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ABSTRACT
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Co-Advisors:
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Dr. Derek Haley

This thesis is an investigation of the prevalence and impacts of different management
practices around calving, with a specific focus on the effects of early systematic obstetrical
assistance and the addition of gut-active carbohydrate to colostrum replacer, on Holstein dairy
calves. The first study examined the analysis of a survey conducted on 236 Canadian dairy farms
to gather information about the management practices currently used around calving on farms
representative of the Canadian industry. A key finding was that 27% of the producers surveyed
assisted all of their cows at calving. The second study was a randomized clinical trial conducted
on a large commercial dairy farm in western Wisconsin, USA, to evaluate the effects of
systematic obstetrical assistance provided early during the second stage of calving. The impacts
of this practice were evaluated during the perinatal period in all calves, and until weaning for
heifer calves. The main findings of this study were that the vigor scores of calves born from
early-assisted calvings were better than those from calves born from unassisted calvings, and
there were no significant negative impacts on the calves when their dams were assisted early
during the second stage of calving. A second randomized clinical trial was conducted on the
same large commercial dairy farm in Wisconsin to evaluate the effects of adding gut-active
carbohydrates to colostrum replacer on dairy calves’ passive immunity absorption, health, and
ii

growth. The key findings of this study were that immunoglobulin absorption was not improved
by the addition of gut-active carbohydrates to the colostrum replacer, and no significant effects
were found on health or growth of the heifers to weaning. The findings described in this
dissertation provide new information on the prevalence and effects of specific calving
management practices and post-calving colostrum management on the health and behaviour of
calves, and highlight areas for future study and enhanced knowledge translation and transfer
concerning the management of dams and their calves during the perinatal period.
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INTRODUCTION
The aim of parturition in dairy cattle is to permit the initiation of lactation in the dams
and the production of live healthy calves for replacement or beef production (Mee, 2004a). A
large number of studies have investigated various aspects of management concerning the
transition period, generally defined as the period covering 3 weeks before until 3 weeks after
parturition (Drackley, 1999). This period is critically important to the health and production
profitability of dairy cows; the effects of diseases in the transition period can extend far into their
following lactation (Mee, 2008c; Mulligan and Doherty, 2008). Unfortunately, researchers have
given little attention to the management of calving itself, with the focus of bovine
theriogenologists mainly given to the perceived decline in dairy cow fertility (Mee, 2008b;
2013).
In recent studies investigating the calving process itself, most researchers examined the
detection and effects of calving difficulties or dystocia on the dams and their offspring. The
incidence of stillbirth is one of the most investigated effects of dystocia on calves (Meijering,
1984; Chassagne et al., 1999; Meyer et al., 2001; Berglund et al., 2003). Stillbirth and perinatal
morbidity incidence in dairy calves is greatly influenced by calving difficulty and is considered a
significant animal welfare and economic concern for the dairy industry, given their impact on
productivity, health, and reproduction (Meyer et al., 2000; Mee, 2008c; 2013). Best management
of prepartum cows, parturition, and newborn calf care are thought to be best accomplished
through the implementation of simple protocols at the herd and cow levels (Mee, 2008c).
Unfortunately, evidence-based best management practices for animals around calving are largely
unknown, with several knowledge gaps still existing on the subject (Mee, 2008a).
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The aim of this thesis is to document the prevalence of some calving management
practices on Canadian dairy farms, assess the effects of a specific calving assistance management
strategy, and examine the value of a post-calving colostrum management strategy on dairy
calves. This first chapter is intended to review current research findings around calving
management practices with specific focus on calving assistance protocols and their impacts on
dairy calves. Specifically, the literature review will cover the following topics:


Usual calving environment



Normal calving process



Difficulty and assistance during calving



Post-calving colostrum management strategies
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CHAPTER 1: REVIEW OF LITERATURE

1.1 CALVING ENVIRONMENT RECOMMENDATIONS AND COMMON PRACTICES
Management of dairy animals around calving involves a wide range of issues including:
the facilities used, feeding strategies, monitoring calving, and providing assistance at calving. In
Canada, the Code of Practice for the Care and Handling of Dairy Cattle (DFC-NFACC, 2009;
Rushen et al., 2009) provides requirements and recommended best practices, mainly concerning
the calving environment, to be used as guidelines for calving management for dairy producers.
The aim of the Code of Practice was to formulate requirements and best practices based on
science as much as possible. For calving, the Code of Practice currently requires that facilities
are designed to minimize stress and competition between the dams while providing them
comfort, insulation, warmth, dryness, and traction for ease of locomotion (DFC-NFACC, 2009).
Specifically, the code recommends that calving animals be placed in individual maternity pens or
group pens that provide adequate space, ventilation, soft non-slip flooring, and feeding and
drinking equipment; dams in group calving pens should also be monitored and managed for
aggressive behaviour. These recommendations are similar to those proposed in the scientific
literature on some topics (Cook and Nordlund, 2004; Mee, 2004a).
Based on recent surveys of management practices around calving, individual maternity
pens and group calving pens are the most commonly used types of calving areas (Ken Leslie,
personal communication; Sivula et al., 1996; USDA, 2010a). The USDA (2010a) survey was
conducted in 17 American states and on 2,194 dairy operations of different types. Some research
has been conducted on the effects of using individual versus group calving pens on the newborn
calves’ health but did not find significant differences between them under the conditions studied
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(Pithua et al., 2009). Tie-stalls, free-stall pens, and pasture are other known maternity facilities
(Sivula et al., 1996; Kjæstad et al., 2001; USDA, 2010a; Vasseur et al., 2010). The minimum
recommended space for a dairy cow during calving is 11 m2, with a general guideline of 3.65 m
by 3.65 m dimensions for individual calving pens (Cook and Nordlund, 2004). Unfortunately, no
published surveys were found that detailed the actual size of the calving pens used on
commercial farms. Straw is the most recommended and used bedding (Sivula et al., 1996; Mee,
2004a; USDA, 2010a). Generally, tie-stalls are not considered as a usual calving area because it
reduces the freedom of movement of the parturient animal (USDA, 2010b; Vasseur et al., 2010).
Cleanliness is a very important component of maternity area management because most dairy
producers also house sick and/or injured animals in the calving area (USDA 2010b; Vasseur et
al., 2010; Kennedy et al., 2014). Recent research has also demonstrated the importance of
calving pen cleanliness and disinfection to reducing the risk of Paratuberculosis transmission
between cows and newborn calves (Donat et al., 2016). Researchers found that the frequency of
cleaning the calving area varied with type of maternity area used and farm size. The general
minimum recommendation is to remove the dirty bedding and birthing material between each
calving (Frank and Kaneene, 1993; Sivula et al., 1996). Surveys done in the USA and Ireland
found that approximately 25 to 30% of the farms followed this minimum recommendation
(USDA, 2010b; Kennedy et al., 2014).

1.2 NORMAL CALVING PROCESS

1.2.1 Duration of Pregnancy
In dairy cows, pregnancy is generally considered to term beginning at 260 days after
conception, but the average expected duration of gestation varies between cattle breeds (Mee,
4

2007; Norman et al., 2009). In Holstein dairy cows, the average pregnancy duration is typically
between 279 and 283 days after insemination (Brakel et al., 1952; Hansen et al., 2004; Fitzgerald
et al., 2015). Primiparous dams, female fetuses, and multiple births are known to decrease
gestation duration (Fisher and Williams, 1978; Nogalski et al., 2012; Dhakal et al., 2013). Some
researchers suggest that the optimal gestation duration in Holstein cows is between 275 and 277
days after conception because calves continue to grow rapidly in weight and length near the end
of gestation, which may increase the chances of calving difficulties (Hansen et al., 2004;
Jackson, 2004 et al., 2012).

1.2.2 Hormonal Onset and Stages of Calving
The onset of parturition is induced by a series of hormonal changes in the dam and fetus.
The glucocorticoid secreted by the fetal adrenal cortex has been found to be the synchronizing
factor for fetal development, fetal maturation and the onset of parturition (Bazer and First, 1983;
Jenkin and Young, 2004). The increased production of corticosteroid by the fetus stimulates the
production of estrogens in the dam’s placenta, placental estrogens themselves stimulating the
production of prostaglandins (Squires, 2003). In brief, the initiation of parturition is a result of a
drop in maternal plasma progesterone, an increase in estrogens and prostaglandin metabolites,
and a spike in prolactin concentrations (Thatcher et al., 1980; Lye, 1996; Noakes et al., 2001).
Placental relaxin and oxytocin are also involved to allow the relaxation of the pelvic ligaments
and vulva, and to increase myometrial contractions (Noakes et al., 2001). Contrary findings have
been published about the diurnal distribution of calvings, but most researchers have concluded
that there were either slightly more calvings during the daytime or that they were distributed
relatively uniformly over a 24 h period (Pennington and Albright, 1985; Stevenson, 1989).
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The calving process is commonly divided into three separate stages: onset, fetal
expulsion, and fetal membranes expulsion. The first stage is defined as the onset of parturition,
which prepares the birth canal and the fetus for expulsion (Jackson, 2004; Mee, 2008a; Noakes et
al., 2001). More precisely, stage one of parturition is considered to be the time between the onset
of myometrial contractions, cervical dilation, pelvic ligament relaxation and the emergence of
the amnion or fetal hooves in the vagina (Mee, 2008a; Noakes et al., 2001). The fetus also
assumes its birth posture during this stage (Jackson, 2004). The duration of stage one of calving
is difficult to determine because there are usually very few, if any, visible external signs (Mee,
2008a). Generally, researchers report that the duration of stage one is approximately 6 to 12 h,
depending on the exact definition of its onset, and the timing is highly variable among cows
(Hickson et al., 2008; Mee, 2008a; Noakes et al., 2001). A specific investigation of uterine
muscular activity found that myometrial activity increased about 12 h before the start of cervical
dilation for calving (Engelen et al., 2007). The second stage of calving is defined as the
expulsion phase, from the first sight of the amnion or fetal hooves, until the calf is expelled
(Jackson, 2004; Mee, 2004a). Normally, the duration of the second stage is around 90 minutes
for primiparous animals and 45 minutes for multiparous animals, but the duration is highly
variable among animals (unassisted calving varying from 10 minutes to 6 hours) and dependent
on the occurrence of dystocia (Mee, 2004a; Noakes et al., 2001). Dystocia may be broadly
defined as a difficult parturition requiring “more assistance than what is desirable” (Meijering,
1984; Mee, 2008d). Overall, the duration of calving is usually longer in primiparous animals and
negatively correlated with the number of abdominal contractions (Hickson et al., 2008;
Schuenemann et al., 2011). Dystocia or difficulty of parturition is the main cause of longer
calving duration (Mee, 2004a). Finally, the third stage of calving is the dehiscence and expulsion

6

of the fetal membranes, and is considered to be of an acceptable length if it is completed in 12 h
or less (Noakes et al., 2001; Beagley et al., 2010).

1.2.3 Signs of Onset of Parturition
The observation of the onset of calving is very important in order to accurately monitor
progress and provide assistance in a timely manner when required (Mee, 2004a; 2008a;
Schuenemann et al., 2011). Unfortunately, this remains a difficult task to accomplish in dairy
cattle because the animals are highly variable in the physical and behavioural signs they express
for impending calving; the ability of observers to detect and interpret these signs are also highly
variable (Wehrend et al., 2006; English et al., 2015; Kovacs et al., 2015). In fact, approximately
10 to 20% of animals, particularly primiparous dams, will enter the second stage of calving
without showing any visible signs of stage one (Berglund et al., 1987; Mee, 2008a). It is
generally recommended to observe cows every 3 to 6 hours after stage 1 has been detected, and
discreetly every 30 minutes once stage 2 is in progress, to provide good calving supervision
(Mee, 2008b).
1.2.3.1 Physical signs
Many studies have attempted to find a sign of imminent calving that would be objective,
sensitive, and specific. Earlier research focused more on visible signs that could be easily
recognized by human observers. For instance, Dufty (1971) found that palpation of the sacrosciatic (pelvic) ligaments could correctly predict imminent calving in most cows and was the
most efficient method compared to rectal temperature, udder size, and vaginal and udder
secretions. The relaxation of the pelvic ligaments and udder fill were the most reliable and useful
signs to accurately predict calving within the next 12 hours, but it was noted that these signs
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were greatly influenced by parity and breed (George and Barger 1974; Aitken et al., 1982;
Berglund et al., 1987). A more recent study calculated that an increment of ≥ 5 mm in the
relaxation of pelvic ligament measurements could accurately predict parturition within 24 h for
93% of the cows they observed (Schilling and Hartwig, 1984; Shah et al., 2006; Mortimer,
2009).
Due to the wide variation in both the onset and the progression of the external signs of
imminent parturition, many other physical signs have, and are, being used to detect the onset of
calving (Ewbank, 1963; Berglund et al., 1987; Mee, 2008b). Vulvar swelling and relaxation,
udder enlargement, mammary secretions and displaced abdomen profile to the right side are
signs that are used to follow the progress of cows toward preparation for parturition, but are not
very predictive of the number of hours prior to calving (Dufty, 1971; Aitken et al., 1982;
Berglund et al., 1987; Mee, 2004). Teat enlargement, engorgement with colostrum, and shine
have also been found to be reliable signs of calving within 4 days (Kharche et al., 1982). Vaginal
secretions, especially bloody mucus, and abdominal contractions are signs commonly used, when
observed, to detect cows undergoing stage one of parturition (Dufty, 1971; Hickson et al., 2008;
Proudfoot et al., 2013).
1.2.3.2 Physiological signs
Physiological changes as parturition becomes imminent have also been used to predict
the time to calving. Heart rate has been found to increase following the onset of the behavioural
signs of calving and peak at the time of fetal expulsion (Kovacs et al., 2015). A study found that
plasma progesterone ˂ 1.3 ng/ml was a good indicator of calving occurring within 24 h (Matsas
et al., 1992). Another study found that using a cut-off of inorganic phosphorus level of ≥ 11.8
mmol/l in mammary secretions can be used to predict calving within 72 h (Bleul et al., 2006). An
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increase in plasma estradiol-17β concentration of ≥ 0.20 ng/ml compared to the previous day has
also been found to accurately predict calving within 24 h in a majority (85%) of cows (Shah et
al., 2006).
Several recent studies have measured body temperature changes as a potential objective
and easily-measured indication of imminent calving. A rumen temperature decrease measured
continuously through wireless boluses, and a reduction of 0.3 to 0.5ºC in rectal temperature
measured twice daily with a regular veterinary thermometer have both been found to be good
predictors of parturition (Burfeind et al., 2011; Statham, 2015). A variety of vaginal temperature
loggers have been tested to predict the onset of calving; generally studies found that a decrease
≥ 0.3ºC indicated that parturition would take place within the next 24 h (Aoki et al., 2005;
Burfeind et al., 2011; Ouellet et al., 2016).
1.2.3.3 Behavioural signs
Many of dairy cows’ routine behaviours have been found to be altered around the time of
parturition. Cows, especially multiparous animals, often seek isolation around the time of calving
(Edwards, 1979; Lidfors et al., 1994; Mee, 2004a; Proudfoot et al., 2014). Tail raising behaviour
has been found to be a very reliable indicator that calving will take place in the next few hours
(Aitken et al., 1982; Mee, 2004a; Miedema et al., 2011a). A prolonged elevation of the tail by 30
to 45º has been generally observed within 4 h of the second stage of parturition (English et al.,
2015).
Restlessness is the most commonly observed sign of imminent calving, with heifers
going through their first parturition often exhibiting this sign earlier than multiparous cows
(Wehrend et al., 2006; Von Keyserlingk and Weary, 2007; Mee, 2008b). A wide variety of
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definitions and/or component behaviours of restlessness have been used as predictors of the
onset of calving (Aitken et al., 1982; Berglund et al., 1987; Wherend et al., 2006). Lying,
standing and walking are the most frequently used indicators of restlessness, but increased
frequency of pawing/scraping with the forefeet, shifting weight on the hind legs, rubbing against
walls, turning of the head towards the abdomen, urination and defecation have also been noted
(Mee, 2004a; Wehrend et al., 2006). Lying and standing by dairy cows around calving have been
explored in terms of total time, number of bouts, and steps taken when standing. Generally, cows
spend less time lying on the day of calving compared to the previous day or series of days,
depending on the study (Huzzey et al., 2005; Jensen, 2012; Ouellet et al., 2016). Dams have also
been found to change position between lying and standing more frequently and to take more
steps on the day of parturition (Miedema et al., 2011a & b; Titler et al., 2015).
A decrease in feed intake and feeding time has also been noted in the days leading up to
calving, with a particularly high drop on the day of calving (Dorshorst and Grummer, 2002;
Schirmann et al., 2013; Büchel and Sundrum, 2014). Rumination time, measured visually or
using automated equipment, has also been shown to decrease significantly on the day of calving,
by up to 33% compared to several days prior to calving (Bao and Giller, 1991; Ouellet et al.,
2016; Calamari et al., 2014; Clark et al., 2014).

1.2.4 Normal Animals and Calving Characteristics
In dairy cattle, it is recommended that primiparous animals reach their first calving at
approximately 85% of their mature weight, around 590 kg, which should be reached ideally at 24
months of age (Mee, 2004a; USDA, 2007). A body condition score of 3.5 (on a scale of 5) is also
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recommended for all animals at calving, to reduce the risk of calving problems and promote
good milk production (Christian and Vertenten, 2014; Boldt et al., 2015; Weber et al., 2015).
The calf presentation considered normal is an anterior longitudinal dorso-sacral position
and in a posture with the calf’s head and forelimbs extended (Jackson, 2004). Reported calf
malpresentation incidence is about 4%, with 73% of these being in the posterior dorso-sacral
position (Holland et al., 1993; Jackson, 2004). The average reported twinning rate in dairy cattle
is around 4%, with greater incidence in older and high producing animals (Wiltbank et al., 2000;
Silva del Rio et al., 2007). Average birth weight for singleton Holstein dairy calves is
approximately 40 to 42 kg, and it is 20 to 30% lighter for each twin calf (Johanson and Berger,
2003; Mee, 2008a). Overall, cow parity and calf birth weight have been found to be the most
important factors influencing calving performance, from the cow’s and calf’s perspectives,
respectively (Philipsson, 1976).

1.3 CALVING MONITORING AND DIFFICULTY

1.3.1 When to Move the Animal to the Maternity Area
The strategy used on farms to determine when to bring the parturient animals to the
maternity area depends on the farm size, the type of facility available, and staff. There are three
times at which dams are commonly moved: weeks before calving, 24 to 48 h prior parturition, or
during early stage 2 of labor (Mee, 2004a). Some farms will use group bedded pack pens where
cows will spend their close-up period, calve, and then be moved to the lactating cow pens (Cook
and Nordlund, 2004; Mee, 2008b). This technique reduces the number of pen moves for each
animal and social stress on the dams resulting from multiple regrouping, but requires special
attention to control aggressive behaviour between animals and achieve the quick removal of
11

fresh animals to avoid creating stressful situations for dams and calves (Cook and Nordlund,
2004; DFC-NFACC, 2009). When specific maternity areas are used, the general
recommendation is to bring the animals into the calving pen 24 h before parturition (Mee,
2004a). As previously discussed, many physiological and behavioural signs have been found to
permit accurate detection of the onset of calving but there is great variation in expression among
animals and the ability of caregivers to detect and interpret those signs is also highly variable
(Wehrend et al., 2006; English et al., 2015; Kovacs et al., 2015). Therefore, optimally timing the
move of the animals to the maternity area remains difficult to achieve. However, when the
timing of the move is done correctly, cows have what is claimed to be adequate time to adapt to
their new environment, resulting in reduced stress and preventing metabolic changes (e.g.,
ketosis, displaced abomasum), with less exposure to unsanitary conditions as a result of spending
more than 48 h in a maternity pen (Cook and Nordlund, 2004; Mee, 2004a; Mee, 2008b).
Another commonly-used strategy is to move the dams to the maternity area once stage one or
stage two of calving has been confirmed (Mee, 2008b). This practice results in the shortest
period of time in the maternity area for the dams, but it does interrupt the calving process,
causing delays in the completion of the second stage of calving (Cook and Nordlund, 2004;
Proudfoot et al., 2013). However, one study found that moving cows during the second stage of
parturition, instead of the first, was associated with a reduction in the duration of calving and a
lower incidence of dystocia (Carrier, 2007).

12

1.3.2 Calving Monitoring
1.3.2.1 During stage one
Once stage 1 of parturition is detected, generally by observing restlessness in the dams,
the animals should be monitored every 3 hours or less to detect the start of stage 2 and any signs
of abnormal calving (Mee, 2008b; Schuenemann et al., 2011). The duration of the first stage of
parturition is greatly variable among animals, but it is generally recommended to conduct an
exploratory vaginal examination 6 to 12 h after its onset, if the animals have not progressed to
the second stage, to determine if there are potential problems in the calving process (Noakes et
al., 2001; Mee, 2008b).
1.3.2.2 During stage two
During the second stage, it is recommended to discreetly monitor the dams every 30
minutes while avoiding the continuous presence of an observer or excessive direct supervision
that could cause stress and interrupt the calving process (Dufty, 1981, Jackson, 2004; Mee,
2008b). Stress induced during calving can cause constriction of the vulva that is a common cause
of dystocia in primiparous dams (Meijering, 1984). Some researchers suggest that all animals
should receive an exploratory vaginal examination when this stage of calving starts, while others
recommend that animals be left to calve untouched if there is timely progress (Jackson, 2004;
Mee, 2004a; Fishwick, 2011). Once the second stage of labor has started, notable calving
progress should be visible every 15 minutes if the calving is moving ahead well (Mee, 2008b;
Schuenemann et al., 2011). The duration of the second stage of labor varies greatly between
animals, from minutes to 6 hours (Jackson, 2004; Mee, 2004a). This stage of calving is longer
for primiparous dams compared to multiparous dams, typically being 90 minutes and 45 minutes
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for primiparous and multiparous animals, respectively (Singleton, 2000; Mee, 2004a; Gundelach
et al., 2009).
1.3.2.3 Indicators of calving problems
As timely intervention is essential in dystocia cases, many researchers have attempted to
identify early signs of calving problems that would permit caregivers to detect and recognize
animals in need of assistance without having to perform a vaginal examination. Unfortunately,
the results of these studies are conflicting. Some researchers found that dams requiring assistance
during calving expressed restlessness earlier than unassisted dams and lifted their tails for a
longer duration in the hours preceding parturition (Barrier et al., 2012c). A study examining the
behaviour of beef cows found that cows with calving problems pawed the floor, urinated and
defecated significantly more than cows without problems during the first stage of labor
(Wehrend et al., 2006). Other researchers found no difference in the behaviours of animals
experiencing calving difficulty in terms of tail raising, self-grooming, lying, walking and eating
(Wehrend et al., 2006; Miedema et al., 2011a; Barrier et al., 2012c).

1.3.3 Calving Assistance and Difficulty/Dystocia
1.3.3.1 Definitions
The exact definition of calving difficulty or dystocia has varied in publications. A
normal calving (eutocia) is generally defined as a spontaneous parturition of normal duration
where no assistance is provided (Mee, 2008d). Dystocia may be defined very broadly as a
difficult parturition or a calving that requires “more assistance than what is desirable” and is a
term generally used by producers to describe any calving that required assistance (Meijering,
1984; Mee, 2008d; Blowey and Weaver, 2011). Unfortunately, this definition is too broad to be
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useful to make comparisons between findings of different studies. Mee (2008d) differentiated
between assisted calving and dystocia by defining the former as a calving where assistance is
provided although not due to dystocia, and the later as calving difficulty resulting from
prolonged spontaneous calving or prolonged/severe assisted extraction. These definitions exist
mainly to separate dystocic calvings and calvings where the assistance provided is brief, traction
slight, and the cow would otherwise have been very likely to calve on her own (Mee, 2008d).
Regrettably, these definitions still result in a wide range of interpretations and are still not
commonly used in the literature.
1.3.3.2 Calving ease scales
A variety of calving ease/calving difficulty scales have been used for cattle parturition
research (Zaborski et al., 2009). Most calving ease scales are ordinal in nature with a number of
categories, generally varying from 2 to 7 points representing increasing levels of difficulty
(Philipsson, 1976; Gregory et al., 1996; Mee, 2008b; USDA, 2010b). Most of the calving
difficulty scales used in the current literature have 4 or 5 categories, the lower being unassisted
followed by mild, medium, and severe assistance, and finally caesarian section (Lombard et al.,
2007). Even if they can provide more accurate information about the assistance, the medium
assistance categories are not always included in calving scores since it is difficult to clearly
define. The exact definition of each assisted calving ease category varies with each scoring
system, but is usually based on the number of people assisting, subjectively estimated traction
force applied, presence of malpresentation, and the use of mechanical extraction tools (Sieber et
al., 1989; Lombard et al., 2007; Mee, 2008d; Barrier et al., 2012c). Most researchers consider
that a calving score of 3 or more (medium assistance or more) is a case of dystocia or a difficult
calving (Meyer et al., 2001; Mee, 2008d). Overall, in order to have reliable and comparable
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calving ease information, a uniform international dystocia scoring system is required (Meijering,
1984; Mee, 2008d).
1.3.3.3 Whether and When to Provide Obstetrical Assistance
Most researchers and veterinary practitioners recommend allowing animals to calve
undisturbed when possible since the majority of dams will calve without incident if they are
given the opportunity (Singleton, 2000; Mee, 2008b; 2008c). In order to prevent unnecessary
assistance during calving, which may negatively impact subsequent fertility and productivity of
the dam, it is important that all calving personnel have the confidence and knowledge not to
interfere with calving if the birth is progressing (Buckley et al., 2003; Fishwick, 2011). The
necessity of performing an exploratory vaginal examination of all dams once calving is detected
is debatable; this practice is highly recommended by some researchers while discouraged by
others (Jackson, 2004; Mee, 2004a; Mortimer, 2009).
Human judgement is probably the biggest factor in avoiding unnecessary interventions
and overall successful parturition, and progress during calving is the most important factor to
evaluate when determining if a parturient animal needs assistance (Singleton, 2000; Garry et al.,
2007; Mortimer, 2009). Researchers have found that progress should be visible approximately
every 15 minutes during the second stage of a normal eutocic calving and that breaks between
active labor (straining) should not be longer than about 10 minutes (Mortimer, 2009;
Schuenemann et al., 2011). Without disturbance, the length of a normal parturition for
primiparous and multiparous dams is about 90 and 45 minutes, respectively (Mee, 2004a;
Schuenemann et al., 2011).
The recommended timing for providing assistance varies greatly among studies and
recommended times differ with the reasons for assistance. For example, when a vaginal
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examination is conducted and malpresentation of the fetus, twins or uterine inertia are identified,
assistance should be provided immediately, but when feto-pelvic disproportion or vulval/cervical
stenosis are thought to be the cause of the calving problem, delaying the intervention is
recommended (Jackson, 2004; Mee, 2004a; Schuenemann et al., 2011). The most commonly
stated recommendation is that when no progress is visible, since the beginning of the second
stage labor (i.e., 1 h in multiparous and 1.5 h in primiparous dams) or if progress has stopped for
approximately 30 minutes, intervention should be conducted by a trained individual (Mee,
2008b; Fishwick, 2011). However, recent research suggests that obstetric intervention should
occur approximately 70 minutes after the appearance of the amniotic sac or 65 minutes after the
appearance of the feet of the fetus to achieve best overall calf-cow survival and welfare
(Schuenemann et al., 2011). Another rule often used to determine the timing of assistance is
based on the placement of chains or rope around the calf’s feet; if the chains need to be applied
inside the dam’s vulva, intervention is potentially too early (Mee, 2004a). In any case, if a
problem is detected or if the cow or calf present signs of excess fatigue (calf with swollen, cold
and/or dry legs or its tongue visible outside the dam’s vulva), obstetrical care should be provided
without further delay and treated as a potential emergency (Jackson, 2004; Mee, 2004a;
Mortimer, 2009). A survey found that 32% of dairy farms in the US examined or provided
assistance within 1 hour of a dam straining without progress and between 1 and 3 hours on 56%
of farms (USDA, 2009). Similarly, a survey conducted in Ireland reported that 44% and 46% of
farmers provided assistance within 1 and 2 hours, respectively, of the appearance of the fetal
hooves (Egan et al., 2001).
Some research indicates that when the decision has been made to provide assistance,
early simple intervention may provide the greatest benefit for the animals (Bellows et al., 1988;
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Lombard et al., 2007; Mortimer, 2009). Bellows et al. (1988) investigated the effects of early
obstetrical assistance provided to all parturient beef cows and found no negative impacts on the
vigor or growth of the calves and positive effects on the subsequent reproduction of the dams.
Conversely, a survey done in Ireland found that the incidence of downer cows after calving
assistance was greater on farms that provided assistance early during parturition, but it should be
noted that early assistance in this case was often provided using calving jacks (Egan et al., 2001).
More research is needed on the effect of early intervention on dairy cows and calves. Overall,
any obstetrical assistance reference time needs to be interpreted in combination with adequate
obstetrical knowledge, examination, and tools to provide the best care and limit the negative
impacts of calving on dairy animals (Fishwick, 2011; Schuenemann at al., 2011).
1.3.3.4 Incidence of calving assistance and calving difficulty
The reported incidence of calving difficulty varies greatly between beef and dairy
cattle with dairy animals having a much higher incidence of calving difficulty and general
calving assistance (Garry, 2004). For dairy cattle, recent reports of the incidence of dystocia have
typically varied between 2 and 20% (Lombard et al., 2007; Mee, 2008d; USDA, 2010b; Dhakal
et al., 2013). Some of the variation in the reported incidence of dystocia is explained by the
calving ease scale used by the different researchers. The reported incidence of assistance and
dystocia across studies is much greater in primiparous dams compared to multiparous dams
(Johanson and Berger, 2008; Mee, 2008d). In their on-farm NAHMS survey, the USDA used
different categories for animals that were assisted and animals that had calving difficulties. They
reported that 18.6% of first calving heifers and 10.8% of multiparous cows had difficult calvings
while a total of 30.1% of heifers and 20.6% of cows were assisted during parturition (USDA,
2010b). Another study found that 31.1% of animals received calving assistance while only 6.8%
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of them had dystocia (Mee et al., 2011). They also found that a greater proportion of primiparous
heifers received assistance without dystocia present compared to multiparous cows (30.7 versus
22.4%, respectively) (Mee et al., 2011). Producers should always aim for the lowest incidence of
calving difficulties possible but a suggested target for severe assistance or surgeries is less than
10% and 15% of multiparous and primiparous calvings, respectively (Fishwick, 2011).

1.3.4 Risks Factors for Calving Difficulty
There is a wide variety of known risk factors and causes for calving difficulty and
dystocia which can be divided into four categories (Zaborski et al., 2009): calf factors, dam
factors, calf and cow combination, and others factors. The importance of individual causes of
dystocia varies greatly in the published literature and most of these risk factors interact between
themselves in influencing calving ease (Mee, 2008d; Zaborski et al., 2009).
1.3.4.1 Calf factors
The most important risk factor of calving difficulty related to calf characteristics is the
calf birth weight (Philipsson, 1976; Nogalski, 2003; Jackson, 2004). Most researchers found that
the risk of dystocia increases with increasing birthweight (Price and Wiltbank, 1978; Burton et
al., 2006; Unalan, 2009). More precisely, Johanson and Berger (2003) calculated an increased
odds of dystocia of 13% for each kg increase in birth weight. Researchers found contradictory
results about the influence of the calves’ body measurements (length, height and/or width) on the
odds of calving difficulty; some studies found that bigger calves had a higher likelihood of
problems while others found no effects of body size (Price and Wiltbank, 1978; Nugent et al.,
1991; Nogalski, 2003; Unalan, 2009). Similarly, male calves have been found to be involved in
up to 25% more difficult calvings than female calves, which may in part be due to the fact that
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they are generally heavier and bigger (Philipsson, 1976; Johanson and Berger; 2003; Heins et al.,
2006).
Calf malpresentation has also been found to be the cause of approximately 25% of
dystocia cases (Meijering, 1984; Holland et al., 1993; Jackson, 2004). Overall, only about 4% of
all calves born do not present in an anterior longitudinal dorsal position for parturition (Holland
et al., 1993; Jackson, 2004). Up to 70% of abnormally positioned fetuses are found in posterior
dorsal position (Holland et al., 1993; Nix et al., 1998; Noakes et al., 2001; Mee, 2008d). Calf
malpresentation is the greatest cause of dystocia in multiparous cows and the second most
common type of dystocia overall (Meijering, 1984; Mee, 2004a; 2008d). Multiple births, found
in approximately 4 to 5% of calvings, is also an important risk factor for dystocia in dairy cattle
(Benxiden et al., 1986; Echternkamp and Gregory, 1999; Bell and Roberts, 2007; Silva del Rio et
al., 2007). Most of the dystocia cases in twin births (78%) have also been found to be the result
of malpresentation of one or both calves (Gregory et al., 1996).
The death of a calf before parturition can also increase the risk of dystocia as it
increases the odds of malpresentation of the fetus (Zaborski et al., 2009). Other calf factors found
to increase the odds of calving problems are being born from an embryo produced in-vitro, a
cloned animal, being of a heavier beef breed, or being a Holstein compared to other dairy breeds
(Kruip and den Daas, 1997; Fiedlerova et al., 2008).
1.3.4.2 Dam factors
For dams, the most important factor influencing calving ease is parity, as primiparous
animals tend to have many more calving problems than multiparous animals (Philipsson, 1976;
USDA, 2010b). This difference in calving ease between primiparous and multiparous animals is
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the result of multiple, related factors such as pelvic size, age, and weight. A dam’s pelvic size is
generally negatively associated with her odds of dystocia, smaller pelvic size increasing the
chances of calving difficulty especially when combined with high calf birth weight (Price and
Wiltbank, 1978; Mee, 2008d). It is suggested that the pelvic area of parturient animals should be
at least 200 cm2, and that the odds of dystocia decrease by 11% for each one dm2 increase in
pelvic area (Johanson and Berger, 2003; Jackson, 2004). Primiparous dams generally have
smaller pelvises than older animals as they are still growing. The pelvic size of primiparous dams
can be especially small when they are very young at calving or have grown poorly (Philipsson
1976; Jackson, 2004). The risk of dystocia has been found to be greater in very young and very
old heifers, but not to be affected by age if the primiparous animals are between 2 and 3 years of
age (Meijering, 1986; Berger et al., 1992; Mee, 2008d). Older multiparous animals, 6th parity or
more, have also been found to be at increased risk of calving problems (Fiedlerova et al., 2008).
The body condition of the parturient animals can also affect calving ease, and the
associations between calving ease and body weight and body condition score have been
investigated. Thin animals or underweight animals are more likely to experience calving
difficulties (Zaborski et al., 2009; Waldner, 2014). Similarly, fat animals also have greater risk of
dystocia due to their reduced efficiency when straining (Singleton, 2000; Jackson, 2004;
Waldner, 2014). Contradictory results have been published on the existence of a relationship
between body weight and calving ease, but body weight is associated with pelvic size, therefore
a lighter animal is likely to have a smaller pelvis (Laster, 1974; Berglund and Philipsson, 1987;
Berry and al., 2007). Currently, the recommended body condition score for animals at calving is
3.0 to 3.5 (on a scale of 1 to 5) to avoid calving problems (Mee, 2004a; 2008d; Zaborski et al.,
2009).
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Other dam factors affecting calving ease include breed, hormone levels, disease status,
and history of dystocia in previous calvings. Between dairy breeds, the Holstein-Friesian breed,
especially North American genetic lines, has the highest incidence of calving difficulties (Heins
et al., 2006; Fiedlerova et al., 2008; Mee, 2008d). Low levels of estrogen and progesterone may
also play a role in increasing the odds of dystocia during parturition (Meijering, 1984; Zhang et
al., 1999; Burton et al., 2006). In multiparous cows, the second most important cause of dystocia,
after calf malpresentation, is vulval or cervical stenosis, which is defined as the failure to dilate
completely, likely preventing the fetus from passing through the birth canal (Jackson, 2004; Mee,
2008d). Other diseases or reproductive tract malfunctions that can cause dystocia in dairy cattle
include uterine torsion, hypocalcemia and uterine inertia (Mee, 2004a; Zaborski et al., 2009). A
uterine torsion is defined as a rotation of the uterus along the long axis, to the right or the left,
which prevents the expulsion of the fetus until the condition is corrected, and can be caused by
excessive fetal movement or insufficient maternal exercise (de Bruin, 1901; Mee, 2004a; 2008d).
Hypocalcemia or milk fever reduces smooth and skeletal muscle contractions which are essential
during each phase of parturition (Horst et al., 1997; Mulligan et al., 2008). Uterine inertia or
weak labor can be caused by hypocalcemia or stress, and can be both a cause (insufficient
abdominal pressure) and a consequence (exhaustion due to long labour) of a difficult calving
(Meijering, 1984; Mee, 2008d; Gundelach et al., 2009). Finally, the odds of requiring calving
assistance and dystocia are increased when an animal has experienced calving difficulty during
at least one previous parturition (Benxiden et al., 1986; Mee et al., 2011).
1.3.4.3 Calf and dam combination
The single most important risk factor of dystocia is feto-pelvic disproportion which is
a function of large calf size/weight relative to the dam’s pelvic size and is also referred to as feto22

pelvic incompatibility (Meijering, 1984; Mee, 2004a; 2008d). It is thought to be the cause of
approximately 45% of all dystocia cases (Jackson, 2004). Feto-pelvic disproportion is especially
common in primiparous dams as they tend to have smaller pelvises (Mee, 2008d). The
comparison between dam and offspring can also be evaluated through the calf/cow weight ratio
or other ratios of body measurements (Price and Wiltbank, 1978). The likelihood of needing
calving assistance or experiencing calving difficulty increases when any of these ratios are
increased (Berglund and Philipsson, 1987; Nogalski, 2003).
As mentioned previously, genetics related to breed can affect the likelihood of
dystocia. Within all pure dairy breeds and dairy mixes, the purer North American HolsteinFriesian lineage, the higher the odds of experiencing calving difficulty (Heins et al., 2006; Mee,
2008d). Inbreeding can also be detrimental to calving ease with the probability of dystocia
increasing by 0.4% for each percentage increase in inbreeding for primiparous dams (Adamec et
al., 2006). The influence of genetic selection to reduce the incidence of dystocia varies between
studies, but overall the heritability of calving difficulty seems to be around 6% for direct (the
ability of the calf to be born unassisted) and 5% for maternal (the ability of the dam to give birth
unassisted) effects (Steinbock et al., 2003; Ghiasi et al., 2014). Gestation length can also impact
calving ease in dairy cattle. Short (≤ 266d) and long (≥ 287d) gestation both increase the risk of
calving difficulty (Fiedlerova et al., 2008; Zaborski et al., 2009).
1.3.4.4 Other factors
Various researchers identified the association between calving difficulties and calving
season with higher rates of dystocia occurring in winter compared to summer (Johanson and
Berger, 2003; Steinbock et al., 2003). From a management perspective, the feeding strategy in
preparation for parturition and supervision during calving can also affect calving ease. Diet, in
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terms of micronutrients, vitamins and minerals, is essential in preventing calving difficulties
(Mee, 2004b; Zaborski et al., 2009). Worker management and calving monitoring also need to be
carefully planned to maintain sufficient monitoring of parturient animals and communication
between employees on the progress of each calving animal (Mee, 2008d; Gundelach et al.,
2009). However, excess monitoring during calving can also be detrimental if increasing the
stress level of the animals, especially in heifers (Dufty, 1981; Meijering, 1984; Mee, 2004a).

1.4 CURRENT RECOMMENDATIONS AND GUIDELINES FOR OBSTETRICAL
ASSISTANCE

1.4.1 How to Provide Obstetrical Assistance
1.4.1.1 Facilities
It is recommended that each calving area be equipped with a head restraining device
that allows quick release and prevents choking if the dam goes down during the assistance
process (Cook and Nordlund, 2004 Mortimer, 2009). The availability of the head restraint is
recommended for the safety of the animal and the obstetrician along with the availability of at
least one assistant (Mee, 2008b; Mortimer, 2009). Squeeze chutes are, however, not
recommended since they may reduce the ability of the dam to breathe comfortably and lie down
if needed during the assistance process (Jackson, 2004; Mortimer, 2009). Other best
recommended management practices for the calving area include easy access to both hot and
cold clean water, non-slip easily cleanable flooring and overall dry, clean and warm environment
(DFC-NFACC, 2009; Mortimer, 2009). This type of facility is thought to encourage caregivers
to take the appropriate time when providing calving assistance and offer a good environment for
the newborn calf (DFC-NFACC, 2009; Mortimer, 2009). Positively, the USDA survey found
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that almost 60% of the dairy farms surveyed restrained the cow with a head catch or similar
equipment during calving assistance (USDA, 2009). Unfortunately, little information is available
on the exact type and design of the facilities generally used in research for calving assistance or
their real impact on the efficacy of the assistance provided. There is also very little science-based
evidence of the importance and impacts of the recommended features of calving facilities.
1.4.1.2 Cleanliness
Maintaining a high-level of hygiene is a recommended practice during vaginal
examinations and when providing calving assistance to avoid contamination of the dam’s
reproductive tract which may further lead to infection and disease (Jackson, 2004; Mee, 2008b).
To achieve a minimum level of hygiene, it is necessary that the dam’s perineum and adjacent
areas be washed thoroughly with soap and warm water before performing a vaginal examination
or providing assistance to prevent contamination of the birth canal (Jackson, 2004; Mortimer,
2009). Cleaning all the tools and instruments used during calving assistance, especially ropes,
chains or straps that enter the birth canal is equally important to achieve adequate hygiene
(Mortimer, 2009; Fishwick, 2011; Schuenemann et al., 2013). The best recommended practices
state that all obstetrical tools should be cleaned and sanitized after each use and stored dry in a
clean and aseptic container (Jackson, 2004; Fishwick, 2011). It is also generally recommended
that obstetricians wear gloves (disposable palpation sleeves) during vaginal examinations and
when providing calving assistance (Jackson, 2004; Mortimer, 2009; Schuenemann et al., 2013).
The USDA 2007 survey found that more than 50% of farms generally implemented these
recommended practices, with 52% of dairy farms washing the perineum area of the cows with
soap and water, 68% using obstetrical gloves, and 73% cleaning and disinfecting chains or other
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equipment prior to use (USDA, 2009). Once again little science-based information is available
on the impacts of following these recommendations; they are mainly based on common sense.
1.4.1.3 Obstetrical tools and force applied
Lubricant has been found to be the single most important tool when conducting
vaginal examinations and providing assistance during parturition (Singleton, 2000). The dam’s
natural lubricant is the best lubricating substance for calving, however additional lubricant is
usually necessary, especially when the calf and vagina are dry (Mee, 2004a; USDA, 2009).
During calving assistance, lubrication is usually used when attempting to dilate the cervix and
when providing traction because it can help in delivering the calf and protect the dam from
trauma (Mee, 2008b). Generally, the best recommended practice is to use a generous quantity of
commercial obstetrical lubricant mixed with water (USDA, 2009). The USDA survey found that
57% of dairy farms used lubricant during calving assistance with the type of lubricating
substances used including: water, commercial obstetrical lubricant, combination of water and
lubricant, mineral oil, soap, and shortening (USDA, 2009). Fortunately, fewer than 10% of the
dairy operations using lubricant were using mineral oil, shortening or water alone as lubricants
(USDA, 2009).
To apply traction to the calf during parturition, different tools can be used, with the
simplest being human hands, without any other implement (Fishwick, 2011). However, when
providing manual traction, most caregivers and obstetricians use twine, rope, obstetrical straps or
stainless-steel chains to tie around the fetus’ forelimbs (USDA, 2009). All of these tools have
been found to be equally effective at providing traction but stainless-steel chains provide the
advantage of being easier to clean and sanitize adequately (Singleton, 2000; Noakes et al., 2001;
Mortimer, 2009). Nylon obstetrical straps are thought to be potentially less traumatic for the calf,
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but they are harder to clean and sanitize between calvings (Mortimer, 2009). The USDA 2007
dairy survey found that 71% of farms used stainless-steel obstetrical chains when providing
assistance during calving (USDA, 2009). Studies have estimated that the force applied during
calving assistance using exclusively manual traction varies between 32 to 275 kg of force with a
maximum estimated force applied by one, two, and three people being 75 kg, 120-180 kg, and
170-275 kg, respectively (Hindson, 1978; Colburn et al., 1997; USDA, 2009). Traction applied
by one or two men appears to be the most commonly used method to assist dairy cows during
calving based on the methods described in most recent scientific publications and the USDA
survey (54% of farms) (USDA, 2009; Schuenemann at al., 2011; Barrier et al., 2012d).
Other tools commonly used during assisted parturition are specially developed fetal
extractors, also called calf jacks or mechanical aids (Jackson, 2004). Although they are thought
to be an essential calving tool for obstetric assistance, the use of calving jacks is strictly
regulated in some countries as they can cause suffering and harm to both the dam and fetus
(Egan et al., 2001; Noakes et al., 2001; Mortimer, 2009; Fishwick, 2011). It is highly
recommended that any person using a calf jack be given training on how to use it, as this type of
device can easily apply between 400 and 900 kg of force (Colburn et al., 1997; Jackson, 2004;
USDA, 2009; Fishwick, 2011). A survey done in Ireland found that 84% of dairy farmers owned
a calf jack and that it was used for 57% of the assisted calvings (Egan et al., 2001). Similarly, the
USDA survey found that calf jacks were the most commonly used method for calving assistance
on 22% of farms, with this practice being more common on large farms (37%) compared to
small farms (16%) (USDA, 2009).
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1.4.1.4 Application of traction
Cattle obstetrics is considered a branch of surgery and therefore requires high levels of
cleanliness, care and gentleness during all procedures (Jackson, 2004; Mortimer, 2009). It is
normally recommended to keep the dam calm and in a recumbent position if possible when
applying traction during calving assistance as the efficiency of the abdominal contractions and
the effective pelvic area are maximized in this position (Singleton, 2000; Mee, 2004a; Garry et
al., 2007). Prior to the application of traction, the obstetrician should assess the viability and
position of the fetus because different obstetrical strategies may be used depending whether the
calf is dead or alive (Mee, 2004a; Mortimer, 2009). Overall, approximately 4% of calves come
malpresented at birth and 5% will not express reflexes in the birth canal when tested, even if they
are alive (Holland et al., 1993; Mee, 2008a).
Once the decision has been made to attempt a vaginal delivery, it is recommended that
the caregiver or obstetrician attempt to internally apply pressure to the dam’s cervix with the aim
of increasing the dilation of the birth canal prior to placing the chains or ropes above and below
the calf’s fetlocks (Singleton, 2000; Noakes et al., 2001; Jackson, 2004; Mee, 2004a). Assistance
protocols generally require that the traction and leverage during calving assistance be applied
when the dam is straining and be relaxed when she completes her contractions (Mee, 2004a;
Mortimer, 2009; USDA, 2009). Constant sustained traction should not occur as it would never
occur in a natural birth (Mee, 2004a). This rule is generally respected in the industry with 77% of
farms applying traction in conjunction with the dam straining when providing assistance instead
of continuous traction (USDA, 2009). Another commonly suggested assistance strategy is to
wiggle the calf instead of pulling in just one direction, on the basis that alternating traction to
each of a calf’s legs can ease the passage of the calf’s shoulders through the dam’s pelvis
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(Singleton, 2000; Jackson, 2004; Blowey and Weaver, 2011; Tsousis et al., 2011). Overall, in the
literature very little information is available on the use of specific calving management practices
and even less with respect to evidence to underpin assistance recommendations.
1.4.1.5 When to call the veterinarian
It is recommended to call a veterinarian for assistance whenever the caregiver does not
feel confident with his/her ability to correctly assist the calving (Mee, 2004a; Mortimer, 2009;
Schuenemann et al., 2013). Some more specific reference times have been determined through
research. For example, progress should be visible within 30 minutes when applying human
manual traction to an abnormally presented calf and within approximately 15 minutes for a
normally presented calf (Mee, 2004a; Mortimer, 2009). Also, when properly using a calving
jack, progress should be visible within minutes of applying traction or leverage (Fishwick, 2011).
A common recommendation in all situations is that if progress is not seen within these reference
times, farmers should seek alternate assistance or contact their veterinarian without delay (Mee,
2004a; Mortimer, 2009; Fishwick, 2011). The USDA survey found that approximately 13% of
all calving interventions were provided by a veterinarian (USDA, 2009).

1.4.2 Record Keeping
On-farm record keeping of calving ease or calving difficulty level is essential for
benchmarking and monitoring calving performance or dystocia management plans and can be
used as a sensitive indicator of welfare around calving time (USDA, 2010b; Fishwick, 2011). It
is recommended that calving difficulty be scored and recorded for each animal promptly postparturition (Fishwick, 2011; Schuenemann et al., 2013). The exact calving difficulty scoring
scale may differ between farms, but all systems should at least distinguish between unassisted,
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assisted, and veterinary or surgically assisted calvings (Zaborski et al., 2009; Fishwick, 2011).
Good calving records should include for each parturient animal: date of calving, identification of
the dam and calf, observed start and end times of labor, calving difficulty score, sex of the calf,
calf weight, singleton or twin, and born alive or dead (Schuenemann et al., 2013). The USDA
dairy survey (2009) found that 36% of the farms surveyed kept written records of calving
difficulty. In contrast, a survey conducted in Canada found that a majority of dairy producers
(82%) kept records of calving ease for individual animals (Ken Leslie, personal communication).

1.4.3 Calving Standard Operating Procedures and Farm Workers Training
Based on the results of the UDSA survey (2009), most calving problems are dealt with
by farm workers, but in order to successfully manage parturition guidelines or standard operating
procedures (SOPs) and caregiver training are required (Garry et al., 2007; Fishwick, 2011;
Schuenemann et al., 2013). Standard operating procedures should be created and revised in
collaboration with the farm’s veterinarian and include guidelines leading to the best animal care
possible with the aim of reducing the negative impacts of dystocia on animal health, performance
and welfare (Fishwick, 2011; Garry et al., 2007). It is recommended that SOP include elements
about signs of normal and abnormal parturition, monitoring progress, cattle handling, equipment
needed for assistance, cleanliness and hygiene, vaginal examination, method of intervention
(timing, force, direction of traction and correction of malpresentation), proper use of a
mechanical calving aid, when to call the veterinarian, and post-calving dam and calf assessment
(Garry et al., 2007; Fishwick, 2011). Standard operating procedures may also include different
guidelines for primiparous and multiparous dams (USDA, 2009; Schuenemann et al., 2013). The
USDA 2007 survey showed that 61% of the farms surveyed had guidelines for when and how to
assist during calving, without specifying if they were written (USDA, 2009). Unfortunately, little
30

information is currently available about the prevalence and the use of calving protocols in
Canada or Europe.
Experienced large animal veterinarians can deal with all types of dystocia with high
efficiency, but they only attend a small percentage of all the calvings that require assistance
(approximately 10%). The main challenge for veterinarians and producers is to ensure that the
farm workers have the ability to effectively respond to all types calving problems (USDA, 2009;
Fishwick, 2011). Good education and training for the animals’ daily caregivers on the parturition
process is essential for them to apply calving protocols effectively (Garry et al., 2007;
Schuenemann et al., 2013). Training dairy producers to deal with calvings has been attempted
through a variety of media and approaches: on-farm and/or in-class courses, video,
books/literature, and “on the job” training (USDA, 2009; Schuenemann et al., 2013). The USDA
dairy survey found that 92% of the farms provided training for the personnel attending calvings
on the farms and that the great majority (90%) did so through “on-the-job” training (USDA,
2009). It has been found that calving training programs should ideally include a theoretical
component and hands-on activities with cadaver calves that allow caregivers to practice
manipulation techniques for different types of calf malpresentation (Garry et al., 2007; Fishwick,
2011; Schuenemann et al., 2013). During the training sessions, the specific farm objectives and
guidelines/SOP concerning hygiene, lubrication, cattle handling and restraint, when and how to
intervene, and use of calving jacks should be addressed (Garry et al., 2007; Fishwick, 2011;
Schuenemann et al., 2013). Schuenemann et al. (2013) tested the efficacy of a calving
management training program on commercial dairy farms that included both an in-class and a
hands-on demonstration/practical component and found that this 3 h workshop had great success
in offering relevant information that could be applied immediately in the field. Knowledge tests

31

done before and after the training program showed a gain of knowledge related to calving
management (Schuenemann et al., 2013). Overall, optimal parturition management requires that
the animal caregivers use good judgement in their decision making process and have the skills to
complete most of the calving assistance required; this can only be achieved if the workers are
well-trained and provided with appropriate SOP and facilities (Garry et al., 2007). Unfortunately,
based on the prevalence of each of these three components in the field, only approximately 33%
of farms are likely able to provide optimal parturition management (USDA, 2009). More
information is needed on the prevalence of calving management practices to determine the
information gaps on where knowledge technology transfer should be focused in the near future.

1.5 IMPACTS OF CALVING ASSISTANCE AND DYSTOCIA ON DAIRY CALVES
The perinatal period is the most hazardous time in the lives of all animals (Lombard et
al., 2007; Mee, 2008a). Scientific research has recently shown that the calves’ experience at birth
can affect them throughout their lives (Arnott et al., 2012; Barrier et al., 2012a). In addition to
the great financial impact calving difficulties have on the dairy industry, the welfare of the calves
can be greatly compromised due to dystocia and improper calving assistance (Meyer et al., 2001;
Fishwick, 2011; Arnott et al., 2012). The economic costs of calving difficulty and assistance
include, but are not restricted to, the loss of calves, death or culling of dams, labour, veterinary
costs, milk and fertility losses (Meijering, 1984; McGuirk et al., 2007). The welfare of the calves
may be comprised through trauma to the musculo-skeletal system, physiological stress,
mortality, morbidity and pain arising from assisted delivery and dystocia (Fishwick, 2011;
Barrier et al., 2012a; Murray and Leslie, 2013). Post-mortem examinations on stillborn dairy
calves have shown that more than half of them had breathed, indicating that they very likely
experienced pain and distress during the delivery (Barrier et al., 2013).
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In the following sections, the documented effects of calving assistance and calving
difficulty on calves will be presented according to the following four calf life stages: birth to 48
hours, 2 days to weaning, weaning to first calving, and adulthood.

1.5.1 Birth to 48 Hours of Age
1.5.1.1 Metabolic effects and physical trauma
Birth is a traumatic event for all calves regardless of calving difficulty since they go
through multiple physiological changes and most must pass through the birth canal (Mee, 2008a;
Arnott et al., 2012). The pain and stress that can be experienced before and during parturition can
alter the energy profile of calves causing metabolic imbalance at birth (Vannuchi et al., 2015).
Difficult and assisted calvings may result in inflammation, pain, hypoxia, acidosis, and an
inability to maintain homeostasis for the newborn calves (Murray, 2014). All calves have been
found to experience respiratory and metabolic acidosis to some degree at birth, but calves born
from severe dystocia or prolonged parturition suffer much more serious acidosis and take longer
to recover from this condition (Vermorel et al., 1989; Schuijt and Taverne, 1994; Howard, 2003;
Mee, 2008a). Blood pH and blood cortisol concentration of dystocic calves have also been found
to be respectively lower and higher compared to animals born from unassisted calvings
(Meijering, 1997; Barrier et al., 2012b; Murray, 2014; Vannuchi et al., 2015). Contradictory
results have been found on the influence of dystocia on the serum glucose concentration of
calves; some researchers have found that calves born from severe dystocia had higher glucose
concentrations compared to unassisted calves while others found no difference (Bellows and
Lammoglia, 2000; Civelek et al., 2008; Vannucchi et al., 2015). The levels of cholesterol,
lactate, vitamins A, C, beta-carotene and other metabolites in calves have been found to be
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influenced by the difficulty of calving (Jacobsen et al., 2000; Civelek et al., 2008). Researchers
also found that calves born from difficult calvings had lower rectal temperatures, were less
efficient at maintaining their body temperatures, and increased their temperature more slowly
after birth (Vermorel et al., 1989; Mortimer, 2009).
When examining the carcasses of calves that were forcefully extracted during birth,
Aksoy et al. (2009) found that they had suffered fractures, mainly to the mandible and the
metacarpus, with up to 40% of calves experiencing dystocia showing signs of trauma and lesions
to their head, limbs, or thorax (Waldner et al., 2010). Other studies also found evidence of
greater trauma and bruising in calves that received assistance during calving compared to
unassisted births (Schuijt and Taverne, 1994; Mee, 1999; Barrier et al., 2013). Excessive traction
has been found to be the greatest cause of rib and vertebral fractures during dystocic calvings
also indicating that these calves suffered asphyxia (Schuijt, 1990). It has been reported that up to
40% of veterinary-assisted parturitions result in calves suffering rib fractures or other lesions and
signs of trauma, and that 13% of calves born from mechanically-assisted calvings suffered from
traumatic injuries (Tyler, 2003 and Zaremba et al., 1995 cited by Mee, 2008a).
1.5.1.2 Perinatal mortality or stillbirth
For calves, perinatal mortality, also referred to as stillbirth, is probably the most
obvious, most researched, and the most detrimental effect of difficult calvings (Arnott et al.,
2012). The exact definition of the perinatal period for mortality may slightly vary between
studies, but the majority of researchers consider calves to be stillborn if they died before, during
or within 24 to 48 hours of birth following a gestation of at least 260 days (Meijering, 1984;
Berglund et al., 2003; Mee, 2007; Mee, 2008c). Surveys have found that up to 60% of calf
mortality occurs at birth (Philipsson, 1976; Spicer et al., 1994). Currently, the incidence of
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perinatal mortality for calves is estimated to be between 7% and 10% (Mee, 2008a; Lombard et
al., 2007; Gundelach et al., 2009; USDA, 2009). Meyer et al. (2000) reported an incidence of
perinatal mortality of 11% for primiparous dams and 5.7% for multiparous dams. These numbers
are much higher than the suggested maximum tolarable levels of 8% and 3% perinatal mortality
for primiparous and multiparous dams, respectively, recommended by Fishwick (2011).
The most important risk factor for perinatal mortality is calving difficulty, especially
when calves are born from primiparous animals (Noakes, 1997; Mee, 1999; Meyer et al., 2001;
Lombard et al., 2007). The impact of slight assistance during calving on the odds of stillbirth are
uncertain, but some researchers found it to have no effect while others found it was associated
with increased stillbirths (Mee al., 2008d; Carrier et al., 2006). Mild dystocia has been found to
increase the odds of perinatal mortality by 2.3 times (95% CI: 1.6 to 3.3 times) (Lombard et al.,
2007). Severe calving difficulty, however, has been found to have a much greater impact on
stillbirth rate, with increased odds between 16 (95% CI: 8.5 to 27.8) and 46 (95% CI: 17 to 120)
times compared to unassisted calvings (Chassagne et al., 1999; Carrier et al. 2006; Lombard et
al., 2007). A second stage of labor longer than 2 hours, and fetal malpresentation have also been
found to increase the likelihood of perinatal mortality in calves (Mee, 1999; Gundelach et al.,
2009; Murray, 2014). It was estimated that 90% of calves classified as stillborn were alive at the
beginning of parturition, and that 66% of stillbirths occur during calving with an additional 10%
occurring within 1 hour of birth (Berglund et al., 2003; Mee, 2007: 2008a). Consequently, it is
thought that relatively simple interventions, such as correctly used early assistance, have the
potential to significantly reduce the impacts of dystocia and calving difficulty on calf mortality
(Bellows et al., 1988; Lombard et al., 2007).
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1.5.1.3 Vigor and vitality indicators
Research has shown that it is important to assess the newborn calf’s vitality and vigor
soon after birth as it may be a good indicator of the impact of the calving process on the animal
and help guide care of the newborn (Mee, 2008a: 2008c; Murray and Leslie, 2013). Different
vigor assessment and vitality components have been evaluated in newborn calves over the last
two decades including reflexes, heart rate, respiration rate, temperature and activity level (Mee,
2008a; Murray and Leslie, 2013; Murray, 2014). Recently, an equivalent of the APGAR score
used in human babies was created to assess the vigor of newborn calves covering all of the above
components and more (Murray, 2014). Calves with poor vigor or vitality are generally
characterized by abnormal heart and respiration rates, blue or white mucus membranes, and
reduced reflexes, reactivity, and movements (Mee, 2008a; Murray 2014). Some of the elements
used to qualify calves as less vigorous are linked with a calf experiencing acidosis and hypoxia
(Mee, 2008c; Murray and Leslie, 2013).
Calves born from prolonged unassisted calvings, difficult calvings, and those births
where the calf does not present in the normal posture, are at higher risk of poor vitality and vigor
(Bellows et al., 1988; Mee, 2008a; Murray, 2014). Specifically, calves born from difficult
calvings have been found to have weaker sucking reflexes and were slower to respond when
stimulated by a straw placed in their nasal cavity, touching of their eyeball, and pulling of their
tongue (Murray, 2014). Difficult and delayed parturition has also been found to cause a decrease
in physical activity with newborn calves spending more time lying on their flank and taking
longer to achieve sternal recumbency, standing, and walking (Vermorel et al., 1989; Schuijt and
Taverne, 1994; Hickson et al., 2008; Barrier et al., 2012d). The time that calves take to achieve
sternal recumbency following birth has been found to be a good, practical, and objective
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diagnostic tool to evaluate calf vigor, with calves taking longer than 15 minutes to achieve
sternal recumbency being significantly less vital (vitality being defined as alive at 7 days of age
and having not received any medical treatment) (Shuijt and Taverne, 1994; Murray, 2014).
1.5.1.4 Passive immune transfer
Dairy calves are born agammaglobulinemic and most of their protective immunoglobulin
(Ig) comes from passive absorption through the ingestion of maternal colostrum during the first
24 hours after birth (Godden, 2008). The immune protection that calves acquire from colostrum
is essential to protect them from disease until their own immune system provides protective
antibodies (McGuirk and Collins, 2004; Godden, 2008). Published data indicate that calves born
from dystocic calvings, especially those born from very difficult assisted or prolonged
parturition, have lower appetite when fed at will and take longer to suckle their dam for
colostrum (Vermorel et al., 1989 Hickson et al., 2008; Barrier et al., 2012d). This delayed and/or
reduced colostrum consumption has been found to result in lower passive immune transfer and
increase failure of passive immune transfer in calves born from difficult parturitions (Beam et al.,
2009; Barrier et al., 2012b). However, Murray (2014) did not find any association between
calving ease and passive immune transfer, likely due to the fact that colostrum was force-fed by
humans and not based exclusively on the vitality and hunger of calves. This indicates that the
association between calving difficulty and passive immune transfer may be mainly due to
reduced vigor in calves born from assisted calvings.

1.5.2 Two Days of Age to Weaning
The mortality, health, growth, and morbidity of heifer calves during the rearing period
has been studied relative to the type of birth experienced. Early calfhood mortality has also been
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shown to be affected by calving ease, with calf mortality incidence from 2 to 7 days of life and
from 8 to 28 days estimated at 0.5% and 1.3% of overall cattle postnatal mortality, respectively
(Bleul, 2011). The likelihood of calves suffering from respiratory or enteric diseases during early
life has been associated with their experiences at birth. Noakes (1997) found that calves born
from dystocic calvings were 2.4 times more likely to suffer from illnesses during their first 45
days of life. A study looking at the effects of low-level and substantial assistance during calving
found that for both levels of assistance, heifer calves were more likely to experience respiratory
and digestive problems up to 120 days of age compared to heifers born unassisted (Lombard et
al., 2007). Barrier et al. (2012a) found no effect of calving ease level on heifers’ growth to
weaning. However, researchers examining the effect of early obstetrical assistance during
calving in beef cows found that early-assisted calves had better weight gain than late-assisted
calves (Bellows et al., 1988). In fact, calving duration may explain the association between heifer
growth and calving ease score as a longer calving duration is associated with lower weight gain
in calves early in life (Murray, 2014). Most researchers have found that calves born from assisted
calvings were more likely to die before weaning than calves born unassisted with a more
pronounced effect for the calves born from very difficult calvings or a prolonged second stage
labour (Vermorel et al., 1989; Lombard et al., 2007; Barrier et al., 2012a: 2012b). Wells et al.
(1996) found that the odds of dying within 21 days were significantly greater for calves born
through forced extraction compared to calves born without assistance and that up to 12% of calf
mortality during the first 21 days of life could be prevented if changes were made to calving
management. In some cases, the associations found between calving ease and disease, growth,
morbidity, and mortality in early life may also be explained by the effect of calving assistance
and the insufficient provision of passive immunity.
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1.5.3 Weaning to First Calving
Various studies have shown that heifer calves’ calving score did not influence their
growth to first calving based on body weight, withers height, or fertility (Heinrichs et al., 2005;
Barrier et al., 2012a:2012b). However, an increase in calving difficulty score at birth has been
associated with increased age at first calving for dairy heifers (Heinrichs et al., 2005). Severe
dystocia has also been found to be detrimental to the survival of heifer calves to 120 days of life,
to first service, and up to one month before their first calving (Lombard et al., 2007; Henderson
et al., 2011; Barrier et al., 2012a).

1.5.4 Adulthood Production and Productivity
Very few researchers have examined the effect of difficult birth on heifer calves as adult
animals. Two recent studies that followed heifer calves over a long period found that heifers
receiving calving assistance at birth had reduced milk production during their first lactation;
Heinrichs and Heinrichs (2011) found that heifer calves that experienced an easy pull at birth
(compared to an unassisted calving) produced almost 205 kg less milk during their first lactation
and almost 400 kg less if they experienced severe dystocia or required an extreme amount of
assistance at birth (Eaglen et al., 2011; Heinrichs and Heinrichs, 2011). The delivery score of a
heifer calf also had a negative association with protein production that decreased with increasing
calving difficulty (Heinrichs and Heinrichs, 2011). The researchers also observed apparently
lower but not statistically different lifetime mature equivalent, actual milk, and component
production decreasing with increasing calving difficulty (Heinrichs and Heinrichs, 2011).
Another study investigating the effect of calving ease on Holstein heifer calves did not detect an
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association between calving ease and reproductive performance as adult animals during their first
lactation (Eaglen et al., 2011).

1.6 POST-CALVING COLOSTRUM MANAGEMENT TO REDUCE THE POTENTIAL
NEGATIVE IMPACTS OF CALVING ON CALVES
In order to alleviate the negative impacts that calving can have on calves, and to promote
their health and productivity, a good colostrum management strategy is critical (McGuirk and
Collins, 2004; Barrier et al., 2012b). The primary goal of colostrum feeding is to achieve
adequate passive transfer of maternal immunoglobulin, but it also provides vital nutrients,
hormones and vitamins for the newborn calves and promotes their morphological and functional
development (Blum and Hammon, 2000; Godden, 2008). Passive immune transfer in dairy
calves is considered adequate when serum IgG concentration is ≥ 10 mg/ml and serum total
protein is ≥ 5.2 g/dl at 24 h of age (McGuirk and Collins, 2004; Morrill et al., 2012). Calves that
do not reach an adequate level of passive immune transfer are more susceptible to disease, and
have reduced growth and lower productivity later in life (Furman-Fratczak et al., 2011; Yang et
al., 2015). Sadly, even though the importance of colostrum for calves has been scientifically
established for almost 100 years, about 20% of heifer calves in the US do not receive adequate
passive transfer of immunoglobulins (Smith and Little, 1922; Beam et al., 2009).
Multiple factors are involved in colostrum management. The quality of the colostrum
used, the amount, timing and method of feeding, the use of supplements, replacer or additives are
all considerations for a good colostrum management strategy that aims to insure adequate
passive immune transfer to calves (McGuirk and Collins, 2004).
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1.6.1 Colostrum Quality
The first step to good quality colostrum is appropriate care, vaccination and nutrition of
the pregnant cow during the dry period since these factors are crucial components of
colostrogenesis (McGuirk and Collins, 2004; Godden, 2008). The reported volume of colostrum
produced by an individual cow ranges greatly, from 2.8 to 26.5 L, with an average of 11.2 L
(Morin et al., 2001). Cows carrying female calves have also been found to produce more
colostrum (Angulo et al., 2015).
The time and method of collecting maternal colostrum can have an impact on its quality.
The concentration of colostrum IgG begins to decrease 4 h after calving so producers should aim
to harvest colostrum as soon as possible after calving (Godden, 2008; Angulo et al., 2015).
Studies investigating the bacterial contamination of colostrum have found that significant
contamination can occur during the harvest and storage process (Stewart et al., 2005). The
general recommendation is to feed colostrum that contains less than 100,000 colony forming
units/ml (cfu/ml) of total bacteria and less than 10,000 cfu/ml of coliforms (McGuirk and
Collins, 2004). Using a proper method of udder preparation and clean milking and storage
equipment are essential in reducing the bacterial contamination of colostrum (McGuirk and
Collins, 2004; Godden, 2008).
Following its harvest, maternal colostrum should be tested for quality in terms of its IgG
content and then be fed immediately to the newborn calf or stored for future use. The reported
concentration of IgG in colostrum produced by an individual cow ranges greatly, from ˂ 2 to 200
mg/ml, with a mean of 69 mg/ml (Swan et al., 2007; Morrill et al., 2012). Dams of ≥ 3 parity
generally produce colostrum with higher concentrations of IgG (Morrill et al., 2012; Angulo et
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al., 2015; Bartier et al., 2015). The general industry recommendation is to feed colostrum
containing a concentration of IgG > 50 or 60 mg/ml depending on the method used to test the
quality of the colostrum (McGuirk and Collins, 2004; Morrill et al., 2012). Currently, a variety of
tools are available on the market to test total solids or IgG concentration of colostrum on-farm
including the colostrometer or the Brix refractometer (Bielmann et al., 2010; Hart, 2014; Bartier
et al., 2015).
If not fed immediately, the colostrum should be refrigerated at 4ºC to limit bacterial
growth and can be kept refrigerated for a week without loss of IgG concentration (Godden,
2008). However, since the bacterial count of refrigerated colostrum can surpass acceptable limits
within 2 days of collection, freezing unused colostrum may be a more desirable option given that
it can be kept frozen for up to 1 year (McGuirk and Collins, 2004). When reheating the
colostrum, it is recommended to do so at a temperature of 60º C for 30 to 60 minutes because
heat-treated colostrum increases IgG absorption and decreases bacterial contamination (Johnson
et al., 2007; Gelsinger et al., 2014; Kryzer et al., 2015). Respecting the 60º C upper temperature
limit is very important since higher temperatures degrade the IgG contained in the colostrum
(McMartin et al., 2006).

1.6.2 Timing, Method of Feeding, and Quantity of Colostrum Fed
The exact quantity of colostrum needed by a calf to achieve adequate passive immune
transfer varies with the quality and source of the colostrum used (Godden, 2008). Generally, a
minimum of 3 L of colostrum that contains at least 50 mg/ml of IgG is required for optimum
immune transfer, ideally providing around 200 g of IgG during the first feeding (Chigerwe et al.,
2008; Godden et al., 2009a; Russell-Sakai et al., 2012).
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The general recommendation is to feed colostrum to the calves as soon as possible after
birth as gut absorption is optimal within 4 h of birth (Godden, 2008; Beam et al., 2009). Letting
the calf suckle on the dam is not considered an appropriate manner to deliver colostrum to the
calf because it is impossible to quantify the amount consumed or test the quality beforehand
(USDA, 2007). Researchers also suggest that when feeding calves small amounts of colostrum,
using nipple feeders leads to better passive transfer, but for calves fed the recommended amount
of colostrum (3 to 4 L), there is no difference in absorption between the use of a nipple feeder or
a oesophageal tube (Godden et al., 2009b).

1.6.3 Use of Colostrum Supplement, Replacer and Additives
In cases when good quality colostrum is unavailable, a variety of commercial products
are available as either colostrum supplements or replacers. Multiple studies have used
commercial products, with varying success of passive immune transfer (Quigley et al., 2002;
Smith and Foster, 2007; Swan et al., 2007). Colostrum supplements are meant to supplement
maternal colostrum and not replace it as they usually contain around 50 g of IgG per dose and a
limited amount of other nutrients, explaining their relatively low price (Godden, 2008).
Colostrum replacers are more expensive, but they generally offer at least 100 g of IgG per dose
along with other nutritional components (Godden, 2008). Overall, the use of a colostrum
replacer/supplement product can be successful at providing adequate passive immune transfer
when the final product fed offers around 200 g of IgG (Godden et al., 2009a; Fidler et al., 2011).
In order to alleviate the negative impact of calving difficulty on passive immune transfer
or enhance the absorption of maternal colostrum or commercial products, different types of
additives have been used with varying success. The addition of selenium to the first feeding of

43

colostrum has been found to increase the IgG absorption in newborn calves, possibly by
alleviating selenium deficiency in these animals (Kamada et al., 2007). Selenium is an important
mineral that promotes the development of the immune system by stimulating antibody
production and lymphocyte proliferation (Spears, 2000; Kamada et al., 2007). The addition of
different types of non-immunoglobulin proteins has also been examined and has been found to
have no effect on passive immune transfer until the total amount of protein exceeded 500 g on
the first feeding, at which point IgG absorption was reduced (Davenport et al., 2000). Gut active
carbohydrates derived from yeast have also been tested to improve calves’ IgG absorption. The
research results have been conflicting, ranging from great improvement to significant reductions
in absorption (Lazarevic et al., 2010; Brady et al., 2015). The addition of sodium bicarbonate to
fresh and replacer colostrum has been widely studied (Morrill et al., 2010; Cabral et al., 2011;
Chapman et al., 2012). Once again, the results have been conflicting; some showed improved
IgG absorption when the dose was 30 g or less with higher doses being detrimental, while some
studies have shown no effect of sodium bicarbonate supplementation (Cabral et al., 2012; 2014;
Murray, 2014).

1.7 RESEARCH OBJECTIVES
Research investigating the management practices currently used on dairy farms is greatly
needed in Canada. This type of research is essential to assess milk producers’ compliance with
the current Code of Practice for dairy cattle and to determine which commonly used management
practices lack scientific research evaluating their effects on dairy cattle. The current literature
provides many recommendations surrounding calving management practices but the translation
of these recommendations into actual on-farm practices may change greatly, based on
convenience and logistical issues. Consequently, the first objective of this thesis was to evaluate
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the prevalence of a number of management practices surrounding calving on a representative
sample of free-stall and tie-stall dairy farms in the Canadian dairy industry.
The second objective of the thesis was to investigate the impact on dairy calves of early
obstetrical assistance provided during calving. The aim of this clinical trial was to evaluate the
effect of assistance provided early during parturition when cows did not present with signs of
calving difficulty. Currently, information is lacking on this topic with only one scientific
publication studying beef animals published in the last 30 years. This objective was divided into
two sub-objectives. The first focused on the effect of early obstetrical assistance on the risk of
stillbirth, vigor score, and passive immune transfer, and the second focused on the impact of the
same management practices on heifer calves’ growth, health, and survival to weaning. The
hypothesis was that early obstetrical assistance given to dairy cows at calving would not have
detrimental effects and potentially be beneficial for their calves.
The third main objective was to investigate the addition of gut active carbohydrates to
colostrum replacer. Previous research showed great potential for this substance to enhance
passive immune transfer in calves, but there was a lack of information on its usefulness in a
production setting. The hypothesis was that supplementing colostrum replacer with gut active
carbohydrates would improve the absorption of serum IgG and subsequently improve the health
and growth of newborn calves.
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2.1 ABSTRACT
Little information is available about current practice around calving in dairy cattle. The
aim of this study was to describe calving management practices in the Canadian dairy industry
related to housing, calving protocols, monitoring of parturition, and calving assistance.
Information was gathered by in-person interviews from 236 dairy farms from 3 Canadian
provinces (Alberta, Ontario, and Québec) with freestalls and an automatic milking system (n =
24), freestalls with a parlor (n = 112), and tie-stalls (n = 100). The most commonly used types of
calving facilities were group calving pens (35%) followed by individual calving pens (30%). Tiestalls were used by 26% of all surveyed producers as their main type of calving area (49% of the
tie-stall, 7% of the freestall with parlor, and 13% of the automatic milking system farms).
Written protocols related to calving were found on only 7% of the farms visited, and only 50% of
those protocols were developed with a veterinarian. However, 90% of producers kept written
records of calving difficulty. Monitoring of cows around calving occurred 5 times more often
during the daytime (between morning and evening milking) compared with nighttime. Cameras
were used to monitor cows around and during calvings on 18% of farms. Sixteen percent of
producers vaginally palpated all animals during calving. Twenty-seven percent of producers
interviewed assisted all calvings on their farms by pulling the calf, and 37% assisted all heifers at
calving. According to the producers’ reported perception, 93% of them had “a minor problem” or
“no problem” with calving difficulties on their farms. This study provides basic data on current
calving practices and identifies areas for improvement and potential targets for knowledge
transfer efforts or research to clarify best management practices.
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2.2 INTRODUCTION
Calving is a critically important event in every dairy animal’s life as it is essential for the
initiation of lactation and the production of replacement heifers. Recent research on calving has
shown the effect of calving difficulty on the health, behaviour, productivity, and welfare of dairy
cows and calves during the pre- and postpartum periods (Schuenemann et al., 2011; Barrier et
al., 2012, 2013).
The Canadian Dairy Code of Practice for the Care and Handling of Dairy Cattle (DFCNFACC, 2009) contains both requirements and recommendations for best practices that have
been established based on scientific evidence and industry-accepted standards. The Code of
Practice requires that calving must take place in an area that provides comfort, insulation,
warmth, dryness, and traction to prepartum cows. The recommended best practices are to ensure
each cow has access to either an individual calving pen or adequate space in a group pen,
equipped with a feeder and a source of water. It also recommends that farmers monitor and
manage group pens to prevent aggressive behaviour between cows. This Code of Practice is
important for improving animal welfare, and information on the adoption of the code’s standards
by the dairy industry in Canada has been reported recently (Vasseur et al., 2015).
The USDA National Animal Health Monitoring System (NAHMS) Dairy 2007 study
found that 60.5% of operations surveyed had general guidelines (not necessarily a standard
operating protocol) on when to intervene during calving and that 91.9% of farms provided
training on calving assistance to their workers (USDA, 2009). Only 70.1% of farms had a
calving area separated from lactating cow housing, with 96.2% of those being group or
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individual calving pens (USDA, 2010a). The study also found that some tie-stall and stanchion
farms left their cows in their usual stalls for calving but did not quantify the use of this practice.
Such an extensive survey has not been done in Canada. A survey restricted to tie-stall
dairy farms in the province of Québec, conducted between 2005 and 2007 (Vasseur et al., 2010),
found that 51.3% of farms used tie-stalls as housing for calving. Considering the frequency of
observation of cows close to calving, they found a median of 3 visits by producers during the day
and 1 during the night. Vasseur et al. (2010) believed that these practices had a negative effect on
calf welfare. They also found that only 8% of producers used cameras to monitor calving
progress. A similar survey on calf management was conducted on 964 dairy farms in Ontario in
2011 (Ken Leslie, University of Guelph, Guelph, ON, Canada; personal communication) and
found that only 31% of farms used individual maternity pens for calving, whereas 11.6% used
group pens, 7.9% either tie-stall or freestall areas, and 29.6% used pasture when appropriate.
These studies suggest that many Canadian producers were not following the Code of Practice in
at least some respects, but more recent and detailed data are needed to determine if practices
have changed.
Unfortunately, the surveys done in Québec and Ontario provided limited information on
management practices surrounding calving, other than type of calving area. In addition, the
previous Canadian surveys did not provide detailed information on the types of calving areas
being used, bedding types, cleanliness in maternity areas, or on the timing and reason for
providing assistance during calving. The NAHMS 2007 survey does provide some information
on calving area bedding management for group and individual calving pens (USDA, 2010b).
This type of information is essential to assess producers’ adoption of science-based best practices
and the potential lack of knowledge, effectiveness of knowledge transfer to the industry, or
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producers’ attitudes toward the adoption of certain practices. Consequently, the objective of this
study was to collect information on the prevalence of several calving management practices used
in the Canadian dairy industry in terms of housing and calving monitoring and assistance.

2.3 MATERIALS AND METHODS
The research ethics boards and institutional animal care committees of the following
institutions approved all procedures used in this study based on the guidelines of the Canadian
Council for Animal Care: University of Guelph (Guelph, Ontario, Canada), Université Laval
(Québec, Québec, Canada), and University of Calgary (Calgary, Alberta, Canada).

2.3.1 Herd Selection and Description
A total of 236 dairy farms from 3 Canadian provinces (Alberta, n = 56, Ontario, n = 90,
and Québec, n = 90) were surveyed for this study. Freestall (n = 136) and tie-stall (TS: n = 100)
housing systems were visited. Among farms using freestall housing, milking was performed
using automated milking systems (AMS: n = 24) or conventional parlors for milking (FS: n =
112). The exact distribution of number of milking cows and the average milk production of the
herds surveyed are shown in Table 2.1. Average milk production per farm was calculated based
on the results of recorded milk production over the 3 previous years (2008–2011).
To be eligible to participate in the study, the herds needed to be enrolled in the regional
dairy herd improvement programs (CanWest DHI in Alberta and Ontario; Valacta Inc. in
Québec); have a minimum of 40 Holstein milking cows in production at the time of the on-farm
assessment; have a minimum average milk production of 7,000 kg/cow per year; and provide no
outdoor access to their lactating animals. These selection criteria were used to ensure that the
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farms surveyed were representative of the Canadian dairy industry. Farms were also selected
based on longevity of their cows, defined by the percentage of cows in third lactation and higher
and the annual replacement rate (Vasseur et al., 2015). For purposes of another study, all the
Alberta farms were participants in The Alberta Hoof Health Project. Participation was voluntary
after an initial contact was made by the research team, through letters mailed (Ontario and
Alberta) or phone calls made by their DHIA advisor (Québec). Following return of letters
indicating producers’ interest in participating in the study, they were interviewed by phone to
determine their admissibility based on additional study inclusion criteria, including having used
their current housing system for at least 1 yr and milking twice a day (other than AMS farms).
Data were collected between January 2011 and April 2012.

2.3.2 Data Description and Collection Procedure
Trained observers (n = 6) completed the survey during a one-on-one interview with the
producer, during a farm visit between January 2011 and April 2012. For each farm enrolled, 1
observer and 1 trained helper (n = 9) visited the farm. A total of 19 questions concerning calving
management practices, mainly covering the time of calving itself, were included as part of a
larger questionnaire. The questions to investigate calving practices were yes/no, multiple choice,
or semi-closed. Producers were also asked to specify the percentage of use (e.g., percentage of
calvings occurring in a given type of calving area) or time (in minutes, hours, or days) to clarify
their answers to some questions. The questions related to 3 main topics of calving management:
calving area; calving monitoring and protocol; and calving difficulties and assistance.
The questions relating to calving area were themselves related to 3 main topics: calving
area type, bedding usage, and cleaning of the calving area. A total of 7 options were given to the
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producers to select the type of calving area: individual calving pen, a specially adapted tie-stall,
group calving pen, tied in a calving pen, regular tie-stall, regular freestall, or other. A specially
adapted calving tie-stall was defined as a modified tie-stall that was wider and longer than the
regular tie-stalls on that particular farm that was used specifically for calving animals. When
more than one type of calving area was used on the same farm, the percentage use for each of the
selected options was detailed by the producers. Questions related to bedding and cleanliness
explored the following: the number of calvings before the addition of bedding; the complete
changing of bedding and washing of the calving area with soap or disinfectant; and the type and
amount of bedding used. When dairy producers were asked how much bedding they used in their
calving area, they were shown a ruler to help them better estimate the depth (cm) of bedding
covering the floor of the calving area. Other questions concerned the amount of time spent by the
cows in the calving area.
The use of calving protocols and protocols on farms were also part of the questionnaire.
Questions on the monitoring of calving and assistance provided, as well as whether difficult
calvings were perceived to be a problem on their farm, using a 4-point scale from not a problem
(1) to a major problem (4), were included. A difficult calving was defined to the producers as a
dystotic calving or assisted with some degree of difficulty.
Four environment-based measures of the calving areas were taken: length and width of
the areas, flooring type, presence of feeding space, and cleanliness. On farms with more than 1
area in which calvings sometimes occurred, up to 4 areas were assessed. Cleanliness of the
calving areas was evaluated on a 3-point scale: clean, acceptable, and unacceptable.
Classification of cleanliness was based on the coverage of manure soiling on the wall and floor
of the calving area and bedding humidity and done using an example chart (Canadian Dairy
66

Research Portal; https://www.dairyresearch.ca/ animal-comfort-tool.php). To be considered
clean, an area had to have no manure soiling on its surface or walls and the bedding had to be
clean and dry. An area classified as acceptable could have some manure soiling on the walls and
surface but the majority of the area had to be dry and clean.

2.3.3 Statistical Analysis
The data were analyzed using Stata 11 (StataCorp LP, College Station, TX) statistical
software. Descriptive statistics were used to estimate mean values, percentage, range, and
confidence intervals for each question in the survey. The prevalence was determined by specific
barn types and herd size for the following calving practices: the type of calving area used, the use
of a camera for calving monitoring, having a calving protocol, keeping records of calving
difficulties, recalling calculated incidence of calving difficulty (based on producers’ memory of
the past year), and reasons for obstetrical intervention. Herd size was dichotomized as less than
or equal to or greater than (≤ vs. >) the median number of lactating cows for all the farms visited
(median = 82). Before statistical analysis, the answers to each question were examined to detect
aberrant and missing results.
Simple logistic regression models were generated to assess the association of barn type
and herd size on keeping records of calving difficulties, the use of cameras for monitoring
calving, the practice of assessing all cows for problems at calving and assisting all cows or all
heifers at calving. Multinomial logistic regression was used to assess the association between
herd size and barn type on main type of calving area used. Multinomial logistic regression was
also used to assess the association between herd size, barn type, and type of calving area on the
time of movement of cows to the calving area and the association between herd size, barn type,
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and record keeping on perceived level of calving problem on the farm. Barn type and herd size
(dichotomized) were forced into all models, as they were the main predictors of interest.
Biologically possible interactions between these predictors were also investigated. The
significance level to retain variables or their interaction terms was α = 0.05.

2.4 RESULTS

2.4.1 Characteristics of Farms Enrolled
The characteristics of farms per housing type for milking cows, and type of barn are
presented in Table 2.1. The number of milking cows was unavailable for 4 of the 24 AMS farms
and for 3 of the 112 FS farms. The average 305-d milk yield was unavailable for 7 AMS and 3
FS farms. Overall, FS farms had a greater median number of cows and average milk production.

2.4.2 Calving Area Characteristics
Producers were asked where their cows calved, based on their memory of the last 365 d
of calvings. The most commonly used types of calving areas were group calving pens in FS
farms, individual calving pens in AMS farms, and tie-stalls in TS farms (Table 2.2). Overall, the
most common type was group calving pens. Tie-stalls used for calving included regular stalls
and those that were specially adapted for calving. The “other” type category also included
bedded pack, dry lot, and pasture. When 2 types of calving areas were used equally (same % of
calving), these farms were classified as using “50/50” type calving areas. More than one type of
calving area was used on 47% of farms, and the percentage of use for each of the selected
options was detailed by the producers based on their memory of a complete year of calving.
Regular freestall was the location where the least number of calvings occurred, whereas group
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pen was where most of the calvings happened (Table 2.3). Larger farms had significantly greater
odds of using group pens than individual calving pens. The odds of using tie-stalls for calving
compared with individual calving pens was significantly greater on TS farms compared with
AMS and FS farms (Table 2.4).
Straw was used as bedding in the calving area on 75% of the farms visited (95% CI:
69.0–80.4), whereas a mix of wood shavings and straw was used on 8.5% of farms (95% CI:
5.3–12.8), wood shavings alone in 7.2% (95% CI: 4.3–11.3), sawdust in 6.4% (95% CI: 3.6–
10.3), and sand alone by only 1.3% of producers (95% CI: 0.3–3.7). The other types of bedding
used were chopped hay, dried manure, peat moss, and a variety of mixed bedding types.
The average reported bedding depth across bedding type, barn type and herd size was 16
cm (n = 223; 95% CI: 14.5–17.6). Depending on the type of bedding, the highest average amount
of bedding was seen with sand (n = 2; mean = 40 cm; range 30–50 cm) and lowest with wood
shavings (n = 15; mean = 10.9 cm; 95% CI: 5.5–16.2). Straw bedding users covered their calving
area with an average of 16.6 cm of straw (n = 171; 95% CI: 14.8–18.3).
In terms of adding bedding and cleaning the calving area, bedding was added, on
average, every 2 calvings (n = 228; 95% CI: 1.4–2.2) and completely changed every 15 calvings
(n = 206; 95% CI: 11.8–18.0). Only 8% of the producers surveyed washed their calving area and
this was done, on average, every 61 calvings (n = 17; 95% CI: 10.6–111.6). Disinfection
occurred on 12.3% of the farms visited and this was done, on average, every 34 calvings (n = 27;
95% CI: 18.7–48.7). Bedding management differed by type of calving area; tie-stall users usually
changed the bedding completely between each calving (Table 2.5).
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A total of 385 calving areas were visually evaluated on 194 farms for the presence of a
working source of drinking water and feeding space, to assess flooring type, and document
cleanliness. A minimum of 1 and maximum of 4 calving areas were evaluated on each farm
(mean = 1.9; 95% CI: 1.7–2.0). Within the 220 farms evaluated, 8 used their regular freestall or
tie-stall as a calving area. In total, 48.6% (n = 187; 95% CI: 37.8–48.2) of the areas evaluated
were individual calving pens, 30.1% (n = 116; 95% CI: 25.4–35.0) were group pens, 10.1% (n =
39; 95% CI: 8.2–15.0) were adapted calving tie-stalls, and 11.2% (n = 43; 95% CI: 2.8–7.4) were
calving tie-stalls.
Almost every calving area evaluated was equipped with a working source of drinking
water (97%; 95% CI: 94.9–98.7) and a feeding area (97%; 95% CI: 94.2–98.3). Concrete was the
most commonly used type of flooring in calving areas (34%; 95% CI: 29.2–39.3) followed by
bedded pack, with or without a concrete feeding alley (23%; 95% CI: 18.8–27.8), and rubber
mats (19%; 95% CI: 14.7–23.0). Other main types of flooring recorded were geotextile
mattresses (12%; 95% CI: 8.7–15.7), soil (7%; 95% CI: 4.6–10.2), and sand (4%; 95% CI: 2.2–
6.5). The most common flooring in adapted calving tie-stalls and regular tie-stalls used for
calving were geotextile mattresses (41%; 95% CI: 28.6–55.1) and rubber mats (43%; 95% CI:
30.2–56.8), respectively. Concrete flooring was used most commonly in the other calving area
types.
When cleanliness of the calving areas was evaluated, in total, 32% (95% CI: 26.7–36.6)
of the 356 areas evaluated were classified as clean, 46% (95% CI: 40.5–51.1) as acceptable, and
23% (95% CI: 18.5–27.5) as unacceptable.
Table 2.6 summarizes the length, width, and calculated surface of the calving areas
measured on 220 farms (n = 385 calving areas). As expected, group calving pens had the longest
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dimensions, followed by individual calving pens and adapted tie-stalls. The exact shapes of the
calving areas measured were not noted by observers, but the surface area available to the cows
during calving was approximated by multiplying the length and width of the area measured. The
average area of group calving pens was 7 times larger than the average area of individual pens
(140 vs. 20 m2). Specially designed tie-stalls provided on average 1 m2 more space to the cow
calving compared with regular tie-stalls (3.3 vs. 2.3 m2).

2.4.3 Use of Calving Area
Producers were asked when the cows and heifers were brought to the calving area (n =
216 responses). Overall, 42% (95% CI: 35.0–48.5) of the producers said they brought their cows
at the start of the prepartum period, 3 wk before their due date, and 25% (95% CI: 19.4–31.3)
said they moved the cows when the first signs of calving were detected. First signs of calving
could be anything from restlessness and udder fill to bloody mucus, amniotic sac, or part of the
calf emerging from the vagina. Producers using individual calving pens most often brought their
cows into the calving pen when the first signs of calving were detected (47.9%; 95% CI: 35.9–
60.1), whereas group pen (58.0%; 95% CI: 46.5–68.9) and tie-stall (55.8%; 95% CI: 39.9–70.9)
users most often used the start of the prepartum period to determine when to bring cows to the
calving area. In fact, producers using a group pen or tie-stall were significantly more likely to
bring their cows to the calving area either at the start of the dry-off period or the close-up period
rather than when the first signs of calving were detected, compared with individual pen users
(Table 2.4).
When asked the same question in terms of hours or days before calving, the mean time
cows spent in the calving area was 14.5 d, ranging from 1 h to 70 d (n = 204; 95% CI: 12.3–
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16.7d). This varied greatly depending on the type of calving area. After calving, the average time
cows spent in the calving area was 47.3 h, ranging from <1 h to 15 d (n = 211; 95% CI: 38.6–
56.0 h).
Overall, cows calving in group calving pens were provided deeper bedding but the least
frequent complete change of bedding. Tie-stalls used for calving were found to be generally
cleaner where cows spent more time before and after calving compared with individual and
group pens (Table 2.5).

2.4.4 Calving Monitoring
The average reported number of times the calving area was checked during the day (i.e.,
between the morning and the afternoon milking or chores) was 6.3 (95% CI: 5.6–7.0). The
average reported number of times the calving area was checked during the night (i.e., between
the afternoon and the morning milking or chores) was 1.7 (95% CI: 1.5–1.8). These observations
included any live observations by an individual and those done using a camera.
Cameras were used to monitor cows during calving on 18% of farms (95% CI: 13.5–
23.7). The AMS farms used cameras significantly more often (38%; 95% CI: 18.8–59.4)
compared with FS farms (17%; 95% CI: 10.5–25.2), and TS farms (15%; 95% CI: 8.6–23.5), but
herd size did not significantly influence the use of cameras (Table 2.7).

2.4.5 Calving Protocol
Sixteen of the 236 farms surveyed (7%; 95% CI: 3.9–10.8) had written protocols for
calving. More specifically, 11% (95% CI: 4.8–16.2) of farms over the median size had calving
protocols, compared with only 3% (95% CI: −0.3–5.6) of smaller farms. Within the 16 farms that
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had a protocol, 50% had developed their protocol in consultation with a veterinarian. When
investigating the content of the protocols, 81% (95% CI: 54.4–96.0) of them included both a
method for calf pulling and instructions for when and how to assist cows during a difficult
calving. The use of lubricant and gloves was specified in 69% (95% CI: 41.3–89.0) of the
protocols. Six producers (37.5%; 95% CI: 15.2–64.6) had other items in their calving protocol,
including treatment for the cows after calving, calf separation method, colostrum testing, and
colostrum feeding.

2.4.6 Calving Difficulties and Assistance
Most producers used vaginal palpation to detect a problem during calving for all their
animals when the amniotic sac (water bag) had broken and calving had not progressed or when
the cow was straining without progress for “too long.” The average waiting time to palpate was
81 min after the amniotic sac had broken or 89 min after the cow was first seen straining, with a
waiting time ranging from 5 min to 11 h (Table 2.8). A total of 15.7% (95% CI: 11.3–21.0) of
respondents always performed vaginal examinations on their cows at calving (on all animals);
this practice was significantly more common on TS farms compared with FS farms (Tables 2.7
and 2.8).
Producers were asked when they assisted their cows at calving with 7 choices of answers.
Table 2.9 presents the distribution of the reasons for assistance globally, by farm type, and by
herd size. Interestingly, 26.7% (95% CI: 21.2–32.8) of producers answered they assisted all their
cows during calving by pulling the calves, as a systematic procedure. A significant interaction
was found between farm type and herd size for the odds of this practice, leading to the practice
being more frequent on the larger TS farms than any other combination of type and size of farms
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[odds ratio (OR) = 15.1 when compared with small AMS farms (P = 0.005; 95% CI: 2.3–100.3);
OR = 6.6 when compared with small FS farms (P = 0.017; 95% CI: 1.4–31.1); Table 2.7]. The
farms that were the least likely to assist all their cows were the larger FS farms [OR = 0.16 when
compared with large AMS farms (P = 0.029; 95% CI: 0.3–0.83); OR = 0.04 when compared with
large TS farms (P < 0.001; 95% CI: 0.01–0.17); Table 2.7]. The remaining 73% (95% CI: 67.2–
78.8) of producers answered that they assisted a cow only after checking her and finding a
problem. A total of 38% (95% CI: 17.1–27.8) of producers surveyed gave assistance every time a
heifer (primiparous cow) was calving. The odds of assisting all primiparous animals were
significantly greater in AMS farms compared with FS farms but not compared with TS farms
(Table 2.7). Other cited reasons for providing assistance at calving were a large calf, the cow was
experiencing milk fever (i.e., hypocalcemia), and the calving was not progressing.
When assisting a cow with a difficult calving, producers most frequently used a calving
jack (39%; 95% CI: 32.8–45.6), followed by ropes (31%; 95% CI: 24.6–36.8) or chains (25%;
95% CI: 19.1–30.5) without a jack, and chains with a bar (4%; 95% CI: 2.1–7.8). Only 2% (95%
CI: 0.5–4.3) of producers surveyed generally called a veterinarian to assist during difficult
calvings.
Management practices investigated also included keeping records of calving difficulties
and the proportion of difficult calvings occurring on each farm visited (n = 230). Producers were
asked to recall how many animals calved during the past year and how many had a difficult
calving. In this case, difficult calving was defined to the producers as dystotic calving or assisted
with some degree of difficulty. Farms that kept records of calving difficulties reported an
estimated calving difficulty incidence of 8% (95% CI: 7.5–9.1), whereas farms that did not keep
records reported an incidence of 7% (95% CI: 4.6–8.3; Table 2.10). Producers were asked if they
74

thought that calving difficulty was a problem on their farm. Overall, the majority of producers
stated they had a minor problem with calving difficulty on their farm (Table 2.11). The
distribution of the calculated percentage of cows experiencing calving difficulty as recalled by
perceived level of calving difficulty and proportion of farms keeping records in each of those
categories is shown in Table 2.11. Producers with larger herds were less likely to classify
themselves as having a minor problem than no problem with calving difficulties compared with
producers with smaller herds (Tables 2.4 and 2.11). However, there was no significant
relationship between herd size and an owner stating they had a moderate problem versus no
problem with calving difficulties. Producers of AMS farms were also significantly more likely
than FS farms to classify themselves has having a moderate problem with calving difficulties
compared with no problem (Table 2.4).

2.5 DISCUSSION
This survey gathered information on current practices related to calving management on
different types of dairy farms in Canada. It has allowed us to estimate the prevalence of some
known practices, such as the use of tie-stalls as calving areas, and has uncovered the prevalence
of practices for which very little information is available, including systematic assistance to all
cows calving. The use of tie-stalls during calving and systematic assistance are two practices that
are generally considered to be potential risk factors for welfare, but very little research has been
published on the subject (Vasseur et al., 2010; Fishwick, 2011).
Almost two-thirds of farms used a dedicated area for calving, with almost equal numbers
of farms using an individual pen and a group pen. Not surprisingly, larger farms were more
likely to use group pens than individual pens. These results parallel those from the United States
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(USDA, 2010a) but differ from a survey conducted in Ontario, which found that 31% of
producers used individual pens and 12% used group pens (Ken Leslie, University of Guelph,
Guelph, ON, Canada; personal communication). Currently, the Canadian Dairy Code of Practice
does not specifically require or recommend the use of one particular type of calving pen (DFCNFACC, 2009). It is unclear whether individual or group calving pens should be recommended
to producers; both types seem to be appropriate as long as they accommodate the behavioural
needs of the animals, avoid crowding, and provide a clean environment (Cook and Nordlund,
2004). Good management of the space available per cow (11 m2 of lying area with clean fresh
bedding added daily) in group maternity areas should avoid aggressive behaviour between cows
and toward newborn calves and address cleanliness issues.
About half of the tie-stall farms purposely used a tie-stall for calving, which was also
found by Vasseur et al. (2010). However, a smaller number of freestall and AMS farms also used
a tie-stall for calving in this survey. This could be either a normal tie-stall or one designed
specifically for animals during calving (usually wider and longer than normal tie-stalls). For
cows usually kept in tie-stalls, the use of this type of calving area could minimize any negative
effects that could be caused by the change of environment (Mee, 2004) but it reduces the
freedom of movement that might be greatly needed by cows as their activity increases
significantly before parturition. Some freestall farms also used tie-stalls with animals that may
not be used to being tied, potentially leading to further negative welfare for those cows.
Interestingly, 15% of the farms with alternative areas for calving still preferred to use a tie-stall
as their main calving area for the entire calving process. The prevalence of tie-stall usage for
calving is concerning, as Vasseur et al. (2010) suggested that the use of tie-stalls for the calving
area was a risk factor for poorer calf welfare and reduced cleanliness and dam comfort during
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calving. The exact impact of this practice on the behaviour of cows and calving performance is
unknown, but it seems reasonable that the mobility of cows and potentially their ability to find a
comfortable position to expulse the fetus could be negatively affected by tethering (Vasseur et
al., 2010). Knowing that cows can be very restless before and during parturition and that stress
around calving can increase the risk of dystocia (Mee, 2004), an investigation into the effect of
using tie-stalls and adapted tie-stalls as calving areas would be beneficial for the welfare of the
animals and producers.
In the current study, only 10.6% of producers used regular freestalls as a calving
environment. Only 4 (1.7%) of the farms surveyed had 50% or more of their cows calving in
regular freestalls, which is very different from the results of a Norwegian study that found most
dairy farms using this practice (Kjæstad and Simensen, 2001). The use of freestall housing for
calving is not encouraged because being born in a loose housing pen has been found to increase
the risk of diarrhea in calves younger than 15 d by 4.6 times and by 2.5 times in calves up to 90 d
of age compared with calves born in maternity pens (Curtis et al., 1988).
Specially designed tie-stalls provided on average 1 m2 more area to the calving cow than
normal tie-stalls by being generally slightly longer and wider. Unfortunately, producers using
group calving pens were not asked the average or maximum number of cows that might have
been housed at the same time in the group calving pens. It was therefore impossible to calculate
the average stocking density or space available per cow in group calving pens to compare them
to the industry recommendation of a maximum of 100% stall-based stocking density and a
minimum of 11 m2 (120 square feet) of lying area per cow (Cook and Nordlund, 2004). The
average area of the individual calving pens was 20.5 m2, and only 6% of these pens provided less
than the recommended 11 m2.
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It has been recommended that cows spend 1 or 2 d before calving in the calving area to
allow them to fulfill their natural isolation-seeking behaviour without compromising the
cleanliness and management of the calving area (Mee, 2004). Also, it is important to note that
field observations have shown that cows spending 3 d or more in the maternity pen had an
elevated risk of ketosis, displaced abomasum, and elevated blood nonesterified fatty acid
concentrations (Cook and Nordlund, 2004). Most of the farms surveyed in this study brought
their periparturient animals to the calving area a minimum of 3 wk before the expected calving
date. This practice was significantly different between farm types, with tie-stall and group
calving pen users more commonly bringing their cows a minimum of 3 wk before calving
compared with those using individual calving pens, who usually brought their cows to these pens
at the visible onset of calving. This represents one potential advantage of using tie-stalls as a
calving area; they might be easier to keep clean compared with individual or group calving pens
due to their smaller size, and therefore avoid the inconvenience of having cows remain longer in
the calving environment. Also, recent findings suggest that moving cows during the late part of
stage I of labor leads to longer stage II labor (delivery), increased need for assistance, and
increased dystocia rates and stillbirth rates (Carrier, 2007; Proudfoot et al., 2013).
The use of bedding in the calving area is the main means to provide comfort, insulation,
warmth, dryness, and traction, as required by the Canadian Code of Practice (DFC-NFACC,
2009). Straw was used by 75% of producers as bedding in their calving area, at an average depth
of 17 cm. Cleanliness of the calving area is also of major importance for the comfort and safety
of the animals. Removal of old bedding in the calving area has been found to reduce the
incidence of calf diarrhea and Johne’s disease (Frank and Kaneene, 1993; McKenna et al., 2006).
Of the farms surveyed, very few producers washed their calving area with soap or disinfected the
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area. On the other hand, bedding was added to the calving area by most producers after every
second calving and removed completely, on average, after every 15 calvings. These cleaning and
bedding management practices are not optimal to avoid transmission of disease, but 78% of the
calving areas evaluated had an acceptable or higher cleanliness score.
Very few farms (7%) had a written calving protocol, which is almost 9 times lower than
in the United States (USDA, 2010a). This difference is unlikely to be related to the difference in
size between the average Canadian and American dairy operation surveyed because 62% of the
farms in the NAHMS survey that had fewer than 100 milking cows also had some sort of calving
protocol (USDA, 2010a). The observed difference could be explained partly by the number and
type of workers on the farm. The current survey did not collect specific information on the farms
employees but the Canadian dairy industry is still mainly constituted of owner/ operator dairies
with very few, if any, employees that are not direct family. This may lead farmers to
underestimate the importance of calving protocols and could explain the small number of farms
with such a protocol.
Monitoring of cows during the prepartum period is important to detect signs of the onset
of calving. Monitoring cows after the onset of parturition is also important for detecting a lack of
progress or signs of other problems. Monitoring can be done in-person or remotely with the use
of cameras. In the current survey, 18% of farms used cameras to monitor calving, which is
higher than that recorded by Vasseur et al. (2010) in tie-stall farms in Québec. It has been
recommended that after detecting the onset of calving, cows should be monitored approximately
every 3 to 6 h to detect the onset of the second stage of labor (appearance of the chorio-allantoic
membrane and complete expulsion of the calf; Mee, 2004). According to previous studies, cows
in active labor should show evident progress every 15 min during a normal calving
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(Schuenemann et al., 2011). If progress is normal, discrete monitoring is recommended every 30
min or continuously if possible (Mee, 2008a). Producers interviewed for this survey monitored
calving a median of 5 times during the day but only once during the night. The AMS farms were
more likely to use cameras to do some of this monitoring. Because the question did not
distinguish between monitoring of cows before or during calving, it is difficult to accurately
assess the use of best management practices.
It has been recommended that all cows be examined during stage II of labor to check the
position, vigor, and size of the calf, as well as the degree of dilation of the vagina and vulva
(Mee, 2004). This management practice was followed by 16% of the producers surveyed in the
current study and was most frequently done on tie-stall farms. The remaining producers
vaginally checked their cows and heifers when no significant progress was made after a certain
amount of time, varying from 5 min to 10 h. Mee (2004) recommends giving assistance to cows
approximately 2 h after the onset of stage 2 labor. Schuenemann et al. (2011) found that assisting
70 min following the appearance of the amniotic sac or 65 min after the appearance of feet
reduced the incidence of stillbirth when combined with adequate obstetrical examination and
assistance. The same authors stated that earlier intervention has the potential to prevent stillbirth
as well as dam injury in some cases. In the present study, 27% of producers assisted all cows at
calving. This practice was more prevalent than expected and more common on larger farms.
There is very little information available on the prevalence of this practice on dairy farms in
other parts of the world, or on its health and welfare effects on cows and calves. Unfortunately,
neither the exact timing nor the protocol used for systematic assistance was recorded in this
survey.
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When asked about the importance of calving difficulties as a problem on their farms, no
producers answered that they had a major problem and most stated they had a minor problem or
no problem at all. When they were asked about the number of cows that experienced calving
difficulty on their farms, producers answered that up to one-third of their animals experienced
some form of dystocia. Interestingly, more producers that did not keep written records of
difficult calvings judged that calving difficulties were not a problem on their farms compared
with the ones that did but this finding was not statistically significant. Also, all producers who
stated that they had a moderate problem of calving difficulties did keep written records. This
incidence of calving difficulties (33%) could be considered a significant problem because the
incidence reported in the literature for American Holsteins was 13.7% for cows and 22.6% for
heifers (Gevrekci et al., 2006; Mee, 2008b). Calving difficulties were not viewed as an important
problem by producers, perhaps because they are not aware of the impacts and cost of this
problem. The costs of calving difficulties, especially slight difficulties, are not as easily
measured and are not as direct as other problems such as lameness or poor reproduction, but
difficult calvings have been found to increase the risks of metritis and culling and to reduce
fertility and milk production in the cows (Benzaquen et al., 2007; Bicalho et al., 2007; McGuirk
et al., 2007). Difficult calvings have also been found to increase risks of mortality and morbidity
in newborn calves (Berglund et al., 2003; Lombard et al., 2007). Overall costs of a very difficult
calving have been estimated to be up to about $800 per case (McGuirk et al., 2007).
Participation in this study was voluntary. The proportion of farms for each type was
predetermined by the researchers to be representative of the prevalence of each type in their
respective provinces and covered the main housing and milking types used in Canada. This type
of enrollment in the study could have led to some selection bias because it was not a truly
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random selection process, but the final sample of farms visited was a reasonable representation
of the current dairy industry in Canada based on average milk production, herd size, and breed.
The average milk production for the farms enrolled in this study was 9,356 kg of milk per year,
which was slightly lower than the 2011 Canadian average of Holstein herds with DHIA
supervision records (9,975 kg) (AAFC, 2012). The average herd size of farms enrolled in this
study was equal to the Canadian average according to statistics published by the Canadian dairy
industry (AAFC, 2012; 82 vs. 82.3 milking cows, respectively).
For some of the questions, misclassification bias might have occurred in this study due to
the social desirability of some practices, in the sense that producers might modify their answers
to be consistent with the greater industry’s code of practice. However, in the present case, this
type of misclassification is unlikely as the recommended best practices for calving management
are vague in the Code of Practice and therefore the potential “ideal” response to the questions
would not be obvious. Overall, most producers followed the recommended best practices from
the Dairy Code of Practice, although these are broad and not prescribed in detail.

2.6 CONCLUSIONS
The most commonly used types of calving areas across Canada were group and
individual calving pens—the 2 types recommended in the Code of Practice. In contrast, the use
of tie-stalls was also common practice on 26% of dairy farms surveyed, a practice believed to
impair animal welfare. Almost all farms kept records of calving difficulties, which is desirable as
these can be used as an indicator of welfare around calving as well as an indicator of prepartum
management. Only 7% of farms had a written calving protocol, which is concerning if the
existence of guidelines for calving is an important part of a calving management program
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designed to reduce the potential welfare problems associated with calving. Some of the
management practices, such as assisting every cow at calving, were more prevalent than
expected and no recent scientific research has been published on their implications, good or bad.
This manuscript describes current management practices around calving and will allow the
scientific community to plan future research according to the gaps identified. It also underlines
management points that are well studied but require better extension programs to transfer the
knowledge to producers; for example, the use of protocols for assistance at calving.
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Table 2.1: Characteristics of dairy farms enrolled in the study by herd size and barn type
Number of milking cows
No. of farms Min Q21 Median
Q32
Max
Min
3
≤ Median
115
41
51
61
69
82
7,048
AMS4
13
48
62
67
72
82
8,121
Free-stall
17
44
54
68
72
81
7,630
Tie-stall
85
41
51
58
64
82
7,048
˃ Median5
114
83
103
131
182
504
7,375
AMS4
7
97
102
133
224
283
8,192
Free-stall
92
83
112
141
213
504
7,375
Tie-stall
15
83
87
89
98
115
8,413
Total6
236
41
61
82
130
504
7,048
AMS4
24
48
64
73.5
111
283
8,121
Free-stall
112
44
96
130
172
504
7,375
Tie-stall
100
41
51
61
71
115
7,048
1
Q2 = 25th percentile.
2
Q3 = 75th percentile.
3
Herd size the median herd size of 82 lactating cows.
4
AMS = Automatic milking system.
5
Herd size greater than the median herd size of lactating 82 cows.
6
Data unavailable for 7 AMS and 3 free-stall farms.

Milk production (kg)
Q21
Median
Q32
8,598
9,240
9,744
8,967
9,565
10,061
8,379
9,517
10,120
8,628
9,162
9,644
8,949
9,487
10,152
8,480
9,040
9,586
9,010
9,621
10,172
8,656
9,009
10,030
8,725
9,356
10,002
8,828
9,389
9,808
8,931
9,517
10,172
8,631
9,153
9,691

Max
11,862
10,586
10,579
11,862
11,941
9,808
11,941
11,202
11,941
10,586
11,941
11,862
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Table 2.2: Percentage, with 95% confidence interval (CI), of farms that used each type of calving area as their main calving area
divided per barn type, by farm size, and in total (n = 236)
AMS
(n = 24)
% farms
95% CI
50.0
29.1 – 70.9
33.3
15.6 – 55.3
4.2
0.1 – 21.1

Free-stall
(n = 112)
% farms
95% CI
25.9
18.1 – 35.0
55.4
45.7 – 64.8
4.5
1.5 – 10.1

Tie-stall
(n = 100)
% farms
95% CI
30.0
21.2 – 40.0
12.0
6.4 – 20.0
33.0
23.9 – 43.1

Type of calving area
Individual pen
Group calving pen
Regular tie-stall
Specially adapted
8.3
1.0 – 27.0
2.7
0.6 – 7.6
16.0
tie-stall
Regular free-stall
0.0
2.7
0.6 – 7.6
0.0
Other
4.2
0.1 – 21.1
2.7
0.6 – 7.6
4.0
50/501
0.0
6.3
2.5 – 12.5
5.0
1
Farms where 2 types of calving area were reported to be used equally.

≤ median herd size
(n = 114)
% farms
95% CI
36.5
27.7 – 46.0
16.5
10.3 – 24.6
13.9
8.2 – 21.6

˃ median herd size
(n = 115)
% farms
95% CI
21.9
14.7 – 30.6
52.6
43.1 – 62.1
4.4
1.4 – 9.9

Total
(n = 236)
% farms
95% CI
30.1
24.3 – 36.4
34.7
28.7 – 41.2
16.5
12.0 – 21.9

9.4 – 24.7

26.1

18.3 – 35.1

7.9

3.7 – 14.5

8.9

5.6 – 13.3

1.1 – 9.9
1.6 – 11.3

0.0
3.5
3.5

1.0 – 8.7
1.0 – 8.7

2.6
3.5
7.0

0.5 – 7.5
1.0 – 8.7
3.1 – 13.4

1.3
3.4
5.1

0.3 – 3.7
1.5 – 6.6
2.7 – 8.7
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Table 2.3: Proportion estimated by the producers of calvings on 236 farms that occur in each
type of calving area
Percentage of calvings that took place in this type of
area1
Number of farms with
Type of calving area
this type of calving area
Mean
Min - Max
95% CI
Individual pen
111
67.4
1 - 100
61.0 – 73.8
Group calving pen
102
85.2
5 - 100
73.2 – 97.2
Specially adapted tie-stall
25
81.7
2 - 100
75.7 – 87.6
Regular tie-stall
58
71.6
1 - 100
61.6 – 81.7
Regular free-stall
25
18.2
1 - 100
7.0 – 29.3
Other
31
33.1
1 - 100
19.6 – 46.6
1
Farms could have more than one and up to all six locations in which calving occurred at least occasionally
(planned or unplanned for the location).
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Table 2.4: Multivariable multinomial logistic regression models investigating the impact of farm
type, herd size and in some cases type of calving area used or keeping written records of difficult
calvings on the odds of using a certain type of calving area, of moving cows at a specific
moment to the calving area and of producers classifying their farm as having a different level of
calving difficulty
Model / predictors
Odds ratio (SE)
Model 1: Odds of using a certain type of calving area (n = 206)
Type of calving area
Individual calving pen (referent outcome)
Group calving pen
Barn type
AMS
0.61 (0.4)
Free-stall
Referent
Tie-stall
0.42 (0.2)
Herd size
≤ median herd size
Referent
˃ median herd size
3.22 (1.5)
Tie-stall (specially adapted or regular)
Barn type
AMS
1.54 (1.3)
Free-stall
Referent
Tie-stall
8.51 (5.2)
Herd size
≤ median herd size
Referent
˃ median herd size
1.79 (1.0)
Model 2: Odds of moving cows at a specific event to the calving area (n = 169)
Time of movement
When first signs of calving are detected (referent
outcome)
At dry-off
Barn type
AMS
0.00 (0.0)
Free-stall
Referent
Tie-stall
7.30 (6.7)
Herd size
≤ median herd size
Referent
˃ median herd size
0.90 (0.8)
Type of calving area used
Individual pen
Referent
Group pen
43.07 (44.5)
Tie-stall (specially adapted or regular)
33.05 (31.3)
At the start of the prepartum period (3 weeks prior
calving)
Barn type
AMS
0.74 (0.6)
Free-stall
Referent
Tie-stall
4.91 (3.3)
Herd size
≤ median herd size
Referent
˃ median herd size
0.87 (0.55)
Type of calving area used
Individual pen
Referent
Group pen
33.45 (21.0)
Tie-stall (specially adapted or regular)
11.50 (7.3)

95% CI

P-value

0.2 - 2.0

0.419

0.2 - 1.2

0.096

1.3 - 8.0

0.012

0.3 - 7.7

0.602

2.6 - 28.1

< 0.001

0.6 - 5.3

0.293

-

0.988

1.2 - 43.7

0.029

0.2 - 4.8

0.905

5.7 - 327.0
5.2 - 211.7

< 0.001
< 0.001

0.2 - 3.4

0.694

1.3 - 18.7

0.020

0.3 to 3.0

0.826

9.8 - 114.5
3.3 - 40.2

< 0.001
< 0.001
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Model 3: Odds of producers classifying their farm to different levels of calving difficulty (n = 229)
Level of calving difficulties
Not a problem
Referent
Minor problem
Barn type
AMS
1.17 (0.8)
0.3 - 4.3
Free-stall
Referent
Tie-stall
0.92 (0.4)
0.4 - 2.2
Herd size
≤ median herd size
Referent
˃ median herd size
0.4 (0.2)
0.2 - 0.9
Keep written records of difficult calvings
Yes
Referent
No
0.50 (0.2)
0.2 - 1.2
Moderate problem
Barn type
AMS
9.70 (9.0)
1.6 - 59.2
Free-stall
Referent
Tie-stall
3.35 (2.6)
0.7 - 15.5
Herd size
≤ median herd size
Referent
˃ median herd size
1.44 (1.0)
0.4 - 5.7
Keep written records of difficult calvings
Yes
Referent
No
0.00 (0.0)
-

0.809
0.842

0.035

0.128

0.014
0.122

0.604

0.985
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Table 2.5: Calving area management characteristics based on the type of calving area used
n
Bedding management
Depth of bedding (cm)
Calvings between addition (n)
Calvings between complete change (n)
Cleanliness score (% of calving area)
Clean
Acceptable
Unacceptable
Time spent in the calving area
Before calving (days)
After calving (hours)

Individual pen
Mean
95% CI

n

Group pen
Mean
95% CI

Tie-stall (regular or adapted)
n
Mean
95% CI

68
71
63

16.9
1.7
11.3

14.4 – 19.4
0.8 – 2.7
7.0 – 15.6

77
79
71

20.1
2.5
26.7

17.1 – 23.1
1.8 – 3.3
20.1 – 33.2

56
55
55

9.3
1.0
1.0

6.5 – 14.6
-

152
152
152

22.4
50.6
27.0

16.0 – 29.8
42.4 – 58.9
20.1 – 34.8

110
110
110

28.7
46.3
25.0

20.4 – 38.2
37.7 – 57.0
17.2 – 34.3

61
61
61

60.4
36.2
3.4

47.3 – 72.9
24.2 – 49.4
0.4 – 11.3

71
71

5.7
38.8

3.5 – 7.9
28.8 – 48.7

76
82

17.6
37.7

14.3 – 20.8
24.8 – 50.6

37
37

24.2
93.6

15.4 – 31.8
48.0 – 139.2
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Table 2.6: Sizes of pens and stalls used for calving on 220 farms

Individual calving pen
Length
Width
Area (m2)
Group calving pen
Length
Width
Area (m2)
Specially adapted tie-stall
Length
Width
Area (m2)
Regular tie-stall
Length
Width
Area (m2)

No. of areas measured
187

Mean

Measure (cm)
Min – Max

492.8
410.5
20.5

275 – 1,205
240 – 855
8.7 – 82.1

468.4 – 517.2
396.0 – 425.0
19.1 – 21.9

1,330.9
821.5
140.0

331 – 9,040
230 – 5,640
11.1 – 1,314.1

1,111.1 – 1,550.7
701.1 – 941.9
96.3 – 183.7

212.3
158.6
3.3

180 – 345
127 – 286
2.5 – 9.9

198.3 – 226.3
147.3 – 19.9
3.0 – 4.0

179.7
126.9
2.3

157 – 223
104 – 147
1.8 – 3.3

203.3 – 359.6
156.9 – 293.7
2.2 – 2.4

95% CI

116

39

43
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Table 2.7: Multivariable logistic regression models investigating the impact of barn types and
herd size on the odds of using a camera to monitor calvings, always vaginally palpate cows at
calving, routinely assist all calving and routinely assist all primiparous cows only at calving
Model / predictors
Model 1: Use of a camera to monitor calving (n = 221)
Barn type
AMS
Free-stall
Tie-stall
Herd size
≤ median herd size
˃ median herd size
Model 2: Always vaginally palpate cows at calving (n = 228)
Barn type
AMS
Free-stall
Tie-stall
Herd size
≤ median herd size
˃ median herd size
Model 3: Routinely assist all calvings (n = 229)
Barn type
AMS
Free-stall
Tie-stall
Herd size
≤ median herd size
˃ median herd size
Barn type * Herd size
AMS * Herd size
Free-stall * Herd size
Tie-stall * Herd size
Model 4: Routinely assist all primiparous cows only (n = 229)
Barn type
AMS
Free-stall
Tie-stall
Herd size
≤ median herd size
˃ median herd size

Odds ratio (SE)

95% CI

P-value

3.86 (2.2)
Referent
1.10 (0.5)

1.3 - 11.9

0.019

0.4 - 2.9

0.841

0.6 - 3.7

0.382

0.5 - 10.3

0.258

1.7 - 14.0

0.004

0.6 - 3.9

0.423

0.1 - 2.7

0.375

0.4 - 4.3

0.579

0.1 - 1.0

0.051

14.09 (17.7)
Referent
16.37 (14.5)

1.2 - 164.2

0.035

2.9 - 93.2

0.002

4.32 (3.0)
Referent
2.01 (1.3)

1.1 - 17.2

0.038

0.6 - 6.8

0.259

0.3 - 2.4

0.674

Referent
1.49 (0.7)

2.35 (1.8)
Referent
4.83 (2.6)
Referent
1.48 (0.7)

0.44 (0.4)
Referent
1.38 (0.8)
Referent
0.29 (0.2)

Referent
0.79 (0.4)
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Table 2.8: Reasons for vaginal examination by palpation at calving, and timing to assess
potential calving difficulties (n = 235)
Timing of the examination (min)1
Reason for vaginal examination

Farms that
answered yes (%)

n of
answers

Mean

Min - Max

95% CI

I always vaginally check (palpate)
15.7
the cow at all calvings
When the water bag has broken and
61.3
118
81
5 – 360
69.0 – 93.8
the calving has not progressed 2
When the cow is straining without
64.3
125
89
5 – 660
74.1 – 104.3
progress for too long3
When the calf’s feet have been
52.3
104
57
5 - 360
47.4 – 66.2
visible for too long3
Suspect malpresentation
48.5
1
Timing of the examination since water bag broke, first sight of the cow straining or the calf’s feet.
2
Water bag defined as the allantochorion membranes/amniotic sac.
3
Time zero was defined as the first time producers had seen the cow straining or the calf’s feet.
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Table 2.9: Reasons for obstetrical intervention by the producer in different housing systems and herd size sizes based on interviews
with 236 dairy producers in Canada

Reason for assistance
Routinely assist all
calvings

AMS
(n = 24)
% farms
95% CI

Free-stall
(n = 112)
% farms
95% CI

Tie-stall
(n = 100)
% farms
95% CI

≤ median herd size
(n = 115)
% farms
95% CI

˃ median herd size
(n = 114)
% farms
95% CI

Total
(n = 236)
% farms
95% CI

25.0

9.8 – 46.7

13.4

7.7 – 21.1

42.0

32.2 – 52.3

33.0

24.6 – 42.4

21.1

14.0 – 29.7

26.7

21.2 – 32.8

After checking and
finding a problem

75.0

53.1 – 91.6

86.6

78.9 – 92.3

58.0

47.7 – 67.8

67.0

57.6 – 75.4

78.9

70.3 – 86.0

73.3

67.1 – 78.8

Every time a
primiparous cow was
calving1

20.8

7.1 – 42.2

6.3

2.5 – 12.5

14.0

7.9 – 22.4

14.8

8.9 – 22.6

7.9

3.7 – 14.5

11.0

7.3 – 15.7

Routinely for calvings at
night or when no staff
will be available for
several hours

4.2

0.1 – 21.1

16.1

10.4 – 23.8

9.0

4.5 – 16.2

11.3

6.2 – 18.6

9.6

4.9 – 16.6

11.9

8.3 – 16.5

When the expected calf
had a high value2

20.8

7.1 – 42.2

13.4

8.1 – 20.8

10.0

5.9 – 16.9

9.6

4.9 – 16.5

11.4

6.2 – 18.7

12.7

9.1 – 17.3

When twins were
suspected

16.7

4.7 – 37.4

21.4

14.6 – 29.8

13.0

7.1 – 21.2

13.0

7.5 – 20.6

18.4

11.8 – 26.8

17.4

13.0 – 22.7

8.3
8.9
4.0
6.8
1.0 – 27.0
4.4 – 15.8
2.2 – 9.0
5.2
1.9 – 11.0
7.0
3.1 – 13.4
Includes the producers that routinely assisted all primiparous cows only. The total number of producers routinely assisting all primiparous cows can be
computed by adding the number of producers providing routine assistance to all calving to the number of producers providing routine assistance to all
primiparous cows only.
2
High value defined as market value; either genetically or strictly monetarily.

4.2 – 10.7

Other

1
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Table 2.10: Record-keeping and reported proportion of difficult calvings in 236 herds in Canada
% keeping records of
calving difficulties
Barn type
AMS
Free-stall
Tie-stall
Herd size
≤ median herd size
˃ median herd size
Total

95% CI

Calculated incidence of calving difficulty (%)
Mean
Range
95% CI

91.7
90.2
90.0

80.3 – 100
84.6 – 95.7
84.1 – 96.0

8.6
7.9
8.2

0.5 – 30.0
0.6 – 29.2
0 – 33.3

6.1 – 11.2
6.8 – 9.1
7.1 – 9.3

92.2
87.7
90.3

85.7 – 96.4
80.3 – 93.1
85.7 – 93.7

9.1
7.1
8.1

0 – 33.3
0 – 30.0
0 – 33.3

8.0 – 10.2
6.1 – 8.2
7.3 – 8.9
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Table 2.11: Perception of the magnitude of the problem of calving difficulty by 236 Canadian dairy producers and their recordkeeping and reported incidence of difficult calvings
Importance of
calving problem
Not a problem
Minor problem
Moderate problem
Major problem

% of farms
30.9
61.9
7.2
0.0

95% CI
25.0 – 36.9
55.6 – 68.1
3.9 – 10.5
-

% of farms keeping
records of difficulties
84.9
91.8
100.0
-

95% CI
76.6 – 93.2
87.3 – 96.3
97.5
-

Calculated incidence of difficult calvings (%)
Mean
Range
95% CI
5.5
0.0 – 17.6
4.5 – 6.5
8.7
0.0 – 29.2
7.8 – 9.6
14.0
3.4 – 33.3
9.6 – 18.4
-
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3.1 ABSTRACT
A critical time for dairy cattle is the perinatal period. Good calving management is
critical to reduce periparturient losses and ensure the health of the offspring. Generally, it has
been recommended that cows should be allowed to calve unassisted when possible, but very few
studies have been published that support or refute this general guideline. To investigate the effect
of early assistance, 257 Holstein cows were enrolled in a clinical trial, observed through the
second stage of calving and assigned randomly to one of two calving treatments: not-assisted
(NA) and early-assistance (EA) during the second stage. Early assistance was given 15 min after
the first sight of both of a calf’s front hooves and only human force was used for pulling. After
calving, the animals were classified into four actual calving intervention groups: too-quick-to-beassisted (TQ), NA, EA and late-assistance (LA) for cows in the NA group that did not calve
unassisted within the 1 hour maximum time frame allowed. Giving early assistance to cows
during calving as a routine management practice (assigned treatment), did not negatively
influence calves’ stillbirth rate, vigor at birth or passive immune transfer. Calves in the LA actual
intervention group had significantly greater odds of being stillbirths compared to calves in the
NA and EA groups, respectively. Calves born in the LA group also had significantly worse vigor
at birth compared to calves born in the TQ, NA, or EA groups. The effects of intended and actual
calving interventions on serum immunoglobulin G at 24 hours interacted significantly with the
birth weight of calves. Early assistance given at calving to cows that did not present signs of
calving difficulties did not impair calves likelihood of being stillborn, vigor at birth or passive
immune transfer.

99

3.2 INTRODUCTION
Parturition is perhaps the most important moment in the life cycle of dairy cows. The
goal of good calving management is not only to allow the dam to initiate her lactation in good
health but to also obtain a live and healthy calf that will become a profitable replacement milking
cow, if female, or a valuable beef animal, if male. Over 50% of primiparous and close to 30% of
multiparous dairy cows may need assistance during calving (Lombard et al., 2007).
Internationally, the risk of dystocia has been found to be around 5%, but higher risks have been
documented (13.7%) in the United States (Mee, 2008a). This discrepancy in risk may be
explained by the different criteria used for providing assisted calving, which vary from routine
assistance, to intervention after a certain time, to obstetrical malpresentations (Mee, 2008a).
Overall, there is no consistent scoring system for dystocia (calving difficulty or calving ease), but
generally 3 to 5 point ordinal scales are used to score the degree of difficulty or intervention in
calving (Mee, 2008a).
Dystocia has a wide range of significant effects on calves and these effects have been
widely researched (Arnott et al., 2012; Mee, 2008b). Producers have reported that 60% of their
calf loses happened at birth (Spicer et al., 1994). Calves born from mild dystocia have 2.3 times
(95% CI = 1.6 to 3.3) the odds of being stillborn compared to calves born from unassisted
calvings, while those born from severe dystocia have 15.4 times (95% CI = 8.5 – 27.8) greater
odds of being stillborn (Lombard et al., 2007; Tenhagen et al., 2007). The odds of stillbirth have
also been found to increase greatly if the second stage of labor (from entrance of the calf into the
pelvis until full delivery) is longer than 2 hours (Gundelach, et al., 2009). Difficult calvings have
also been found to negatively impact calves’ vigor at birth. Barrier et al. (2012a) found that
calves assisted during birth were less vigorous than calves born unassisted when vigor was
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mainly assessed by early behaviour related to standing. Similarly, Murray (2014), using a
combination of reflexes and physiological indicators of vigor, found that calves born from easy
and hard pulls had significantly poorer vigor than calves born from unassisted calvings. Time to
sternal recumbency was found to be a reliable and practical indicator of a calf’s likelihood of
survival to 7 days of age; Schuijt and Taverne (1994) found that calves attaining sternal
recumbency 16 minutes or more after birth were significantly more likely to be non-viable, and
that calves born using forced extraction (force of 2 men or more) had significantly longer times
to sternal recumbency compared to calves from unassisted births or slight assistance deliveries.
Murray (2014) also found that calves born from unassisted calvings had significantly shorter
times to sternal recumbency compared to calves born from dystocic calvings (based on producer
calving ease record). Barrier et al. (2012b) found that calves from assisted calvings had
significantly lower passive immune transfer (serum IgG) compared to calves from unassisted
calvings.
Some studies have investigated the influence of mild or severe dystocia on calves, but
few have published on the effect of systematic assistance when no signs of calving problems
have been detected. A survey conducted in Canada found that 27% of the 236 dairy producers
questioned systematically assisted all of their heifers and cows at calving regardless of whether
there was calving difficulty (Villettaz Robichaud et al., 2016). Very little is known about the
effect of this practice on the performance of dairy calves. Bellows et al. (1988) studied the effect
of forced early obstetrical assistance (hand pull and calf puller) on beef cows and their calves
(Doornbos et al., 1984). They found that this practice had no detrimental effects on the calves’
vigor score if “correct obstetrical techniques” were used. A potential explanation for this has
been suggested by Gundelach et al. (2009) who stated that the duration of the second stage of
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labor seemed to be a key risk factor for perinatal mortality, and Lombard et al. (2007) concluded
that relatively simple interventions at calving have the potential to significantly reduce the
impact of dystocia on calf mortality and morbidity to 120 days of age.
The objective of the current study was to investigate the effects of assistance given early
during stage two of calving on animals that did not require assistance based on calf presentation
and dilation of the dam’s cervix and vulva. More specifically, the effects of the intended and
actual calving interventions on calves’ perinatal mortality, vigor score, time at sternal
recumbency, and passive immune transfer were examined. The general hypothesis was that early
systematic assistance at calving, as a management practice, would not have negative impacts on
the calves, if a strict assistance protocol was respected.

3.3 MATERIALS AND METHODS

3.3.1 Animal Enrollment and Data Collection
The institutional animal care committee of the University of Guelph, monitored by the
Canadian Council for Animal Care, approved all procedures described in this study. This study
was conducted between October 2011 and May 2012 on a large commercial dairy farm (2300
lactating Holstein cows) in western Wisconsin. Dry cows from two milking barns were housed
together in a 400-stall transition cow facility during the dry period and for the first 15 to 30 days
after calving. Close-up cows and heifers were housed in two free-stall pens (90 stalls each) that
were monitored every 15 to 30 min to detect cows showing signs of imminent calving. Animals
were moved to an individual maternity pen (3.7  3.7 m) bedded with fresh straw when any sign
of imminent calving was detected; signs included restlessness, bloody vaginal discharge, visible
contractions, a visible or broken amniotic sac, or limbs of the calf emerging.
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Primiparous and multiparous cows were enrolled in this assistance study at the time of
calving only if they met the following specific criteria. Cows and heifers needed to be showing
signs of imminent calving, but they could not be included in the study if both front hooves of the
calf were visible at the vulva. If there was doubt on the previous appearance of both front
hooves, the animal was automatically excluded. Also, to be enrolled, the dam could have no
obvious signs of illness, including lameness at the time of calving, and needed to have sufficient
dilation of the vagina and vulva to normally permit an unassisted delivery. Dilation was
considered sufficient if the forearm of the principal author (MVR) was able to entirely penetrate
the birth canal. The calf needed to be a live singleton at the time of the vaginal assessment and
be in a normal anterior presentation for calving. All the vaginal examinations were performed by
the same trained person (MVR) to ensure consistency in the entrance criteria. MVR was also
present during the entire calving process of each cow enrolled and provided the assistance as
required to those cows at calving, alone or accompanied by farm staff, to ensure consistency in
calving management and the evaluation of calving ease/difficulty. Animals that met the criteria
and were enrolled in the study were placed in an individual maternity pen and closely observed
continuously throughout the entire calving process.
Cows and their calves were randomly assigned to one of two treatments: 1) not-assisted
(NA) and 2) early-assistance (EA). Treatments were assigned to the animals randomly once they
entered the study. Cows (second calving or greater) and heifers (first calving) had separate
randomization processes because parity was believed to be an important confounding factor for
calving ease (Lombard et al., 2007). Randomization was done in blocks of 8 animals to keep
numbers in treatment groups balanced, and avoid any potential bias associated with time of
enrolment. The EA treatment was defined as cows receiving assistance for calving (pulling the
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calf) 15 min after the first sight of both of their calf’s front hooves. The NA treatment group had
a cut-off time of 1 hour after first sight of both of their calves’ front hooves, after which these
cows were assisted and then considered to have received late-assistance (LA). The 1-hour cut-off
was chosen to reduce calf losses for the farm and be consistent with the farm’s standard
operating procedure and recent literature (Schuenemann et al., 2011). Within the animals
assigned to the EA treatment, some animals calved very rapidly and therefore were not assisted
as expulsion of the calf was completed before the 15 min waiting period was completed. Those
animals were classified as too-quick-to-be-assisted (TQ) for the actual intervention groups.
Consequently, there were four actual calving intervention groups: too-quick-to-be-assisted (TQ),
not-assisted (NA), early-assistance (EA) and late-assistance (LA). As the aim of this study was to
investigate the effects of the management practice of assisting all cows at calving, the data were
analyzed by assigned treatments and also by actual intervention experiences to allow deeper
understanding of the effect of the different scenarios on calves.
For both vaginal examination and assistance, the cows ano-vaginal area were first
thoroughly cleaned using hot water and betadine 7.5% surgical scrub (Purdue Products L.P.,
Stamford, CT). Then new disposable and clean obstetrical gloves were put on and used to apply
lubricant (LubisepticTM, Boehringer Ingelheim Vetmedica Inc., St. Joseph, MO), liberally to the
arms and hands of MVR, and perform the exam or assistance. During vaginal examination, each
cow was restrained between the calving pen side and door of the pen. Almost all cows were
assisted lying down in their own calving pen. Assistance was provided by pulling calves with a
stainless steel chain looped around each front leg proximal and distal to the fetlock joint (2 loops
per leg). Pulling was done using hand human force exclusively. In some cases, the person(s)
assisting could be leaning down and/or bracing their feet to pull. Calving ease was noted at the
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end of each calving based on the trained individual’s (MVR) subjective assessment: 1 = not
assisted, 2 = slight assistance, 3 = moderate assistance and 4 = strong assistance. The number of
people pulling to assist a cow during calving was also noted. Time between first appearance of
both front hooves and complete expulsion of the calf was recorded as calving duration (min).
In the seconds following complete expulsion of the calf, a vigor score was recorded to
assess the calf’s viability and vitality. This score was based on meconium staining,
responsiveness (head shake, eye reflex and tongue pinch), tongue and head swelling, heart rate,
respiration rate, mucous membrane color and time to sternal recumbency (min) (Table 3.1).
Heart and respiration rates were taken for 15 seconds using a stopwatch and then multiplied by
four to obtain the heart rate in beats/min. The vigor assessment used for this study was modified
from the one presented by Murray (2014) where non-vigorous calves have higher total scores.
Vigor assessment, as used by Murray (2014), was modified by collecting information on the
exact time to calves’ achieving sternal recumbency, instead of the calf movement, and by
removing the tongue length outcome because it was found to be an impractical and unreliable to
measure. Time to sternal recumbency was treated as a continuous variable and analyzed
separately from the vigor score with shorter time indicating greater calf vigor.
After calving, calves were separated from their dam before any suckling occurred. Before
colostrum feeding, newborn calves were weighed (kg) using an electronic scale (Vet Deck,
Brecknell, Fairmont, MN), identified using a unique ear tag, their navel was dipped using a 7%
tincture of iodine solution, and placed in a small group pen (3.6  3.6 m) bedded with fresh straw
for the 24 hours following birth. Information recorded at that time included: dam ID, dam dairy
of origin, calf ID, sex, birthweight, birth date, birth time, assigned and actual calving intervention
and calving ease level. Calves’ morphometric measures were also taken at this time using a
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sewing measuring tape: head width between the eyes, width at the shoulder between the shoulder
joints, width at the hip bone and length from the middle of the ear to the tail. In the hours
following calving, the dams’ BCS were assessed using a 5-point scale, their weights were
estimated using a girth tape and their width at hip bone using a sewing measuring tape (Ferguson
et al., 1994).
A 10-ml venous blood sample was collected from each calf using a serum Vacutainer
tube (Becton Dickinson, Franklin Lakes, NJ) at birth to assess pre-colostrum serum
immunoglobulin G (IgG) and serum total protein (STP) concentrations. Calves were then fed 1.5
doses (150g of IgG) of commercially available colostrum replacer (Land O’Lakes Colostrum
Replacer; Land O’Lakes Inc., Arden Hills, MN) using an esophageal tube feeder. The colostrum
replacer powder was mixed into 3 L of warm water, according to the manufacturer’s directions,
prior to tube feeding. Calves enrolled in this study were also enrolled in a study looking at the
addition of gut-active carbohydrates to the colostrum replacer to enhance passive immune
transfer. Results of that study showed there was no significant impact of this treatment on any of
the variables measured here (Villettaz Robichaud et al., 2014). Between colostrum feeding and
24 h of age, calves were offered 1.9 L of a commercially available milk replacer twice daily
using a nipple bottle (Amplifier Max. [22% crude protein, 20% crude fat], Land O’ Lakes
Animal Milk Products., Arden Hills, MN.). At 24 h of age, a post-colostrum blood sample was
taken to assess IgG absorption and calves were moved out of the group pen and placed into
freshly bedded individual hutches outdoors. The definition of stillbirth for this experiment was
calves born dead and/or died within 24 h of birth.
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3.3.2 Sample Analysis Procedure
Pre (0 to 1 h)- and post (24 h)-colostrum replacer feeding venous blood samples collected
from all calves were refrigerated for a minimum of 6 h and allowed to clot after which they were
centrifuged (model DSC-158T, Digisystem Laboratory Instruments Inc., New Taipei City,
Taiwan) at 12,000 g for 10 min and serum was separated. Serum samples were frozen at −20°C
until submission on ice to the Saskatoon Colostrum Co. Ltd. Quality Assurance Laboratory
(Saskatoon, Canada) for determination of serum IgG concentration (mg/mL) and serum total
protein (STP; g/dL) by means of radial immunodiffusion as described by Chelack et al. (1993).
Apparent efficiency of absorption of IgG (%) (AEA) was calculated to estimate the percentage of
the mass of IgG consumed that was absorbed by the calf. The equation used was based on the
assumption that the calf plasma volume is 9.9% of its birth weight in kilograms (Quigley et al.,
1998, 2002). The equation was (serum IgG concentration at 24 h – serum IgG concentration at 0
h) × (weight of the blood of the calf/150 g of IgG fed) × 100.

3.3.3 Statistical Analyses
The data were analyzed using Stata 11 statistical software (StataCorp LP, College
Station, Texas). The a priori sample size for this study was determined based on the proportion
of cows with purulent vaginal discharge (PVD), assessed one month after parturition, which was
one of the main outcome of interest for the effects of early obstetrical assistance on dairy cows
(presented elsewhere). The assumption was that early systematic obstetrical assistance at calving
would increase the proportion of cows with PVD from 17% to 36%, based on the increased odds
of PVD in cows experiencing a difficult calving, an outcome to be assessed in another
manuscript related to the effects of early obstetrical assistance on the dams. Based on the sample
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size calculation, approximately125 animals (dams) were needed for each assigned treatment.
Data were collected on all calves born from the cows enrolled in the study.
Descriptive statistics, including univariable statistics, were generated to describe the
characteristics of the calves and their dams at enrollment. For any additional covariate in the
models, other than obstetrical intervention, an initial cut-off value of P < 0.2 in the univariable
analysis was used as a prerequisite to be included in a multivariable model with calving
intervention group. Causal diagrams were built in order to describe the relationships assumed
between the treatments, animal and calving characteristics, and outcomes measured (Figure 3.1).
Calving ease and the number of people required to pull the calf were considered to be
intervening variables between the calving assistance groups and the outcomes measured, and
were therefore not included in subsequent statistical models (Figure 3.1). Because it was
influenced by the assigned treatments, calving duration was considered to be an intervening
variable between intended calving treatment and the outcomes measured and therefore it was not
included in statistical models investigating the effects of assigned treatments (Figure 3.1). In the
actual intervention models, calving duration was considered to be a construction of actual
intervention groups since it was the determinant of it and therefore was not included in the
statistical models (Figure 3.1; Table 3.2).
Multivariable linear regression models were used to analyze the effects of the different
calving interventions on the following outcomes in calves: vigor score at birth, time to sternal
recumbency (min), serum total protein (STP) concentration at 0 h and 24 h (g/dL), serum IgG
concentration at 24 h (mg/mL) and apparent efficiency of absorption of IgG (AEA, %).
Multivariable logistic regression was used to analyze the effects of calving treatments on the
likelihood of calves being born dead. A manual backward selection model building strategy was
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then used to remove all non-significant terms, with the exception of calving intervention groups,
from the statistical models. Partial F-tests (for linear models), likelihood ratio tests (for logistic
models) and Akaike and Baysiean information Criteria (AIC/BIC) were used to assess the impact
of removing categorical variables from models. The significance level for a variable to be
retained in the final models was set at α = 0.05. Intended or actual calving intervention variables
were forced into each statistical model as they were the variables of interest in this study. The
referent calving intervention category for all models was not assisted (NA). Calf characteristics
tested in the models were: sex, birth weight, morphometric measures at birth, serum IgG at 0 h,
serum STP at 0 h, time at vigor score, being licked at the time vigor score was recorded, and time
at colostrum replacer feeding. Cow characteristics tested in the models were: parity, farm of
origin, BCS, width at hip bone, weight, difference in days between expected and real calving
date, and calf/cow weight proportion. Regardless of statistical significance, confounding
variables were retained in the model. Confounding variables were identified based on our causal
diagram and if their removal resulted in a change of 20% or greater on the estimated coefficient
for calving treatments. All interactions between calving interventions and covariates examined
were investigated and kept in the models if statistically significant. The interaction between
actual interventions and parity was not examined because it could not be properly assessed due
to the absence of primiparous animals in the TQ and the limited number of multiparous animals
in the LA group.
The assumption of linearity was assessed visually based on the distribution of the
residuals against the continuous predictors included in the model. If non-linear, the variable was
either categorized or modeled as a quadratic relationship, if appropriate, based on visual
assessment of locally weighed regression curves (lowess curves). Potential collinearity between
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predictors was identified using Pearson or Spearman correlations. If two variables were found to
be highly correlated (rho ≥ |0.8|), only the variable with a higher level of interest to the study was
used in the final models. For linear regression models, homoscedasticity of the residuals were
assessed visually by examining the distribution of the standardized residuals against the
predicted values of the outcomes. The normality of the residuals was assessed visually using
normal quantile plots. In order to meet the assumption of normality and homoscedasticity, the
outcome time to sternal recumbency was log transformed. For the linear models, the outliers and
influential observations were identified based on visual assessment of the following diagnostics:
standardized residuals, leverage, Cook’s distance and DFITS. For the logistics models, the
outliers and influential observations were identified based on visual assessment of the following
diagnostics: Pearson and deviance residuals, leverage, Delta-betas, Delta-chi-square and Deltadeviance. Overall fit of the logistic models was assessed using the Hosmer-Lemeshow goodnessof-fit test.

3.4 RESULTS

3.4.1 Animals and Calving Characteristics
In total, the 257 calves enrolled in this study, 134 heifers and 123 bull calves, were
equally distributed between the assigned treatments. They were removed from their dam on
average 56 ± 32 min (SD) after birth. At birth, calves were on average 42.0 kg in weight, 80.9
cm tall at the hip and 93.4 cm long. The mean calf birth weight (kg) for each actual intervention
group was (mean ± SD): TQ = 40.7 ± 5.5; NA = 42.2 ± 5.9; EA = 42.4 ± 5.0 and LA = 51.5 ±
4.2). Overall average (± SD) dam characteristics were 713 ± 121 kg body weight, BCS 3.0 ± 0.3
and 69 ± 6 cm width at hip bone. As a result of the separate randomization blocks for
110

primiparous and multiparous cows, dam parity was equally distributed between assigned
treatments. There was a marked difference in the distribution of the parity of the dam between
actual intervention groups, with only multiparous cows (100%) in the TQ group and a greater
proportion of heifers in the LA group (69% heifers vs. 31% cows). Specifically, the final groups
were: 29 multiparous in the TQ group, 21 primiparous and 70 multiparous in the NA group, 41
primiparous, and 64 multiparous in the EA group, and 22 primiparous and 10 multiparous in the
LA group.
Calving ease, calving duration and number of people pulling during calving were
different between intended and actual calving intervention groups (Table 3.2). In total, 91% of
cows calved lying down. The majority of assisted calvings were assisted by 1 person (45%) or 2
people (53%)(Table 3.2). Generally, most assisted calvings (EA and LA) were classified as easy
pulls and the highest proportion (11%) of hard pulls were in the EA group. Overall, mean calving
duration, defined as the time between first sight of both hooves and complete expulsion of the
calf, was 31 min and varied from 4 to 80 min (Table 3.2). Calving duration was longer in the NA
assigned treatment and longest in the LA actual intervention group, as per definition of the group
itself (Table 3.2).

3.4.2 Effects of Calving Intervention Groups on Stillbirth
A total of 7 calves (5 females and 2 males) were dead when delivered and therefore had
no vigor score taken. The overall stillbirth rate of the animals enrolled in the study was 2.7% and
more specifically 6% of calves born from primiparous dams and 1% of calves born from
multiparous dams. Of the dead calves, 5 were in the NA and 2 in the EA assigned treatments. In
the actual interventions, 2 calves were born dead in the NA, 2 in the EA and 3 in the LA groups.
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No calves died between birth and 24 h later. Assigned calving treatment did not influence the
odds of calves being born dead (Table 3.3). Among actual interventions, calves born in the LA
group were significantly more likely to be stillborn compared to calves born in the NA group
(Table 3.3) or the EA group (OR = 6.9; 95% CI = 1.01 to 47.50; P = 0.049). Calf birth weight
significantly influenced the likelihood of stillbirth in both the intended and actual calving
interventions models. The relationship between calf birth weight and stillbirth was quadratic,
with medium size calves having less chance of being born dead compared to smaller or larger
calves (Figure 3.2; Table 3.3).

3.4.3 Effects of Calving Intervention Groups on Vigor Indicators
Total vigor score at birth, measured on a continuous scale (0 to 21), varied from 0 to 17
points across the 250 live calves scored, with an overall average of 6.54 points. A lower total
vigor score indicates a more vigorous calf. The average time after birth when vigor score was
recorded was 53 seconds, and ranged between from 1 to 352 seconds. Assigned calving
treatments, dam parity, time at vigor score and being licked by the dam at the time of the vigor
assessment significantly influenced the vigor score of calves (Table 3.4). Calves in the assigned
EA treatment had significantly lower vigor scores (were more vigorous) than NA calves (Table
3.4). Increased time at vigor assessment significantly increased the total vigor score (worse) in
the assigned calving treatment model while calves being licked at the time of the vigor
assessment also had lower (better) vigor scores (Table 3.4). Calves born from multiparous cows
had significantly lower (better) vigor scores in both intended and actual calving intervention
models (Table 3.4). Calves in the TQ and EA had significantly lower vigor score (better) than
calves in the NA groups (Table 4). Calves in the TQ (β = -4.41; 95% CI = -6.50 to -2.32; P <
0.001) and EA (β = -2.92; 95% CI = -4.52 to -1.33; P < 0.001) actual intervention groups also
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had significantly better vigor at birth than calves in the LA group. Calves in the TQ group had
the best (lowest) vigor score of all calves but not significantly different from the EA actual group
(β = 1.49; 95% CI = -0.13 to 3.11; P = 0.071). No significant difference was found in calves
vigor score between NA and LA actual intervention groups (Table 3.4).
The average time to sternal recumbency was 6 minutes, ranging from 0 to 51 min. Time
to sternal recumbency was not influenced by assigned calving treatment (Table 3.5), but was
significantly longer in the EA and the LA groups compared to the NA actual intervention group
(Table 3.5). Calves born from multiparous cows achieved sternal recumbency significantly faster
than calves born from primiparous dams, in both models (Table 3.5). The dam’s farm of origin
along with the calf birthweight also significantly influenced time to sternal recumbency in the
assigned treatment model (Table 3.5). Bigger calves took longer to achieve sternal recumbency.

3.4.4 Effects of Calving Intervention Groups on Passive Immune Transfer
STP at 0 h averaged 4.5 g/dL, ranging from 3.8 to 5.3 g/dL, well within the normal range
found in the literature (Godden et al., 2009a, b). The average time at colostrum replacer feeding
was 79 minutes and ranged from 25 to 195 minutes. The great majority of calves (89%) received
their colostrum replacer within the 2 hour advised timeframe (Godden, 2008). Average STP at 24
h for all calves was 5.7 g/dL, ranging from 4.7 to 6.9. STP at 0 h was significantly higher in
calves born from multiparous cows and significantly lower in calves born from cows of higher
BCS, in both statistical models (Table 3.6). Calves in the EA assigned treatment had
significantly lower STP at 0 h than the ones in the NA treatment (Table 3.6). Calves born in the
NA actual calving intervention had significantly higher STP at 0 h, compared to TQ, EA and LA,
respectively (Table 3.6). STP at 24 h was significantly influenced by STP at 0 h, age at
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colostrum feeding, and calves’ birth weight, but not by assigned or actual calving intervention
groups (Table 3.6). Calves with higher STP at birth and with longer time between birth and
colostrum replacer feeding had significantly higher STP at 24 h. Bigger calves had lower STP at
24 h than smaller calves.
Serum IgG concentrations at 0 h averaged 0.4 mg/mL, ranging from 0.2 to 2.4 mg/mL.
These were in the normal range identified in other studies (Godden et al., 2009a). Mean IgG at
24 h for all calves was 20.4 mg/mL, ranging from 8.4 to 33.5. Overall, only 2 calves of the 233
calves tested (0.9%) did not achieve adequate passive transfer, set at serum IgG ˃ 10 mg/mL
(Beam et al., 2009; Godden, 2008). Average apparent efficiency (AEA) of serum IgG absorption
was 54.8%, ranging from 20.7 to 93.3%. Serum IgG at 24 h was significantly affected by calving
intervention groups, both assigned and actual, in interaction with the birth weights of calves
(Table 3.7). Overall, smaller calves had higher serum IgG at 24 h than bigger calves. The
decrease in serum IgG at 24 h with increasing birthweight was more pronounced in calves born
from intended NA calvings compared to intended EA calvings (Figure 3.3a). Again, IgG levels
at 24 h declined with increasing calf size, but the intercept and slope of the predicted value
varied with actual interventions (Figure 3.3b). Calves born from multiparous cows had
significantly lower serum IgG at 24 h while increasing time between birth and colostrum replacer
feeding slightly increased it (Table 3.7). Calving interventions did not affect AEA, but AEA
increased with higher calf/cow weight proportion (Table 3.7). In the assigned calving treatments
model, time between birth and colostrum replacer feeding positively influenced AEA and male
calves had significantly higher AEA (Table 3.7). In the actual calving intervention model, the
difference between actual and expected calving date was a confounding variable for AEA and
needed to be controlled for in the model (Table 3.7).
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3.5 DISCUSSION
Early assistance provided during calving, as a general management practice, to cows that
did not present with obvious characteristics of dystocia did not negatively impact their calves in
terms of stillbirth, vigor indicators, and passive immunity. Early assistance actually improved
calf vigor at birth compared to no assistance at calving and reduced the incidence of stillbirth
compared to providing late assistance. The management practice of assisting dams that did not
present signs of difficulty during parturition did not negatively impact their calves and led to
better outcomes than waiting 1 hour to provide assistance. Early obstetrical assistance may be a
good management option when a dairy producer has limited time to supervise their animals
during calving, or when they will be away from the facility for a number of hours. This practice
would allow the producers to ensure the completion of calving and to be present in case of major
problems, reducing the likelihood of stillbirth due to prolonged expulsion phase, and allow for
timely colostrum feeding.
Most published research has focused on the impacts of calving difficulties on calves, but
very little work has examined the impact of assistance without signs of dystocia, which is a
common practice on many farms. In the present experiment, we used a block randomization
process to assure that an equal proportion of heifers and cows received the assigned treatment
because parity has been found to be the most important factor influencing calving performance
(Gevrekci et al., 2011; Philipsson, 1976). Calf birth weight and maternal pelvic size are the two
factors of importance in feto-pelvic disproportion, which is the most common type of dystocia in
dairy cattle (Mee, 2008a; Johanson and Berger, 2003). The characteristics of the calves and dams
were overall similarly distributed between assigned treatments. Some differences were found
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among the actual interventions, mainly in the LA group, but this was expected as it is consistent
with the findings of the current literature.
The overall stillbirth rate for this study was 2.7% which was much lower than recently
reported stillbirth rates of 7.2% for singletons on commercial farms (Silva del Rio et al., 2007;
USDA, 2009). The stillbirth rates of the current study for primiparous (6%) and multiparous
(1%) dams rates were even lower than the stillbirth rate aims set for welfare concern of 3% in
multiparous cows and 8% in primiparous dams (Fishwick, 2011). The odds of stillbirth were not
different between the assigned calving treatments but when considering actual interventions
there was more stillbirth in the LA group compared to the NA and EA groups. Stillbirth or
perinatal mortality are known to have different causes but one of the major ones is disproportion
between calf weight and their dam’s pelvic bone size (Mee, 2008a). The significance of calf birth
weight as a predictor of stillbirth in the intended and actual calving interventions was not
surprising because it has been found to account for 50% of the phenotypic variance in dystocia
cases (Meijering, 1984; Philipsson, 1976). In the present study, a quadratic relationship was
found between the odds of stillbirth and calf birth weight. Meijering (1984) previously described
the existence of a non-linear relationship between calf birth weight and the incidence of dystocia
and stillbirth, having both higher and lower threshold values, leading to an optimum birth weight
range for calf viability. Johanson and Berger (2003) defined the relationship they found between
stillbirth and perinatal mortality with a threshold of 42 kg. Based on the results of our study, the
optimal birth weight of Holstein calves to reduce the odds of stillbirth would be around 45 kg
(Figure 3.2).
Duration of the second stage of labor has also been found to be a key risk factor for
perinatal mortality and reference times for assistance to limit calf losses have been proposed
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(Gundelach et al., 2009). When the second stage of labor is less than 2 hours, the odds of
perinatal mortality are significantly lower than in longer calvings, and 65 minutes after hoof
appearance has been suggested as a threshold for obstetric intervention (Gundelach et al., 2009;
Schuenemann et al., 2011). As per definition, in the actual LA group assistance was given 1 hour
after the first sight of both of the calves’ front hooves, resulting in a much longer duration of the
second stage of labor compared to the other actual interventions groups. The results of the
current experiment suggest that a cut point of 60 min still leads to a higher likelihood of calf
mortality compared to early obstetrical assistance. Lombard et al. (2007) suggested that
relatively simple interventions have the potential to significantly reduce the impact of dystocia
on calf mortality and the early assistance provided to cows in this study achieved a reduced
mortality compared to the late assistance group.
In the current experiment, calves assigned to the early assistance group had better vigor
than calves assigned to the unassisted group. Among actual calving interventions, TQ calves had
the best vigor scores and LA calves had the worst scores, suggesting that calving duration has
more impact on calf vigor than assistance itself. In the literature, calves requiring assistance
during calving have been found to have significantly reduced vigor compared to calves born
from unassisted calvings (Barrier et al., 2012a; Murray, 2014). Comparable to the current study,
previous research has also found that calves born from multiparous cows have better vigor than
the ones born from primiparous (Doornbos et al., 1984). Moreover, calves born from hard pulls
had greater risk of reduced vigor compared to calves born from easy pulls (Murray, 2014).
Calves with worse vigor at birth have also been found to be more acidotic with higher blood
partial pressure of CO2 than calves with better vigor scores, possibly reflecting insufficient blood
oxygenation during calving (Bleul et al., 2007; Murray, 2014). The differences in vigor scores
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found in the current experiment among the actual interventions may be due to calves
experiencing a longer period with insufficient blood oxygenation due to longer calving durations
in the LA and NA groups compared to the TQ and EA groups.
Calves took longer to achieve sternal recumbency after assisted calving (EA and LA
intervention groups) compared to unassisted calvings (TQ and NA intervention groups). Time to
sternal recumbency was previously found to be a valuable, practical, objective and reliable
diagnostic tool to evaluate the viability of calves. Schuijt and Taverne (1994) established that
calves attaining sternal recumbency 16 min or more after birth were significantly more likely to
be non-vital. Less than 10% of the calves in the present study took longer than 16 min to achieve
sternal recumbency. Similar to the present research, previous research has also found that calves
delivered with forced extraction needed a significantly longer time to achieve sternal
recumbency compared to unassisted birth (Schuijt and Taverne, 1994; Murray, 2014). Part of the
delay to achieve sternal recumbency in the assisted calves could potentially be explained by the
position of the body of the calf once completely expulsed. When assistance is provided, the calf
usually has all limbs extended to their maximum, while during naturally occurring calving,
calves usually retract their front limbs under their abdomen, partially or completely, before
expulsion is completed. Previous studies have also found that calves may experience
subcutaneous bleeding, dislocations, fractures and other bone, muscle and soft tissue trauma
during delivery, especially when excessive force was used during traction (Aksoy et al., 2009;
Berglund et al., 2003; Schuijt, 1990; Winstanley, 1973). Therefore, the difference in sternal
recumbency found in this study may also be an indication of potential discomfort or slight
damage to the calves’ muscles, especially to the front limbs.
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STP at 0 h was lower in the intended EA calves and in the actual TQ, EA and LA calves,
compared to NA calves. STP of calves before colostrum feeding is not generally reported in the
literature and we are unaware of this finding being previously reported. One study found that the
mode of delivery of newborn calves affected their hematological and non-specific immunity
profile in the minutes following birth, but this study had some issues in controlling for the breed
effect and no observations were noted concerning STP (Probo et al., 2012).
Serum total protein at 24 h was not different between calving intervention groups. IgG at
24 h was significantly affected by an interaction of calving intervention and calf birth weight.
The effects of calving difficulty on passive immune transfer have been previously examined with
contradictory findings. Barrier and al. (2012b) reported significantly lower passive immune
transfer in calves born from farmer-assisted calvings compared to unassisted calvings, based on
the results of zinc sulphate turbidity tests. In contrast, other studies found no evidence that
calving ease impacted serum IgG, IgM or IgA at 24 h (Stott and Reinhard, 1978), or the
proportion of calves experiencing failure of passive immune transfer (Beam et al., 2009). The
AEA was not different between intervention groups but was generally higher than expected, with
AEA of IgG reported in the literature ranging from 36 to 51% when using the same colostrum
replacer product (Godden et al., 2009a, b). Since an equal dose of colostrum replacer was used
for each calf and fed using an esophageal tube, all calves received the same quantity (150 g) and
quality of colostrum replacer. Because bigger calves have a greater blood volume (Quigley et al.,
1998), a dilution effect resulted in lowering the concentration of IgG/mL of serum at 24 h for
bigger calves, thereby explaining the association between birth weight and both serum IgG at 24
h and AEA of serum IgG at 24 h.
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The main limitation of this study was the limited number of animals in some of the final
calving intervention groups. The differences in the distribution of animals between actual
intervention groups resulted in a small number of animals in the TQ and LA groups. For some of
the outcomes, the lack of statistically significant differences between intervention groups when
numerical differences were found may have been a result of these small numbers (i.e., type II
error). Another potential limitation of this study is the very controlled environment in which the
calving interventions were applied. The use of a single observer for all calvings and for
providing assistance strengthened the study by limiting the potential bias introduced by variation
in observers or obstetricians. Having the same highly trained person providing assistance for all
calvings may have limited the external validity of the study because farm staff may have less
training and time to provide the assistance at calving. Investigating the specific effects of calving
duration, force used during assistance and duration of assistance could help explain some of the
significant differences found between actual calving interventions. Based on our results, this
study demonstrates that early assistance at calving, when the dam does not present signs of
dystocia, can be done without causing harm and with some benefits to the calves. The impacts of
this management practice on the health outcomes of replacement heifers and the dams still need
to be evaluated before any formal recommendations can be made about this practice. Information
on the impact of early assistance on the dams (health, reproduction, survival) was collected
during the current experiment and will be presented in future publications. A multi-farm study
would also provide insight into how much variation in these intervention effects is influenced by
farm-level factors.
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3.6 CONCLUSION
Giving early and hygienic assistance during calving to cows that do not present with
obvious signs of dystocia, as a general management practice, does not negatively impact their
calves. Early assistance improved calf vigor and reduced the likelihood of stillbirth compared to
late assistance. It is important to note that the current study investigated systematic early
obstetrical assistance at calving as a management practice on the dairy calves’ performance in
early life and not the impact of dystocia itself. It has been previously suggested that relatively
simple interventions during calving have the potential to significantly reduce the impact of
dystocia on calf mortality and morbidity (Lombard et al., 2007). The early intervention method
used in this experiment, including high cleanliness and only human force during pulling, did not
have negative effects and its adoption may improve calf health by reducing the number of late
assisted calvings. Further research is needed to investigate the effect of early assistance at
calving as a management practice on cows and the potential benefits or risks of such practices on
other management issues on dairy farms.
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- Calf characteristics at birth (sex, weight, morphology)
- Dam characteristics at calving (farm, BCS, weight, width)
- Calf/cow weight proportion
Dam parity

Stillbirth

Vigor score
- Calving ease
- Number of persons pulling
Time to sternal
recumbency

Assigned calving treatments
(NA & EA)
Time at vigor score
Actual calving interventions
(TQ, NA, EA & LA)

Time at colostrum feeding

Passive immune
transfer

Calving duration

Figure 3.1: Causal diagram involving assigned treatments (solid lines) and actual calving interventions (dotted lines)
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Figure 3.2: Quadratic relationship between a calf’s birth weight and its predicted probability of
being stillborn
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Figure 3.3: Effect of the interaction between a) assigned (NA = Not-assisted; EA = Earlyassistance) and b) actual calving interventions (TQ = Too-quick-to-be-assisted; NA = Notassisted; EA = Early-assistance; LA = Late-assistance) and calves’ birth weight on calves’ serum
IgG concentration at 24 hours of age
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Table 3.1: Vigor score measurements of newborn calves, lower score indicating greater vigor (Modified from Murray, 2014)
Points toward total score/category
Meconium staining

0
No stain

1
Anal area only

2
Extended over the body

3
Completely covered

Vigorous
Active blink
Active withdraw

Moderate
Slow blink
Attempt withdraw

Twitches
No response
Twitches

No response
No response

No swelling

Protruding and not swollen

Protruding and swollen

Head, tongue swollen

80-100 beats/min

<80 beats/min

>100 beats/min

-

Respiration rate1

24-36 /min

<24 /min

>36 /min

-

Mucous membrane color
1
Score on a 3-point scale only.

Bright pink

Light pink

Red

White/grey

Responsiveness:
Head shake
Eye reflex1
Tongue pinch
Tongue swelling
Heart rate1
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Table 3.2: Distribution of the calving ease and calving duration between intended and actual calving intervention groups
Calving ease score, % (no)
Calving duration, min
no
1
2
3
4
Mean
SD
Range
Calving intervention
Assigned treatment
Not-assisted
123
74.0 (91)
12.2 (15) 11.4 (14)
2.4 (3)
41.84
21.25
4 – 80
Early-assistance
134
21.6 (29)
50.7 (68) 19.4 (26)
8.2 (11)
20.84
7.01
5 – 40
Actual intervention
Too-quick-to-be -assisted
29
100 (29)
0 (0)
0 (0)
0 (0)
12.54
4.08
5 – 19
Not-assisted
91
100 (91)
0 (0)
0 (0)
0 (0)
32.65
16.38
4 – 75
Early-assistance
105
0 (0)
64.8 (68) 24.7 (26)
10.5 (11)
23.12
5.85
10 – 40
Late-assistance
32
0 (0)
46.9 (15) 43.8 (14)
9.3 (3)
67.97
6.69
41 – 80
Number of persons pulling
0
120
100 (120)
0 (0)
0 (0)
0 (0)
27.88
16.70
4 – 75
1
61
0 (0)
88.6 (54)
9.8 (6)
1.6 (1)
28.21
18.39
9 – 78
2
73
0 (0)
39.7 (29) 45.2 (33)
15.1 (11)
38.95
21.08
14 – 80
3
3
0 (0)
0 (0)
33.3 (1)
66.7 (2)
30.00
9.17
22 – 40
Total
257
46.7 (120) 32.3 (83) 15.6 (40)
5.4 (14)
30.89
18.74
4 – 80
1
Calving ease noted subjectively as: 1 = not assisted, 2 = slight assistance, 3 = moderate assistance and 4 = strong assistance.
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Table 3.3: Multivariable logistic regression models investigating the effects of assigned and
actual calving interventions on the likelihood of calves being born dead
Model/Interventions
% (no/total)
Odds ratio
Model 1: Stillbirth
Assigned treatment
Not-assisted
4.1 (5/123)
Referent
Early-assistance
1.5 (2/134)
0.39
Birth weight, kg
0.34
Birth weight square
1.01
Model 2: Stillbirth
Actual intervention
Too-quick-to-be-assisted1
0.0 (0/29)
Omitted
Not-assisted
2.2 (2/91)
Referent
Early-assistance
1.9 (2/105)
1.50
Late-assistance
9.4 (3/32)
10.32
Birth weight, kg
0.21
Birth weight square
1.02
1
There were no stillborn calves in the “Too-quick-to-be-assisted” group.

95% CI

P-Value

0.071 , 2.117
0.130 , 0.870
1.001 , 1.023

0.275
0.025
0.034

0.164 , 13.832
1.088 , 97.900
0.069 , 0.643
1.004 , 1.030

0.718
0.042
0.006
0.008
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Table 3.4: Multivariable linear regression models investigating the effects of assigned and actual
calving interventions on total vigor score of newborn calves. Lower vigor scores denote greater
vigor (more desirable)
Model/Interventions
Model 1: Vigor score
Assigned treatment
Not-assisted
Early-assistance
Parity
Primiparous
Multiparous
Time at vigor score, sec
Licked by cow at vigor scoring
No
Yes
Model 2: Vigor score
Actual intervention
Too-quick-to-be-assisted
Not-assisted
Early-assistance
Late-assistance
Parity
Primiparous
Multiparous

no

Mean (SD, range)

β

95% CI

P-Value

118
132

7.73 (4.41, 0 – 17)
5.48 (3.86, 0 – 16)

Referent
-2.37

-3.317 , -1.413

< 0.001

79
171

9.00 (4.11, 0 – 17)
5.48 (3.86, 0 – 17)
-

Referent
-3.26
0.01

-4.287 , -2.231
0.000 , 0.017

< 0.001
0.041

233
17

6.69 (4.32, 0 – 17)
4.53 (2.85, 1 – 9)

Referent
-2.03

-3.922 , -0.146

0.035

29
89
103
29

3.41 (2.72, 0 – 10)
7.02 (4.19, 0 – 17)
6.07 (3.94, 0 – 16)
9.90 (4.43, 1 – 17)

-2.97
Referent
-1.48
1.45

-4.571 , -1.364
-2.570 , -0.389
-0.225 , 3.115

< 0.001
0.008
0.090

79
171

9.00 (4.11, 0 – 17)
5.48 (3.86, 0 – 17)

Referent
-3.00

-4.100 , -1.903

< 0.001
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Table 3.5: Multivariable linear regression models investigating the effects of assigned and actual
calving interventions on log transformed time to sternal recumbency of newborn calves
Model/Interventions
no
Mean (SD, range)1
Model 1: Log (time to sternal
recumbency), min
Assigned treatment
Not-assisted
118
6.43 (7.75, 0 – 44)
Early-assistance
132
5.92 (6.12, 0 – 51)
Parity
Primiparous
79
9.10 (9.93, 0 – 51)
Multiparous
171
4.80 (4.38, 0 – 33)
Dam farm of origin
Dairy 1
117
5.19 (5.82, 0 – 33)
Dairy 2
133
7.01 (7.69, 0 – 51)
Birth weight, kg
Model 2: Log (time to sternal
recumbency), min
Actual intervention
Too-quick-to-be-assisted
29
3.67 (3.25, 0 – 17)
Not-assisted
89
4.96 (6.02, 0 – 33)
Early-assistance
103
6.55 (6.58, 0 – 51)
Late-assistance
29
10.95 (10.44, 0 – 44)
Parity
Primiparous
79
9.10 (9.93, 0 – 51)
Multiparous
171
4.80 (4.38, 0 – 33)
1
Time to sternal recumbency before log transformation, min.

β

95% CI

P-Value

Referent
0.16

-0.059 , 0.387

0.149

Referent
-0.75

-1.012 , -0.488

< 0.001

Referent
0.24
0.03

0.021 , 0.468
0.005 , 0.051

0.032
0.016

-0.08
Referent
0.36
0.57

-0.457 , 0.289
0.110 , 0.620
0.181 , 0.957

0.658
0.005
0.004

Referent
-0.45

-0.708 , -0.186

0.001
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Table 3.6: Multivariable linear regression models investigating the effects of assigned and actual
calving interventions on serum total protein in newborn calves at birth and 24 hours of age
Model/Interventions
Model 1: STP1 at 0 h, g/dL
Assigned treatment
Not-assisted
Early-assistance
Parity
Primiparous
Multiparous
Cow BCS
Model 2: STP1 at 24 h, g/dL
Assigned treatment
Not-assisted
Early-assistance
STP1 at 0 h, g/dL
Age at colostrum feeding, min
Birth weight, kg
Model 3: STP1 at 0 h, g/dL
Actual intervention
Too-quick-to-be-assisted
Not-assisted
Early-assistance
Late-assistance
Parity
Primiparous
Multiparous
Cow BCS
Model 4: STP1 at 24 h, g/dL
Actual intervention
Too-quick-to-be-assisted
Not-assisted
Early-assistance
Late-assistance
STP1 at 0 h, g/dL
Age at colostrum feeding, min
Birth weight, kg
1
Serum total protein (g/dL).

no

Mean (SD, range)

β

95% CI

P-Value

111
122

4.58 (0.27, 3.9 – 5.2)
4.50 (0.30, 3.8 – 5.3)

Referent
-0.09

-0.158 , -0.016

0.017

74
159

4.43 (0.28, 3.8 – 5.1)
4.58 (0.28, 4.0 – 5.3)
-

Referent
0.14
-0.14

0.066 , 0.220
-0.251 , -0.032

< 0.001
0.011

111
122

5.74 (0.44, 4.9 – 6.9)
5.64 (0.39, 4.7 – 6.7)
-

Referent
-0.07
0.52
0.002
-0.02

-0.166 , 0.026
0.355 , 0.691
0.001 , 0.004
-0.032 , -0.013

0.153
< 0.001
0.002
< 0.001

27
82
95
29

4.54 (0.31, 4.0 – 5.2)
4.64 (0.25, 4.1 – 5.2)
4.48 (0.30, 3.8 – 5.3)
4.40 (0.27, 3.9 – 5.1)

-0.13
Referent
-0.13
-0.17

-0.247 , -0.004
-0.212 , -0.048
-0.289 , -0.044

0.044
0.002
0.008

74
159

4.43 (0.28, 3.8 – 5.1)
4.58 (0.28, 4.0 – 5.3)
-

Referent
0.11
-0.13

0.026 , 0.192
-0.243 , -0.026

0.010
0.015

27
82
95
29

5.70 (0.36, 5.2 – 6.7)
5.78 (0.44, 4.9 – 6.9)
5.62 (0.40, 4.7 – 6.7)
5.63 (0.43, 4.9 – 6.4)
-

-0.06
Referent
-0.09
-0.05
0.51
0.002
-0.02

-0.224 , 0.108
-0.204 , 0.022
-0.212 , 0.113
0.333 , 0.682
0.001 , 0.004
-0.031 , -0.013

0.490
0.113
0.550
< 0.001
0.002
< 0.001
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Table 3.7: Multivariable linear regression models investigating the effects of assigned and actual
calving interventions on serum IgG and apparent efficiency of absorption at 24 hours of newborn
calves
Model/Interventions
no
Mean (SD, range)
Model 1: Serum IgG at 24 h, mg/mL
Assigned treatment
Not-assisted
111
20.62 (4.10, 11.0 – 33.5)
Early-assistance
122
20.20 (3.67, 8.4 – 29.3)
Parity
Primiparous
74
22.09 (4.33, 8.4 – 33.5)
Multiparous
159
19.61 (3.39, 9.4 – 28.4)
Age at colostrum feeding, min
Birth weight, kg
Assigned treatment*Birth weight
Not-assisted*Birth weight
Early-assistance*Birth weight
Model 2: AEA of serum IgG1, %
Assigned treatment
Not-assisted
111
55.23 (9.35, 27.7 – 78.9)
Early-assistance
122
54.37 (10.97, 20.7 – 93.3)
Calf sex
Female
125
53.30 (9.53, 27.7 – 78.9)
Male
108
56.49 (10.75, 20.7 – 93.3)
Age at colostrum feeding, min
Calf/cow body weight proportion, %
Model 3: Serum IgG at 24 h, mg/mL
Actual intervention
Too-quick-to-be-assisted
27
19.25 (3.58, 9.4 – 26.3)
Not-assisted
82
20.40 (4.11, 11.0 – 33.5)
Early-assistance
95
20.46 (3.67, 8.4 – 29.3)
Late-assistance
29
21.23 (4.09, 14.3 – 27.9)
Parity
Primiparous
74
22.09 (4.33, 8.4 – 33.5)
Multiparous
159
19.61 (3.39, 9.4 – 28.4)
Age at colostrum feeding, min
Birth weight, kg
Actual intervention*Birth weight
Too-quick-to-be-assisted*Birth weight
Not-assisted*Birth weight
Early-assistance*Birth weight
Late-assistance*Birth weight
Model 4: AEA of serum IgG1, %
Actual intervention
Too-quick-to-be-assisted
27
49.94 (11.13, 22.4 – 78.5)
Not-assisted
82
54.92 (9.45, 27.7 – 78.9)
Early-assistance
95
55.56 (10.67, 20.7 – 93.3)
Late-assistance
129
56.11 (9.16, 41.1 – 72.4)
Calf/cow body weight proportion, %
Days between expected and real calving date
1
Apparent efficiency of absorption of serum IgG at 24 h.

β

95% CI

P-Value

Referent
-10.13

-17.472 , -2.790

0.007

Referent
-1.45
0.02
-0.32

-2.496 , -0.403
0.002 , 0.029
-0.452 , -0.194

0.007
0.022
< 0.001

Referent
0.23

0.057 , 0.402

0.009

Referent
-1.29

-3.852 , 1.263

0.320

Referent
2.88
0.05
194.52

0.296 , 5.472
0.009 , 0.084
63.757 , 325.293

0.029
0.015
0.004

-12.92
Referent
-7.965
3.94

-24.646 , -1.192
-16.398 , 0.469
-10.064 , 17.941

0.031
0.064
0.580

Referent
-1.21
0.02
-0.32

-2.398 , -0.014
0.002 , 0.029
-0.457 , -0.176

0.047
0.023
< 0.001

0.28
Referent
0.18
-0.10

0.001 , 0.564
-0.014 , 0.379
-0.426 , 0.236

0.049
0.068
0.572

-4.32
Referent
-0.64
-0.13
176.38
0.21

-8.900 , 0.259
-3.810 , 2.522
-4.560 , 4.293
29.223 , 323.540
-0.036 , 0.448

0.064
0.689
0.953
0.019
0.095
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4.1 ABSTRACT
Good calving management should not only ease the transition of cows into lactation, but
also contribute to providing healthy replacement animals for the herd. Difficulty during
parturition has been found to be detrimental to the offspring. Because of the association of
obstetrical intervention with undesirable outcomes, the general management recommendation for
calving is to let cows give birth unassisted whenever possible. Unfortunately, very few studies
have investigated the effects of planned early assistance during calving regardless of whether
dystocia or another problem exists. In order to investigate the effects of early assistance during
apparently normal calvings, a clinical trial was conducted on 257 Holstein cows. They were
observed through the second stage of calving and divided randomly between two assigned
treatments: i) not assisted (NA) or ii) given early assistance (EA) during the second stage of
parturition. After calving, the animals were classified into four actual calving intervention
groups: too-quick-to-be-assisted (TQ), NA, EA and late-assistance (LA) for cows in the NA
group that did not calve unassisted within the one hour maximum time allowed. The early
assistance was given 15 min after first sight of both front hooves of the calf and done using
human force only. Heifer calves (n = 129) born from the enrolled dams were followed until
weaning to assess the effect of assigned and actual calving interventions on their growth, health
and survival. Heifer calves’ weight at birth was positively associated with weight at 7 weeks but
the effect varied by assigned and actual interventions. Giving early assistance during calving to
dairy cows, as a routine management practice, did not influence average daily gain, health or
survival of dairy heifer calves up to weaning at 7 weeks of age.

136

4.2 INTRODUCTION
The aim of calving management is to help the dairy cow begin lactation in good health,
and to produce good quality replacement heifers. Recent literature reports that heifer calves’ very
early experience in life can impact them even as mature animals. Heinrichs and Heinrichs (2011)
found that heifers born from a difficult birth had significantly lower milk production in their first
lactation. In the United States, the risk of dystocia in dairy animals has been estimated to be
13.7% (Mee, 2008a). The published literature uses different definitions of dystocia, calving
difficulty, and the level of calving assistance to assess the impacts of calving and calving
assistance on dairy calves at the time of birth and later in development. Unfortunately, there is
currently no consensus on a standard scoring system for calving assistance and difficulty that
would permit clear comparisons among studies (Mee, 2008a). Furthermore, very few published
studies provide detailed information on the specific criteria or reasons for assistance or on the
timing of the assistance provided in relation to the stage of parturition. The general
recommendation in the industry is to let cows calve unassisted when dystocia or malpresentation
are absent (Mee, 2008b).
Over the last decade, some studies have investigated the impacts of “mild” and “severe”
calving difficulty on heifer calves. Difficult calvings have been found to be negatively associated
with calf health, growth and survival. Barrier et al. (2012a) studied the association between
moderate and high difficulty calvings and dairy heifer calves’ growth to weaning, and found,
similar to Bellows et al. (1988), no significant difference to unassisted calvings. The odds of
respiratory and digestive problems between birth and 120 d of age have been found to be greater
in heifer calves born from mild and severe dystocic calvings compared to unassisted calvings
(Lombard et al., 2007). The same study concluded that overall, heifer calves born from severe
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dystocic calving had higher odds of dying before 120 d of age compared to calves born from
unassisted calvings (Lombard et al., 2007). Barrier et al. (2012b) also found that heifer calves
born from farmer-assisted calvings had greater odds of dying before weaning compared to calves
born from unassisted calvings. In a different study, Barrier et al. (2012a) found that heifer calves
born from moderately and highly difficult calvings had a greater hazard of dying before weaning
than the heifers born from unassisted calvings. While the outcomes might have been worse had
obstetrical assistance not been provided, there is still a lack of evidence on which to base criteria
and means of intervention.
A survey conducted on 236 Canadian dairy farms found that 27% of the dairy producers
systematically assisted all of their animals at calving, without regard to the necessity of
intervention or likelihood of calving difficulty (Villettaz Robichaud et al., 2016). However,
unlike the effects of calving difficulty, very little research has been published concerning the
effects of early systematic assistance at calving on the growth and health of calves. Bellows et al.
(1988) found that systematic early obstetrical assistance in beef cows had no detrimental effects
on the calves’ daily weight gain, if a “correct” obstetrical technique was used. Other studies have
also suggested that the duration of the second stage of calving could be partly responsible for the
negative impacts of calving difficulty and that simple interventions had the potential to reduce
the impacts of calving difficulties on calves (Lombard et al., 2007; Gundelach et al., 2009).
The aim of this study was to investigate the effects of early assistance given during the
second stage of calving, to dairy cows that were progressing with a normal delivery based on the
presentation of the calf and the dilation of the dam’s cervix (Villettaz Robichaud et al.,
submitted). Specifically, this report focuses on the effect of calving management (assigned and
actual calving interventions) on the growth, health, and survival of dairy heifer calves from birth
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to weaning. The hypothesis was that systematic early obstetrical assistance, done according to a
strict protocol, would have no negative impacts on the heifer calves up to weaning.

4.3 MATERIALS AND METHODS

4.3.1 Animal Enrollment and Data Collection
The institutional animal care committee of the University of Guelph, monitored by the
Canadian Council for Animal Care, approved all procedures described in this study. Data
collection was conducted between October 2011 and May 2012 on a large commercial dairy
farm in western Wisconsin (2300 lactating Holstein cows). Dry cows from one herd (divided in
two different location/barns during lactation) were housed together in a 400-stall transition cow
facility during the dry period, and for the first 15 to 30 days after calving. Close-up primiparous
and multiparous dams were housed in two separate freestall pens (90 stalls each) and were
monitored every 15 to 30 min to detect animals showing signs of imminent calving (restlessness,
bloody vaginal discharge, visible contractions, appearance of the amniotic sac or limbs of the
emerging calf ). When imminent calving was detected, the animals were moved to an individual
maternity pen (3.7  3.7 m) bedded with fresh straw.
Primiparous and multiparous cows could enter this calving assistance study at the time of
detection of calving if they presented signs of imminent calving, but both front hooves of the calf
could not have been seen outside of the vulva. To be enrolled, the dam must also not have been
showing any obvious signs of illness, including lameness, at the time of calving, and needed to
have sufficient dilation of the cervix as normally required to permit an unassisted delivery.
Dilation was considered sufficient if the forearm of the principal author (MVR) was able to
entirely enter the birth canal alongside the calf. The calf also needed to be a live singleton at the
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time of the vaginal assessment and be in a normal anterior presentation for parturition. All the
vaginal examinations were performed by the same trained person (MVR) to ensure consistency.
Once an animal was enrolled in the study (met all entrance criteria), it was placed in an
individual maternity pen and was closely observed continuously throughout the entire calving
process.
The dams were randomly assigned to one of two treatments once they entered the study:
1) not-assisted (NA) or 2) early-assistance (EA). Primiparous and multiparous cows had separate
randomization processes because parity has previously been found to significantly affect the
likelihood of calving difficulties (Lombard et al., 2007). Randomization for each parity group
was done in blocks of 8 animals in order to keep the numbers of animals in each assigned
treatment group balanced, and avoid any potential bias associated with time of enrolment. EA
assigned treatment was defined as cows receiving assistance during calving (pulling of the calf)
15 min after the first sight of their calves’ two front hooves. The assigned NA treatment group
had a cut-off time of 1 hour after first sight of both of a calf’s front hooves, after which lateassistance (LA) was provided to the dam. The 1-hour cut-off was chosen to reduce calf losses for
the farm and in order to be consistent with the farm’s standard operating procedure and recent
literature (Schuenemann et al., 2011). Within the animals assigned to the EA treatment, some
animals calved very rapidly and therefore were not assisted as expulsion of the calf was complete
before the 15-min waiting period for the EA to be provided. Those animals were classified as
having the actual intervention group “too-quick-to-be-assisted” (TQ). Consequently, there were
four actual intervention groups: too-quick-to-be-assisted (TQ), not-assisted (NA), earlyassistance (EA) and late-assistance (LA). As the primary aim of this study was to investigate the
effects of the management practice of assisting all cows at calving, the data have been analyzed
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by both assigned treatments (NA and EA) and by actual calving intervention groups to allow
deeper understanding of the effects of the different calving scenarios on the animals.
For vaginal examination and calving assistance, the ano-vaginal area of the cows was
thoroughly washed with surgical scrub, and disposable obstetrical gloves were used along with
lubricant. Details on the exact procedure and products used are provided in Villettaz Robichaud
et al. (submitted). Assistance during parturition was provided by pulling calves with a stainless
steel chain looped around each front leg proximal and distal to the fetlock joint (2 loops per leg).
The great majority of the cows (91%) were lying down in their in maternity pen during
assistance. Pulling was done using exclusively the force of human arms. MVR was present
during the entire second stage of calving for each cow enrolled and provided the assistance to all
the dams that required it, either due to their assigned treatment or the actual intervention group.
MVR provided assistance alone or accompanied by farm staff, when needed, to ensure
consistency in calving management, assistance technique and evaluation of calving
ease/difficulty. The number of people pulling to assist a cow, and the calving ease was noted at
the end of each calving by MVR based on a subjective scale: 1 = not assisted, 2 = slight
assistance (usually 1 person and little force), 3 = moderate assistance (1 or 2 person and
moderate force) and 4 = strong assistance (usually 2 person with strong force). The time between
first appearance of both front hooves and the complete expulsion of the calf was recorded as
calving duration (min).
After calving, calves were separated from their dams before any suckling occurred.
Before colostrum feeding, newborn heifers were weighed (kg) using an electronic scale (Vet
Deck, Brecknell, Fairmont, MN), identified using a unique ear tag, their navels were dipped
using a 7% tincture of iodine solution, and they were placed in a small group pen (3.6  3.6 m)
141

bedded with fresh straw for the 24 hours following birth. Other information recorded at that time
included: dam ID, calf ID, birth date, birth time, assigned and actual calving intervention groups
and calving ease. Dam BCS (5-point scale) and weight were also noted at this time (Villettaz
Robichaud et al., submitted). Heifer calves were then fed 1.5 doses (150 g of IgG) of
commercially available colostrum replacer (Land O’Lakes Colostrum Replacer; Land O’Lakes
Inc., Arden Hills, MN) using an esophageal tube feeder. The colostrum replacer powder was
mixed into 3 L of warm water prior to feeding. Heifer calves enrolled in this study were also
enrolled in a colostrum study looking at the addition of gut active carbohydrates to the colostrum
replacer to enhance passive immune transfer. Results of that study (Villettaz Robichaud et al.,
2014) showed that there was no significant impact of the addition on any of the parameters
measured in the current experiment. At 24 hr of age, the heifer calves were moved out of the
group pen and placed into freshly-bedded individual hutches outdoors, where they were fed 3.8 L
of pasteurized waste milk twice daily, supplemented with a pasteurized milk balancer (Land O’
Lakes Pasteurized Milk Balancer [25% crude protein, 10% crude fat], Land O’ Lakes Inc. Arden
Hills, MN). Starting at three days of age, heifer calves were offered free-choice water and
commercial starter pellet (20% crude protein).
Growth, health and survival data were collected from birth to weaning, and weaning was
done between 7 and 8 wk of age by decreasing the amount of milk offered by 50% for 3 days and
then by 75% for 4 days. Calf weight, measured with a girth tape, was taken at approximately 2
and 7 wk of age. Daily health checks were performed by the farm staff according their protocols.
Calves experiencing diarrhea (yellow or green semi-liquid or liquid manure) or pneumonia
(coughing, heavy breathing and nasal discharge) were diagnosed, recorded (event, date and
treatment) and treated by the farm staff according to the farm’s protocol. The death of any
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animal was also recorded by the farm’s staff on a daily basis (date and reason). In the current
report, the deaths recorded were between 24 h and 7 wk of age as the effect of calving
intervention on stillbirth was previously reported (Villettaz Robichaud et al., submitted). The
health data used in this study were based on the farm health records.

4.3.2 Statistical Analyses
The data were analysed using Stata 11 statistical software (StataCorp LP, College Station,
Texas). The sample size calculation for the number of animals needed in this study was
performed based on the proportion of dams with purulent vaginal discharge (PVD) assessed one
month after parturition. The calculation was based on the assumption that early systematic
obstetrical assistance would increase the proportion of animals with PVD from 17% to 36% (an
outcome to be discussed in a separate manuscript related to the effects of early obstetrical
assistance on the dams), which established that a minimum of 125 cows were needed for each
assigned treatment. The data used in this part of the study were collected on all the heifer calves
born alive from the dams enrolled in the study.
Descriptive statistics were generated to describe the characteristics of the heifer calves
and their dams, at enrollment. Calving intervention group was forced into each statistical model.
To be considered for inclusion in a multivariable model covariates had to be associated with the
outcome with a P-value ˂ 0.2 in univariable analysis. A causal diagram was built in order to
describe the relationships assumed between the calving intervention groups, the animal and
calving characteristics, and outcomes measured (Figure 4.1). Calving ease and the number of
people required to pull the heifer calves were considered to be intervening variables between
calving intervention groups (assigned and actual) and the outcomes measured, and were
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therefore not included in the subsequent statistical models (Figure 4.1). In the assigned treatment
models, calving duration was considered an intervening variable because it was influenced by the
treatment assigned (Figure 4.1). In the actual intervention models, calving duration was
considered to be a construction of actual calving intervention because duration determined the
final intervention category (Figure 4.1). Therefore, calving duration was not included in the
subsequent statistical models (Figure 4.1).
Multivariable linear regression models were used to analyze the effects of the different
calving interventions on the heifer calves early ADG between birth and 2 wk of age, weight at 7
wk, and ADG over 7 wk. Multivariable logistic regression was used to measure the effect of
calving interventions on the likelihood of heifer calves experiencing diarrhea before 7 wk,
experiencing pneumonia before 7 wk, and dying before the end of weaning at 8 wk. The model
building strategy used was a manual backwards selection process where all non-significant nonconfounder terms were removed from the statistical models, with the exception of calving
intervention groups, to create an initial main effects model. Interactions between calving groups
and the other main effects examined were investigated and kept in the models if significant. The
interaction between actual calving interventions and parity could not be properly assessed due to
the absence of primiparous animals in the TQ group and the limited number of multiparous
animals in the LA group, therefore it was not examined. Potential confounding variables were
identified based on the causal diagram, and were retained in the multivariable models if they
were significant or if their removal resulted in a change of 20% or greater in the coefficient for
calving interventions. For linear and logistic models, partial F-tests and likelihood ratio tests
were used, respectively, to assess the statistical significance of categorical variables. The
significance level for a variable, other than calving intervention group, to be retained in a final
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model was set at α = 0.05. The referent calving intervention group category for all models was
not assisted (NA). Heifer calves’ birth weight and cows’ parity, farm of origin, BCS, width at hip
bone, and body weight were the characteristics tested in the models. The difference in days
between expected and actual calving date and the calf/cow weight proportion were also tested in
the models.
Potential collinearity between predictors was identified using Pearson or Spearman
correlations with two variables considered highly correlated if rho ≥ |0.8|. In those cases, only the
variable with a higher level of interest to the study was used in a final model. The assumption of
linearity was assessed visually based on the distribution of the residuals against the continuous
predictors included in the final models (the linearity assumption was also initially assessed
during the univariable analyses). If non-linear, the variables were either categorized or modeled
as quadratic relationships, if appropriate, based on visual assessment of locally weighed
regressions (lowess curves).
For linear regression models, homoscedasticity of the residuals was assessed visually by
examining the distribution of the standardized residuals against the predicted values of the
outcomes. The assumption of normality of the residuals was assessed visually using normal
quantile plots. In the linear models, the outliers and influential observations were identified
based on visual assessment of the following diagnostics: standardized residuals, leverage, Cook’s
distance and DFITS. In the logistic models, outliers and influential observations were identified
based on visual assessment of the following diagnostics: Pearson and deviance residuals,
leverage, delta-betas, delta-chi-square and delta-deviance. The Hosmer-Lemeshow goodness-offit test was used to assess the overall fit of the logistic models.

145

4.4 RESULTS

4.4.1 Animals and Calving Characteristics
A total of 129 heifer calves were followed from birth through weaning and they were
equally distributed between assigned treatments. Sixty-eight percent of the heifer calves enrolled
were born from multiparous dams. There was a difference in the distribution of the dam parity
among actual calving intervention groups: all the heifer calves in the TQ group were born from
multiparous cows while 71% of the heifer calves in the LA group were born from primiparous
cows. The primiparous dams’ body weight averaged (mean ± SD) 605 ± 60 kg with a mean BCS
of 3.0 ± 0.2 points and the body weight of multiparous cows averaged (mean ± SD) 752 ± 113 kg
with a mean BCS of 3.0 ± 0.4 points. The heifer calves’ average birthweight was 40.5 ± 4.5 kg,
height at the hip bone was 80 ± 4 cm and length was 92 ± 6 cm, from the middle of the ears to
the tail. Detailed information describing calving length, number of people pulling, and calving
ease by assigned and actual calving intervention groups is presented in Table 4.1. Overall,
average calving duration, from first appearance of both of the calf’s front hooves and its
complete expulsion, was (mean ± SD; minimum to maximum) 30 ± 19 min and varied from 4 to
80 min (Table 4.1). Average calving duration was, by definition, longest in the LA actual
treatment (69 ± 6; 60 to 80 min) and the shortest in the TQ (11 ± 4; 5 to 18 min) (Table 4.1).
Overall, 75% of assisted calvings were classified as slight assistance (2 on the scale of 1 to 4)
and only 5% were considered strong assistance (4 on the same scale). The majority of assisted
heifer calves were pulled by 1 person (Table 4.1).
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4.4.2 Effects of Calving Intervention Groups on Growth of Heifer Calves
Average daily gain (ADG) was estimated for the heifer calves using girth measuring tape,
once early in life, at about (mean ± SD) 13 ± 2.9 days of age and once at about 7 wk, coinciding
with the beginning of weaning. Mean ADG from birth to 2 wk old was 0.73 ± 0.37 kg/d, ranging
from -0.1 to 2.1 kg/d. Mean ADG from birth to 7 wk old was 0.85 ± 0.18 kg/d, ranging from
0.28 to 1.23 kg/d. The heifer calves’ weight at weaning averaged 82.6 ± 10.0 kg, ranging from
46.4 to 105.3 kg and the average weight gain to weaning was 42.0 ± 9.3 kg, ranging from 12.7 to
63.6 kg. Neither early ADG (from birth to about 2 wk of age) nor ADG to weaning (from birth to
7 wk) were significantly influenced by assigned or actual calving interventions (Table 4.2). Age
at early follow-up had a significant association with early ADG, with older calves having a lower
ADG at 2 wk, maybe indicating that ADG decreased with age during the first 2 wk. ADG to 7
wk old was significantly lower in heifer calves born from multiparous cows compared to
primiparous cows (Table 4.2). There was a significant interaction between calving intervention
group and the heifer calves’ birth weight on their weight at 7 wk (Table 4.2); there was a positive
association between birth weight and weight at 7 wk but the slope and intercept varied across
assigned and actual treatment groups (Figure 4.2). The steepest slope was found in the EA
assigned treatment and TQ actual intervention group.

4.4.3 Effects of Calving Intervention Groups on Health to Weaning
Health data were collected on 129 heifer calves. A total of 64 (50%) and 38 (30%) of
calves in this study (all heifers) experienced pneumonia or diarrhea, respectively, at least once
from birth to 7 wk of age. The number of animals enrolled in each calving intervention group,
assigned and actual, is limited to assess the impact of calving on the heifers health. The
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likelihood of experiencing pneumonia was not influenced by assigned or actual calving
intervention groups but was significantly different depending on the dam’s milking barn/location
of origin (Table 4.3). The likelihood of heifer calves having diarrhea at any point from birth to
weaning was not affected by assigned or actual calving interventions but was associated with the
difference between expected and real calving date, with the odds of diarrhea significantly
increasing as the difference between the real and the expected calving date (i.e. real date minus
expected date) increased (Table 4.3).

4.4.4 Effects of Calving Intervention Groups on Survival to Weaning
In total, 14 heifer calves died between 24 hours of age and the beginning of weaning, at 7
wk. The effect of calving intervention on the likelihood of stillbirth was reported previously
(Villettaz Robichaud et al., submitted). Regarding assigned treatments, 6 calves died in the NA
treatment (9%) and 8 in the EA treatment (13%). For actual intervention groups, 2 calves died in
the TQ group (13%), 5 in the NA (10%), 6 in the EA (13%) and 1 in the LA group (6%). These
deaths were due to euthanasia following leg injuries (n = 2) and death due to pneumonia (n =
12). No significant differences were found between calving intervention groups, assigned or
actual, for the likelihood of heifer calves dying between 24 h of age and the beginning of
weaning, at 7 wk (Table 4.4).

4.5 DISCUSSION
Based on the results of the current study, early assistance given during the second stage
of calving to dairy cows presenting no signs of calving difficulty, did not negatively impact the
growth, health and survival of heifer calves between 24 hours of age and weaning. Calving
interventions, both assigned and actual, interacted with the heifer calves’ birth weight to
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influence their final weight taken at 7 wk. The results presented here, along with the ones
presented in the first part of the study (evaluating effect of calving interventions on stillbirths and
vigor of the newborn), indicate that assisting dairy cows that are not presenting with signs of
problems early during the second stage of calving, did not negatively impact the health of heifers
born under this type of calving management (Villettaz Robichaud et al., submitted). Early
obstetrical assistance may be a worthy management practice for dairy producers with limited
staff to supervise the animals during parturition by allowing the producers to ensure the
completion of the calving process and to be present in case of major problems, therefore
reducing the likelihood of stillbirth and injuries and pain to the dam due to prolonged expulsion.
Recently published studies have examined the effect of calving difficulties and dystocia
on the progeny. It is important to note that the aim of the current study was to assess the impact
of assistance at calving without dystocia. A block randomization process was used to ensure
equal distribution of primiparous and multiparous dams between the assigned calving treatments
because parity is a well-known risk factor for problems during calving (Lombard et al., 2007;
Gevrekci et al., 2011). Similarly, the entrance criteria used in this study, singleton calf and
forward normal presentation were also used to reduce the likelihood of calving difficulty
(Gregory et al., 1990; Mee, 2008a). The characteristics of the heifer calves and their dams
enrolled in the current experiment were, overall, similar to other reports (Sieber et al., 1989;
Johanson and Berger, 2003). The distribution of calving duration, calving ease score, and
number of people pulling during calving assistance were consistent with the assigned and actual
intervention groups.
Average daily gain of the heifer calves was measured twice, around 2 wk and again
around 7 wk of age. The mean ADG to weaning of 0.85 kg/d calculated in this study was
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comparable to previously published data (Sivula et al., 1996). For all calving interventions, there
was a significant positive association between birth weight and final weight at 7 wk. However,
the slope was much steeper and the intercept was closer to the origin for the TQ actual group. It
is unclear biologically why the growth of the calves in this group was so different but it is
important to note that only multiparous cows had calving that were TQ and the number of
animals in this group is small. Previous studies have examined the effects of calving difficulty on
calf growth, but these studies have had contradictory results. Studies similar to this one, found no
difference in growth between heifer calves born from calvings classified as moderate or highly
difficult compared to unassisted ones (Lundborg et al., 2003; Barrier et al., 2012a). When
looking at the effect of early obstetrical assistance and induction of parturition in beef cows,
Bellows et al. (1988) found that the calving treatment they used did not influence the weight gain
and final weight of the calves at weaning. In contrast, another study found that assisted calvings
negatively impacted the weight gain of newborn calves during the first wk of life and ADG to 7
wk of age (Murray, 2014). The same study found that longer calving duration was significantly
associated with reduced weight gain of dairy calves over the first 2 wk of life. It is important to
note that the method used to determine calf weight at 2 and 7 wk in the current study was girth
tape which has been shown to underestimate weight in calves under 3 months old and this might
have also reduced the ability to detect a difference between calving interventions (Dingwell et
al., 2006). The difference between the findings of the current study and some of the previously
published studies might be a result of the EA calving treatment leading to shorter calving
duration, and the reduced power of this study to assess the effects of LA or longer calvings
compared to observational studies.
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The assigned and actual calving intervention groups used in this experiment did not
influence the likelihood of heifer calves experiencing pneumonia or diarrhea between birth and
weaning. Similarly, Wittum et al. (1994) found that the odds of neonatal diarrhea or respiratory
disease in beef calves were not influenced by dystocia. In contrast, other observational studies
showed that mild and severe dystocia significantly increased the odds of respiratory and
digestive problems in dairy heifer calves up to 4 months of age and also increased non-routine
health treatments (Barrier et al., 2012b; Lombard et al., 2007). Finally, in the current clinical
trial, survival of heifer calves to weaning was not affected by their calving experience. Several
observational studies have found that dystocia can significantly increase the odds of a calf dying,
but the relationship between the severity of dystocia and the odds of the outcome may not
increase in a linear pattern (Barrier et al., 2012a; Lombard et al., 2007). Statistical power was a
potential issue for these outcomes (i.e., type II error); the distribution of the heifer calves
between assigned treatments and between actual intervention groups resulted in a small number
of animals in each group, especially in the TQ and LA groups. However, the difference in the
risk of mortality and morbidity appeared quite small, and the sample size required to detect the
largest difference observed (i.e., 9.2 vs 12.5% in mortality) would have required the recruitment
of 3000 calves (1500 per group) assuming confidence and power levels of 95% and 80%,
respectively. These results suggest that if the early intervention increased calf morbidity and/or
mortality the effect will be very small at a producer level, and future studies will need to
investigate its effect and impact on a much larger scale.
A potential limitation is the very controlled way in which the calving interventions were
applied to the dams. For example, the use of a single highly trained observer for all calvings and
providing assistance strengthened the study by limiting the potential bias introduced by variation
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in observers/obstetricians, but this type of control reduced the generalizability of the results to
farms with numerous personnel or less consistent practices. It is likely that most farms employ
several people to oversee the parturient animals, and that they may have less training than the
observer used for this study. On the other hand, those results highlight the importance of
consistent calving practices and the advantage of having dedicated and skilled staff for this
critical task. Also, the exclusion from the study of cows presenting known risk factors for
calving difficulty may have also reduced the potential for the clinical trial to highlight the benefit
of early assistance for the offspring of those cows, especially because it would allow early
detection of problems.
Further studies are needed to investigate the specific effects of calving duration, force
used during the assistance, and duration of the assistance during calving. Early assistance at
calving, provided to animals not presenting well-known risk factors of calving difficulty, does
not seem to harm calves’ growth, health, or survival to weaning. However, in order to have
firmer evidence of these conclusions, a study involving a greater number of animals needs to be
conducted, and should investigate the outcome of these interventions over the milking life of
these animals. The data relative to the impact of these calving assistance groups on the dams’
health, reproduction and survival in the herd have been collected during the study and will be
presented in a subsequent manuscript.

4.6 CONCLUSION
The use of early assistance, as a general calving management practice, given to cows that
do not present obvious signs of calving difficulties does not necessarily impact heifer calves in
the early months after birth. The assigned and actual calving interventions interacted
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significantly with the heifer’s birth weight to impact the final weight at weaning. However,
larger studies are needed to confirm this finding, and if so, the biological mechanism behind this
relationship. The outcomes measured in the current study were secondary outcomes of the
randomized clinical trial, leading to a reduced number of animals within each group. Further
research is needed, ideally with a greater number of animals per calving intervention group, to
confirm the results found in the current study and investigate the potential benefits and costs of
this management practice on future health and productivity of heifer calves as mature animals.
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- Calf characteristics at birth (weight)
- Dam characteristics at calving (farm, BCS, weight)
- Calf/cow weight proportion
Dam parity
Growth
- Calving ease
- Number of persons pulling
- Calf passive immune
Assigned calving
treatments
(NA & EA)

Health

Survival to weaning

Calving duration
Actual calving interventions
(TQ, NA, EA & LA)

Figure 4.1: Causal diagram for statistical analyses involving assigned treatments (solid lines) and actual calving intervention groups
(dotted line) (the double headed arrow indicates that the variables are constructions of each other)
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Figure 4.2: Effect of the interaction between a) assigned (NA = Not-assisted; EA = Earlyassistance) and b) actual (TQ = Too-quick-to-be-assisted; NA = Not-assisted; EA = Earlyassistance; LA = Late-assistance) calving intervention groups and calves’ birth weight on calves’
weight at 7 weeks
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Table 4.1: Distribution of the number of heifer calves according to calving duration, number of person pulling and calving ease level
per assigned and actual calving intervention groups
Calving duration, min
Mean
SD
Range

Number of persons pulling, % (n)
0
1
2

Calving ease level1, % (n)
1
2
3

N
Calving treatment
Assigned treatment
Not-assisted
65
39.7
22.3
4 – 80
74 (48)
11 (7)
15 (10)
74 (48)
17 (11)
Early-assistance
64
19.6
7.3
5 - 35
25 (16)
45 (29)
30 (19)
25 (16)
59 (38)
Actual intervention
Too-quick-to-be-assisted
16
10.9
3.7
5 – 18
100 (16)
0 (0)
0 (0)
100 (16)
0 (0)
Not-assisted
48
29.4
16.0
4 – 62
100 (48)
0 (0)
0 (0)
100 (48)
0 (0)
Early-assistance
48
22.5
5.8
10 – 35
0 (0)
60 (29)
40 (19)
0 (0)
79 (38)
Late-assistance
17
68.5
5.7
60 – 80
0 (0)
41 (7)
59 (10)
0 (0)
65 (11)
Total
129
29.7
19.4
4 – 80
50 (64)
28 (36)
22 (29)
50 (64)
38 (49)
1
Calving ease level noted subjectively as: 1 = not assisted, 2 = slight assistance, 3 = moderate assistance and 4 = strong assistance.

4

8 (5)
13 (8)

1 (1)
3 (2)

0 (0)
0 (0)
17 (8)
29 (5)
10 (13)

0 (0)
0 (0)
4 (2)
6 (1)
2 (3)
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Table 4.2: Multivariable linear regression models investigating the effects of assigned and actual
calving intervention groups on growth of newborn heifer calves
Model/treatments
Early ADG, kg/d
Assigned treatment
Not-assisted
Early-assistance
Age at follow up, d
Weight at 7 weeks, kg
Assigned treatment
Not-assisted
Early-assistance
Birth weight, kg
Assigned treatment*Birth weight
Not-assisted*Birth weight
Early-assistance*Birth weight
ADG over 7 weeks, kg/d
Assigned treatment
Not-assisted
Early-assistance
Parity
Primiparous
Multiparous
Early ADG, kg/d
Actual intervention
Too-quick-to-be-assisted
Not-assisted
Early-assistance
Late-assistance
Age at follow up, d
Weight at 7 weeks, kg
Actual intervention
Too-quick-to-be-assisted
Not-assisted
Early-assistance
Late-assistance
Birth weight, kg
Actual intervention*Birth weight
Too-quick-to-be-assisted*Birth weight
Not-assisted*Birth weight
Early-assistance*Birth weight
Late-assistance*Birth weight
ADG over 7 weeks, kg/d
Actual intervention
Too-quick-to-be-assisted
Not-assisted
Early-assistance
Late-assistance
Parity
Primiparous
Multiparous

N

Mean (SD, range)

β

95% CI

P-Value

65
64

0.72 (0.35, -0.1 – 1.6)
0.74 (0.40, -0.1 – 2.1)
-

Referent
0.01
-0.04

-0.116 , 0.129
-0.066 , -0.023

0.913
˂ 0.001

59
57

83.12 (7.56, 59 – 104)
82.03 (12.03, 46 – 105)
-

Referent
-35.10
0.33

-65.537 , -4.655
-0.229 , 0.881

0.024
0.247

-

Referent
0.86

0.112 , 1.601

0.025

59
57

0.85 (0.15, 0.5 – 1.2)
0.86 (0.20, 0.3 – 1.2)

Referent
0.01

-0.050 , 0.076

0.675

38
78

0.93 (0.15, 0.6 – 1.2)
0.82 (0.18, 0.3 – 1.2)

Referent
-0.11

-0.181 , -0.047

0.001

16
48
48
17

0.61 (0.33, -0.1 – 1.1)
0.71 (0.37, -0.1 – 1.6)
0.78 (0.41, -0.1 – 2.1)
0.73 (0.27, 0.1 – 1.3)
-

-0.03
Referent
0.05
0.09
-0.04

-0.234 , 0.173
-0.090 , 0.195
-0.106 , 0.295
-0.067 , 0.022

0.768
0.470
0.351
˂ 0.001

15
43
42
16

74.40 (13.98, 46.4 – 89.1)
83.02 (7.53, 59.0 – 97.2)
84.76 (10.09, 65.7 – 105. 3)
83.39 (7.87, 72.5 – 103.5)
-

-72.75
Referent
-23.89
-9.09
0.25

-129.151 , -16.345
-58.540 , 10.763
-56.674 , 38.490
-0.402 , 0.906

0.012
0.175
0.706
0.447

-

1.68
Referent
0.63
0.23

0.244 , 3.121
-0.210 , 1.475
-0.921 , 1.379

0.022
0.139
0.694

15
43
42
16

0.75 (0.26, 0.3 – 1.0)
0.84 (0.16, 0.5 – 1.2)
0.89 (0.17, 0.6 – 1.2)
0.87 (0.13, 0.7 – 1.1)

-0.07
Referent
0.03
-0.02

-0.168 , 0.036
-0.039 , 0.109
-0.119 , 0.088

0.203
0.352
0.769

38
78

0.93 (0.15, 0.6 – 1.2)
0.82 (0.18, 0.3 – 1.2)

Referent
-0.10

-0.172 , -0.026

0.008
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Table 4.3: Multivariable logistic regression models investigating the effects of assigned and
actual calving intervention groups on the likelihood of calves experiencing pneumonia or
diarrhea before weaning (7 weeks of age)
Model/treatments
Pneumonia event; birth to 7 weeks
Assigned treatment
Not-assisted
Early-assistance
Dam farm/location of origin
Dairy 1
Dairy 2
Diarrhea event; birth to 7 weeks
Assigned treatment
Not-assisted
Early-assistance
Days between expected and real calving date1
Pneumonia event; birth to 7 weeks
Actual intervention
Too-quick-to-be-assisted
Not-assisted
Early-assistance
Late-assistance
Dam farm of origin
Dairy 1
Dairy 2
Diarrhea event; birth to 7 weeks
Actual intervention
Too-quick-to-be-assisted
Not-assisted
Early-assistance
Late-assistance
Days between expected and real calving date1
1
Real calving date minus expected calving date.

% (no/total)

Odds ratio

95% CI

P-Value

47.7 (31/65)
51.6 (33/64)

Referent
1.22

0.599 , 2.471

0.587

38.3 (23/60)
59.4 (41/69)

Referent
2.38

1.169 , 4.839

0.017

32.3 (21/65)
26.6 (17/64)
-

Referent
0.69
1.11

0.301 , 1.606
1.026 , 1.197

0.395
0.009

56.3 (9/16)
54.2 (26/48)
50.0 (24/48)
29.4 (5/17)

1.33
Referent
0.87
0.40

0.411 , 4.328
0.384 , 1.977
0.119 – 1.342

0.632
0.741
0.138

38.3 (23/60)
59.4 (41/69)

Referent
2.34

1.130 , 4.838

0.022

25.0 (4/16)
29.2 (14/48)
27.1 (13/48)
41.2 (7/17)
-

0.74
Referent
0.87
1.91
1.11

0.174 , 3.159
0.325 , 2.348
0.577 , 6.348
1.026 , 1.120

0.686
0.788
0.289
0.009

160

Table 4.4: Multivariable logistic regression models investigating the effects of assigned and
actual calving intervention groups on the likelihood of calves’ death before weaning at 7 weeks
of age (does not include stillbirth)
Model/treatments
Dead at weaning; 24h to 7 weeks
Assigned treatment
Not-assisted
Early-assistance
Dead at weaning; 24h to 7 weeks
Actual intervention
Too-quick-to-be-assisted
Not-assisted
Early-assistance
Late-assistance

% (no/total)

Odds ratio

95% CI

P-Value

9.2 (6/65)
12.5 (8/64)

Referent
1.71

0.529 , 5.552

0.369

12.5 (2/16)
10.4 (5/48)
12.5 (6/48)
5.9 (1/17)

1.57
Referent
1.57
0.69

0.214 , 7.050
0.414 , 5.965
0.071 , 6.620

0.623
0.507
0.746
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5.1 ABSTRACT
The primary objective of this study was to investigate the effects of supplementing a
commercial colostrum replacer (CR) with gut active carbohydrates (GAC) on passive transfer of
IgG in commercial dairy calves. A secondary objective was to evaluate the effect of treatment on
preweaning health and growth. A total of 240 newborn Holstein dairy calves on a commercial
dairy farm were enrolled in this study. Newborn heifer and bull calves were weighed and then
randomly assigned to either the treated group [GAC: 30 g of GAC mixed into 1.5 doses (150 g of
IgG) of commercial colostrum replacer; n = 119] or the control group [CON: 1.5 doses (150 g of
IgG) of CR; n = 121]. The assigned CR treatment was fed within 3.5 h of birth using an
esophageal tube feeder. Venous blood samples were collected at 0 and 24 h of age and used to
measure serum IgG (mg/mL) and serum total protein (g/dL) concentrations and to estimate the
apparent efficiency of absorption of IgG (%). The 129 heifers calves enrolled (CON = 60; GAC
= 69) were also followed until weaning to assess the effect of GAC addition on preweaning
health and growth. Multivariable linear regression showed that the addition of GAC to CR did
not influence passive transfer of IgG, as measured by apparent efficiency of absorption at 24 h of
age (CON = 54.0 vs. GAC = 54.3%), serum IgG (CON = 20.3 vs. GAC = 20.2 mg/mL), and
serum total protein (CON = 5.69 vs. GAC = 5.68 g/dL). Although study sample sizes were not
originally derived to evaluate health outcomes, treatment had no effect on weight gain or
incidence of health events (diarrhea, pneumonia, mortality) for heifer calves between birth and 7
wk of age.
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5.2 INTRODUCTION
The importance of colostrum feeding on survival of newborn calves has been understood
for almost 100 yr. Smith and Little (1922) concluded that calves deprived of colostrum “lacked
something, which permitted intestinal bacteria to invade the body of the animal and multiply in
various organs.” More recent publications have stated that a good colostrum management
program is the most important step in reducing disease and death (McGuirk and Collins, 2004;
Smith and Foster, 2007) and in promoting morphological and functional development in
newborn calves (Blum and Hammon, 2000). Adequate passive transfer in the dairy calf is
generally accepted as a serum IgG concentration ≥10 mg/mL at 24 and 48 h after birth (Godden,
2008). The most recent USDA study reported the prevalence of failure of passive transfer (FPT)
to be 19.2% among newborn heifers calves on US dairy operations (Beam et al., 2009),
indicating that a significant opportunity remains for improving colostrum management programs
on dairy farms.
The timing of colostrum ingestion, the volume and quality of the colostrum fed, and
levels of bacterial contamination in colostrum are among several factors affecting successful
passive transfer of IgG (McGuirk and Collins, 2004; Chigerwe et al., 2008; Godden, 2008;
Godden et al., 2009b). A minimum mass of 150 to 200 g of IgG is needed to achieve adequate
passive transfer when calves are fed using an esophageal tube within 2 h of birth (Chigerwe et
al., 2008; Godden et al., 2009a). Over the last decade, researchers have investigated various
approaches in attempts to increase IgG absorption from colostrum. Several experiments have
reported inconsistent or equivocal results when investigating if the addition of various
supplements to maternal colostrum, including selenium or sodium bicarbonate, affected IgG
absorption in neonatal calves (Kamada et al., 2007; Morrill et al., 2010; Cabral et al., 2011,
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2012). The addition of gut active carbohydrates (GAC), a mannan-oligosaccharide derived from
the cell wall of yeast, has been investigated as a possible method of enhancing passive transfer of
IgG from colostrum in young mammals. Lazarevic et al. (2010) fed 22.5 g of GAC over 3
feedings of colostrum to 12 newborn Holstein calves and compared their final serum IgG
concentrations (mg/mL) to those of 12 control calves fed nonsupplemented colostrum. All calves
in this study received the same colostrum quality, volume, and number of feedings. The authors
reported that the 12 calves fed GAC-supplemented colostrum had higher circulating serum IgG
levels than the 12 control calves. Although the mode of action was not clear, it was proposed that
GAC might be promoting immunoglobulin uptake through a role that carbohydrates may play in
communication between the gut and the immune system (Lazarevic et al., 2010). In a study using
young chicks, Spring et al. (2000) hypothesized that GAC would prevent the attachment of
pathogenic bacteria, such as Escherichia coli, by the principle of competition for attachment
sites. If GAC interferes with attachment of E. coli, then this is one possible explanation for how
GAC might enhance absorption of colostral IgG, because other studies have reported that passive
transfer of IgG in calves is negatively associated with total bacteria counts, and especially total
coliform counts, in colostrum (Godden et al., 2012). The latter study also reported that a reduced
risk of illness was associated with improved serum IgG concentrations in calves fed heat-treated
colostrum containing lower total coliform counts.
Although the results of the Lazarevic et al. (2010) study are encouraging, the study was
limited in sample size, and the authors did not report on several potentially important details
regarding the methods used or parameters measured, including calf weights, colostrum quality,
colostrum bacteria counts, or the effect of treatment on apparent efficiency of absorption of IgG
(AEA, %). Lazarevic et al. (2010) recommended that further studies be completed to investigate
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the nature and possible modes of action involved in enhancing blood IgG concentrations in
young animals, and the longer term effects this may have on the development of the immune
response. The primary objective of the current study was to investigate the effects of
supplementing colostrum replacer with GAC on passive transfer of colostral IgG. A secondary
objective was to evaluate the effect of treatment on health and growth in the preweaning period.
The hypothesis was that supplementing colostrum replacer with GAC should result in improved
absorption of colostral IgG, resulting in improved serum IgG concentrations and, subsequently,
improved health and growth in newborn calves.

5.3 MATERIALS AND METHODS

5.3.1 Calf Enrollment and Sampling
The Institutional Animal Care and Use Committee of the University of Minnesota (St.
Paul) approved all procedures described in this study. This study was conducted between
October 2011 and May 2012 on a large commercial Holstein dairy farm in western Wisconsin. In
total, 240 calves from a single herd were enrolled in this study. Before calving, dry cows from
two milking barns were housed together in a 400-stall transition cow facility during the entire
dry period and for the first 15 to 25 d after calving. Close-up cows and heifers were housed in
freestall pens that were observed hourly. Animals were moved to individual maternity pens when
signs of imminent calving were detected. Cows were observed throughout the entire calving
process and calves were separated from their dams within 60 min of birth. Calves were observed
continuously between birth and removal to ensure that no suckling of the dam occurred. To be
eligible for enrollment in this study, all calves, bulls and heifers, had to be from single births,
weigh ≥31.5 kg at birth, and have a calving ease score of ≤4 on a scale of 1 to 5. Calving ease
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score was defined using the following scale: 0 = unobserved, 1 = observed but unassisted, 2 =
easy pull, 3 = moderate pull, 4 = hard pull, and 5 = caesarean section or uterine torsion. As all
calves were observed during birth, no calves included in this study had a calving ease score of 0
or 5.
Before colostrum replacer (CR) feeding, each newborn calf was weighed using an
electronic scale, identified using a unique ear tag according to its dam (ID), had its navel dipped
in a 7% tincture of iodine solution, and then placed in a small group pen (3.6 × 3.6 m) bedded
with fresh straw for 24 h following birth. A 10-mL prefeeding blood sample was collected from
the jugular vein using a serum Vacutainer tube (Becton Dickinson, Franklin Lakes, NJ) and then
the calves were randomly assigned to 1 of 2 treatment groups: GAC or control (CON).
Randomization of calf to a CR treatment group was completed within blocks of 8 calves by birth
order, using a predetermined spreadsheet. All calves were fed 1.5 doses (150 g of IgG) of 100%
lacteal-based CR (Land O’Lakes Colostrum Replacer; Land O’Lakes Inc., Arden Hills, MN)
within 3.5 h of life using an esophageal tube feeder. The CR powder was mixed into 3 L of warm
water before tube feeding. Control calves received CR only, whereas treatment calves had 30 g
of a commercial GAC product (Bio-Mos, Alltech Inc., Nicholasville, KY) mixed into the CR
solution immediately before feeding. The GAC was a derived from a specific strain of yeast.
At the time of enrollment, information recorded included calf ID, dam ID, birth date,
birth time, sex, calving ease score (1 to 4), birth weight (kg), time at CR feeding (min), and CR
treatment group assigned (GAC or CON). Between the single CR feeding and 24 h of age, calves
were offered 1.9 L of a commercially available milk replacer twice daily using a nipple bottle
(Amplifier Max, Land O’ Lakes Animal Milk Products, Arden Hills, MN; 22% all-milk CP, 20%
crude fat). At 24 h of age, a postfeeding10-mL blood sample was collected from the jugular vein
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using a serum Vacutainer tube (Becton Dickinson, Franklin Lakes, NJ). At this point, all calves
were moved from the group pen and placed into individual freshly bedded hutches. Bull calves
were sold and removed from the farm once per week and therefore exited the trial after the 24-h
blood sample was collected.

5.3.2 Collection of Growth and Health Record for Preweaned Heifer Calves
Heifer calves were raised in individual hutches and fed 3.8 L of pasteurized waste milk
supplemented with a pasteurized milk balancer (Land O’ Lakes Pasteurized Milk Balancer, 25%
CP, 10% crude fat; Land O’ Lakes Inc.), added as a fixed quantity for a given volume of milk,
twice daily. Starting at 3 d of age, heifers were offered free-choice water and commercial starter
pellet (20% CP).
Fecal scores were recorded by the study technician 3 times per week until 14 d of age.
Fecal scores were based on a 4-point scale as previously described by McGuirk (2008): 1 =
normal consistency, 2 = soft, semi-formed feces, 3 = loose feces, and 4 = watery feces that sift
through bedding material. Clinical disease occurrence, including treatments for pneumonia,
diarrhea, and other diseases, plus death events were recorded daily by farm staff using
standardized farm protocols. Farm personnel were blinded to CR treatment groups. Weaning
weights were measured by the study technician at 7 wk of age using a heart girth measuring tape.
Average daily gain (kg/d) was calculated by calculating the gain in weight between birth and wk
7 of age, and then dividing this value by the interval in days.
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5.3.3 Sample Analysis Procedure
Pre (0 to 1 h)- and post (24 h)-CR feeding venous blood samples collected from all calves were
refrigerated for a minimum of 6 h and allowed to clot. They were then centrifuged (model DSC158T Digisystem Laboratory Instruments Centrifuge; Digisystem Laboratory Instruments Inc.,
New Taipei City, Taiwan) at 10,000 rpm for 10 min and serum was separated. Serum samples
were frozen at −20°C until submission on ice to the Saskatoon Colostrum Co. Ltd. Quality
Assurance Laboratory (Saskatoon, Canada) for determination of serum IgG concentration
(mg/mL) and serum total protein (STP; g/dL) by means of radial immunodiffusion as described
by Chelack et al. (1993). Apparent efficiency of absorption of IgG (%) was calculated to
estimate the percentage of the mass of IgG consumed that was absorbed by the calf. The
equation used assumes that the calf plasma volume is 9.9% of its birth weight in kilograms
(Quigley et al., 1998, 2002). The equation was (serum IgG concentration at 24 h − serum IgG
concentration at 0 h) × weight of the blood of the calf/150 g of IgG fed × 100.

5.3.4 Statistical Analyses
The a priori sample size calculations for this study were determined based on the primary
outcome of serum IgG at 24 h of age. It was estimated that 125 calves per treatment group would
provide 95% confidence and 80% power to detect a predicted difference in serum IgG of 2
mg/mL (CON = 20 mg/mL, GAC = 22 mg/ mL; SD = 5.5 mg/mL; 2-tailed test). For the
secondary outcomes (effect of treatment on health and growth), it was known that group sizes
would be reduced by approximately half due to the loss to follow-up of bull calves. As such, a
treatment effect would be detected only if large differences existed between CON and GAC
groups. An estimated 62 heifer calves per group would provide 95% confidence and 80% power
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to detect a 50% difference in risk for scours (assumptions: CON = 30% with scours, GAC = 15%
with scours, 2-tailed test).
The data were analyzed using Stata 11 statistical software (StataCorp LP, College
Station, TX). Descriptive statistics were generated to describe, by treatment group, calf
characteristics at enrollment [serum IgG (mg/mL) and STP (g/dL) at 0 h, sex ratio, calving ease
score, birth weight, time to CR feeding], the primary outcomes measured for all calves
describing passive transfer of IgG [AEA IgG (%), serum IgG (mg/mL), and STP (g/dL) at 24 h],
and the secondary outcomes measured between birth and weaning for heifer calves [BW at 7 wk,
ADG between birth and 7 wk, proportion treated for scours by farm staff between birth and 7
wk, proportion with severe scours (fecal score = 4) as diagnosed by the study technician in the
first 14 d, proportion treated for pneumonia by farm staff between birth and 7 wk, and proportion
died between birth and 7 wk]. One calf (CON) with a calculated AEA of 93% was considered to
be an outlier, based on lack of biological plausibility, and was therefore removed from the data
set before analysis.
Linear regression was used to describe the relationship between CR treatment (CON vs.
GAC) and each of the following continuous descriptor or outcome variables measured: birth
weight (kg), calving ease score (0 to 4), age at CR feeding (min), STP at 0 and 24 h (g/ dL),
serum IgG at 0 and 24 h (mg/mL), AEA IgG (%), ADG (kg/d), and BW at 7 wk (kg).
Logistic regression was used to describe the relationship between CR treatment (CON vs.
GAC) and each of the following dichotomous descriptor or outcome variables measured: sex
(male/female), risk for treatment for scours by farm staff between birth and 7 wk, risk for severe
scours (fecal score = 4) as diagnosed by the study technician during the first 14 d, risk for
treatment for pneumonia by farm staff between birth and 7 wk, and risk for death between birth
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and 7 wk. In addition to CR treatment group (CON vs. GAC), which was forced into all logistic
and linear regression models, additional parameters offered into all models to improve model
efficiency or control for potential confounding included calf sex, birth weight (kg), age at CR
feeding (min), and calving ease score (1 to 4). An initial cut-off value of P < 0.2 was used as a
prerequisite to include one of these additional covariates into a multivariable model that included
CR treatment group. A backward stepwise technique was then used to remove all nonsignificant
terms, with the exception of CR treatment group, which was forced. Interactions between CR
treatment group and any other remaining significant covariates were investigated. Confounding
effects were assessed according to biological plausibility, with confounding parameters retained
in the multivariable model according to significance and impact on the estimated coefficient for
CR treatment effect greater than 20%. The assumption of linearity was assessed visually with the
residuals distribution for all linear and logistic regression models. The existence of collinearity
between predictors was also tested for all linear and logistic regression models. The assumptions
of homoscedasticity and normality were assessed visually using the residuals distribution. Final
significance of variables was declared at P < 0.05. Pearson and deviance residuals were used to
assess the overall fit of the logistic models.

5.4 RESULTS

5.4.1 Calf Characteristics
In total, 240 newborn Holstein calves (129 heifers, 111 bulls) were enrolled in the study.
The mean birth weight (kg), age at CR feeding (min), 0-h STP (g/dL), and 0-h serum IgG
(mg/mL) were not different between CR treatment groups (Table 5.1; P > 0.05). Serum total
protein at 0 h ranged from 3.8 to 5.5 g/dL and serum IgG concentration at 0 h ranged from 0.2 to
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2.4 mg/mL. Immunoglobulin G concentrations at 0 h >1.0 mg/mL were found in 13 calves
(5.4%) and >2.0 mg/mL in 4 calves (1.7%). As calves were continuously observed from birth
and removed before any suckling of their dams, those calves were not excluded from the
analysis. Calving ease score was different between treatments, with calves that received the CR
supplemented with GAC having slightly easier calving on average then control calves (Table
5.1). This difference resulted in calving ease being offered as a covariate in each regression
model. Apart from this, we observed no other differences in enrollment characteristics between
CON and GAC calves.

5.4.2 Effects of Treatments on Passive Transfer of IgG
Based on the results of multivariable regression models, the addition of 30 g of GAC to
1.5 doses (150 g of IgG) of CR did not influence passive immune transfer in newborn Holstein
dairy calves as indicated by similar AEA IgG (%), STP (g/dL), and serum IgG (mg/mL)
concentrations between groups at 24 h of age (Table 5.2; P > 0.05). The average (range) serum
IgG and STP measures for all calves in the trial were 20.2 (7.4 to 33.5 mg/mL) and 5.7 (4.7 to
7.0 g/dL), respectively. Only 3 calves (1.3%) did not achieve adequate passive transfer (serum
IgG <10 mg/mL), with 1 and 2 calves in the CON and GAC groups, respectively. The average
AEA IgG observed in this trial was 54.1%, ranging from 20.7 to 80.5%.
Although CR treatment group was not associated with passive transfer measures, other
covariates were found to be associated with some of these outcomes. The serum IgG level at 24 h
after CR ingestion decreased with increased birth weight and increased significantly in calves
born with a calving ease score of 3 or 4 compared with calves with unassisted birth (calving
score 1; Table 5.2). Serum total protein at 24 h after CR feeding was positively associated with
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STP at 0 h; calves with higher initial STP also demonstrated higher STP at 24 h (Table 5.2).
Serum total protein at 24 h was also associated with birth weight and time between birth and CR
feeding; heavier calves had lower STP, and calves with a longer interval (min) between birth and
feeding had a small increase in STP at 24 h (Table 5.2). However, it should be noted that all
calves were fed CR within 3.5 h of birth. The linear regression model evaluating the effects of
treatment on AEA of IgG used robust standard errors, as homoscedasticity could not be
achieved, even when using a variety of transformations. Using this model with robust standard
error, AEA was not affected by the CR treatment but was associated with calving ease score:
calves from a more difficult calving (scores 3 and 4) had significantly higher AEA (Table 5.2).
Numerically, we observed no difference in AEA IgG observed in the 2 treatment groups (CON =
54.0 vs. GAC = 54.3%).

5.4.3 Effects of Treatment on Health and Growth
5.4.3.1 Health
The overall proportions of all heifer calves experiencing a scours event, a pneumonia event, or a
death event were 30.2, 50.4, and 9.3%, respectively, from birth to 7 wk of age. The addition of
GAC in CR did not affect any measure of calf health (Table 5.3; P > 0.05). The median age at
diagnosis of a first pneumonia event for the heifer calves was 19 d, ranging from 3 to 48 d of
age. The median age at diagnosis of a first diarrhea event was 13 d, ranging from 2 to 40 d of
age. The proportion of heifers exhibiting a fecal score of 4 (severe scours) during the first 14 d of
life was 18.6%. A total of 12 (9.3%) heifer calves (6 CON, 6 GAC) died in the interval between
birth and 7 wk of age.
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5.4.3.2 Growth
The mean weight for all heifer calves at 7 wk of age was 82.4 kg, ranging from 46.4 to 105.3 kg.
The mean ADG for all heifer calves between birth and 7 wk was 0.84 kg/d, ranging from 0.3 to
1.2 kg/d. Based on the results of the multivariable regressions, neither BW at 7 wk of age nor
ADG between birth and 7 wk of age was affected by CR treatment (Table 5.4). Not surprisingly,
birth weight was positively associated with BW at 7 wk of age (Table 5.4).

5.5 DISCUSSION
This is the first study to evaluate the effect of supplementing CR with GAC on measures
of passive transfer, health, and growth in commercial dairy calves. The use of 1.5 doses of CR,
providing 150 g of IgG, resulted in high levels of passive transfer, with overall mean serum IgG
and STP concentrations at 24 h averaging 20.2 mg/mL and 5.7 g/dL, respectively, but did not
differ between CR treatments. Among all calves enrolled, only 1.2% had FPT, compared with an
FPT rate of approximately 19.2% on US dairy operations (Beam et al., 2009). The average AEA
of IgG (%) for this study, at 54.1% (range: 20.7 to 80.5%), was higher than in previous reports in
the literature. For example, in earlier studies, Godden et al. (2009a,b) reported AEA of IgG
varying from 36 to 51% when feeding the same CR replacer as was used in the current study.
The high levels of passive transfer might be explained by the application of rigorous protocols
for CR feeding management of newborns (although the aforementioned studies used similar
enrollment and feeding protocols), and by the fact that this study was conducted during winter,
whereas others were during summer when heat stress might negatively affect IgG absorption.
Interestingly, Lazarevic et al. (2010) reported serum IgG concentration at 24 h of 43 to 58
mg/mL. These serum IgG concentrations are considerably higher than those reported in the
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current study and higher than concentrations typically reported in other colostrum studies in
dairy calves, with mean IgG concentrations often ranging between 12.1 and 20.7 mg/mL,
depending on a variety of factors including the type, quality, volume, and timing of colostrum
administered (Arthington et al., 2000; Swan et al., 2007; Godden et al., 2009b). Because the
assays used to measure serum IgG among the different studies were not standardized between
laboratories, it is unknown how the absolute levels measured in the two studies would compare.
We hypothesized that the GAC additive evaluated in the current study would improve
passive transfer of IgG and, subsequently, the preweaning health and growth of treated calves.
Based on earlier studies, we hypothesized that this effect, if it truly existed, might be mediated
through the relationship between the gut and the immune system by the effect of competition in
the gut between pathogenic bacteria and GAC (Spring et al., 2000); pathogenic bacteria in the
gut have been found to reduce the uptake of immunoglobulin in newborn calves (James et al.,
1981). Furthermore, feeding colostrum with high total bacteria counts, especially high coliform
counts, has been negatively associated with IgG absorption (Godden et al., 2012). As such, the
supplementation of colostrum with GAC could theoretically interfere with the attachment of
pathogenic bacteria in the gut, thereby allowing for greater absorption of IgG. However,
according to the results of the current experiment, the addition of GAC to a commercial CR did
not improve passive transfer of IgG, health, or growth in commercial dairy calves. These
findings conflict with those of Lazarevic et al. (2010), who reported higher serum IgG levels in
calves fed 22.5 g of GAC mixed into 4.5 L of whole maternal colostrum (5 g/L) fed in 3 feedings
at 2, 12, and 24 h after birth (Lazarevic et al., 2010). The difference in study findings could be
attributed to one or more factors that differed between the Lazarevic study and the current study,
including the type of colostrum fed (whole maternal colostrum vs. CR), the mass of IgG fed
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(unknown for Lazarevic study; 150 g for current study), the number of feedings (3 vs. 1),
colostrum total bacteria or coliform bacteria concentrations (undetermined for Lazarevic study;
total plate count <1 × 105, no coliforms or Salmonella in the CR used in the current study), route
of colostrum administration (unknown vs. esophageal tube feeder), study size (24 vs. 240
calves), and regional or seasonal differences. Moreover, the study presented here fed a slightly
higher dose of GAC (30 g), averaging 0.7 g/kg of BW compared with the Lazarevic study, which
fed GAC at 0.6 g/kg of BW.
Of the differences in study methods listed above that could explain the conflicting study
findings, one of the most intriguing is the question of different levels of colostral total bacteria
and perhaps different colostral coliform levels between the whole (pooled) maternal colostrum
fed in the Lazarevic et al. (2010) study compared with the commercial CR fed in the current
study. Although those authors did not report bacterial culture results for the colostrum fed, it is
known from observational studies of colostrum fed on US dairy farms that a high proportion of
colostrum fed to calves has excessively high total bacteria concentrations, exceeding 100,000
cfu/mL (Morrill et al., 2012). Unfortunately, Lazarevic et al. (2010) did not complete bacterial
culture and were unable to report levels of bacterial contamination in the colostrum. In contrast,
the commercial colostrum replacer fed in the current study is licensed under the USDA Center
for Veterinary Biologics (CVB). As such, its purity, potency, and efficacy are carefully
regulated, tested, and guaranteed. Purity requirements, described in 9CFR 113.450(h)(2)
(USDA-APHIS, 2014), allow a specified total bacteria count, but coliforms, Salmonella, and
fungi may not be present. As such, the coliform bacteria count in the CR fed in the current study
would be expected to be negligible, with only some minor contamination possible during the CR
mixing and feeding processes on-farm, compared with the potentially high total bacteria and total
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coliform counts in the pooled maternal colostrum fed in the Lazarevic et al. (2010) study.
Although we cannot investigate this hypothesis with the data collected in the current study, if it
is true that GAC acts positively on passive transfer of IgG by interfering with attachment of
bacteria such as E. coli in the gut, and if E. coli or other bacteria interfere with IgG absorption, as
has been suggested by previous studies (James et al., 1981; Godden et al., 2012), then it is
possible that differences in levels of colostrum bacterial contamination, and especially coliform
bacteria, could explain differences in study findings concerning the effect of GAC addition on
passive transfer parameters. Specifically, when combining commercial CR and GAC, benefits of
GAC addition were not found, potentially due to a low level of bacterial contamination of the
CR. Conversely, if the maternal colostrum fed in the Lazarevic et al. (2010) study did have high
levels of bacterial contamination, then perhaps a greater opportunity existed for GAC to
demonstrate a positive effect on passive transfer by interfering with bacterial colonization of the
gut, if this treatment effect does truly exist. This hypothesis should be further investigated by
repeating this study to evaluate the effect of supplementing colostrum with GAC when using
whole maternal colostrum with higher, and more variable, concentrations of bacteria in the
colostrum.
Health, growth, and survival measures were evaluated as secondary outcomes of this
study. No effect of GAC addition to colostrum replacer was found for any of the health or
growth parameters measured. However, given that sample sizes were not originally calculated
with health outcomes in mind, readers should interpret these results with caution. The relatively
small sample size of 129 heifer calves (CON = 60; GAC = 69) might not have provided
sufficient power to detect modest differences in calf health. Nonetheless, we did not observe
biologically important numerical differences between treatment groups for any of the health

177

outcomes evaluated. These results are in contrast to what was originally hypothesized: if GAC
enhanced serum IgG concentrations or reduced colonization of the gut by pathogens such as E.
coli or Salmonella spp., then addition of GAC to the CR would be expected to reduce calfhood
disease events, and particularly enteric disease, as well as mortality. One limitation of the current
study was that diagnostic testing was not performed to describe the etiology of the scours
observed in study calves. In future, researchers investigating the supplementation of colostrum
with GAC might consider conducting fecal analysis to document the effect of treatment on the
incidence of scours caused by specific pathogens (e.g., E. coli or Salmonella spp.) and the level
of fecal shedding of various enteric pathogens.

5.6 CONCLUSIONS
The addition of 30 g of GAC to 1.5 doses (150 g of IgG) of colostrum replacer, fed by
esophageal tube within 3.5 h of birth, did not affect passive transfer of IgG or health and growth
measures between birth and 7 wk of age in Holstein dairy calves reared on one commercial US
dairy farm. Further studies are warranted to investigate if the use of GAC in whole maternal
colostrum would affect passive transfer, health, and performance of neonatal calves.
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Table 5.1. Characteristics of newborn calves fed 1.5 doses (150 g IgG) of colostrum replacer by
esophageal tube feeder with (GAC; n = 119) or without (CON; n = 121) addition of 30g of gut
active carbohydrates based on univariable linear models
Parameter
Level
Mean (SD, range)
Model 1: Y = Time at colostrum feeding, min.
Treatment
GAC
79 (33; 30 – 180)
CON
81 (36; 25 – 195)
Model 2: Y = Birth weight, kg.
Treatment
GAC
41.9 (5.5; 30.6 – 58.1)
CON
41.6 (5.1; 31.5 – 60.3)
Model 3: Y = Calving ease score.
Treatment
GAC
1.6 (0.8; 1 – 4)
CON
1.9 (0.9; 1 – 4)
Model 4: Y = Serum IgG at 0 hours, mg/mL.
Treatment
GAC
0.39 (0.29; 0.2 – 2.0)
CON
0.43 (0.40; 0.2 – 2.4)
Model 5: Y = Serum Total Protein at 0 hours, g/dL.
Treatment
GAC
4.53 (0.31; 3.9 – 5.5)
CON
4.55 (0.30; 3.8 – 5.2)

β (SE)

95% CI

P-Value

-2.133 (4.453)
Referent

-10.905 – 6.639
.

0.632
.

0.295 (0.679)
Referent

-1.043 – 1.633
.

0.665
.

-0.254 (0.109)
Referent

-0.470 – -0.039
.

0.021
.

-0.039 (0.045)
Referent

-0.128 – 0.050
.

0.390
.

-0.018 (0.039)
Referent

-0.095 – 0.058
.

0.635
.
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Table 5.2. Effects of supplementing colostrum replacer with 30 g of gut active carbohydrates on
passive transfer measures for newborn calves at 24 hours of age (CON = 121; GAC = 119)
Parameter
Level
Mean (SD, range)
β (SE)
95% CI
P-Value
Model 1: Y = Serum IgG at 24 hours, mg/mL.
Treatment
GAC
20.24 (4.16; 7.4 – 33.5)
0.216 (0.512)
-0.793 – 1.225
0.674
CON
20.21 (3.80; 9.4 – 28.4)
Referent
.
.
Birth weight
.
.
-0.266 (0.045)
-0.356 – -0.177
< 0.001
Calving Ease Score 4
22.50 (1.68; 20.3 – 26.3)
2.649 (1.300)
0.088 – 5.211
0.043
3
21.68 (3.59; 14.7 – 29.1)
1.805 (0.762)
0.304 – 3.306
0.019
2
19.76 (3.80; 8.4 – 27.9)
-0.124 (0.573)
-1.254 – 1.005
0.828
1
19.91 (4.21; 7.4 – 33.5)
Referent
.
.
Model 2: Y = STPa at 24 hours, g/dL.
Treatment
GAC
5.68 (0.44; 4.7 – 7.0)
0.015 (0.049)
-0.081 – 0.111
0.757
CON
5.69 (0.41; 4.8 – 6.7)
Referent
.
.
STP at 0 h
.
.
0.511 (0.082)
0.350 – 0.672
< 0.001
Birth weight (kg)
.
.
-0.024 (0.005)
-0.033 – -0.015
< 0.001
Time at feedingb
.
.
0.002 (0.425)
0.000 – 0.003
0.010
Model 3: Y = AEA IgGc, %.
Treatment
GAC
54.3 (10.38; 20.7 – 80.5)
0.862 (1.332)
-1.764 – 3.487
0.519
CON
54.0 (10.42; 22.4 – 78.5)
Referent
.
.
Calving Ease Score 4
62.7 (4.38; 55.9 – 70.8)
9.786 (1.671)
6.494 – 13.079
< 0.001
3
58.2 (8.62; 41.1 – 75.4)
5.216 (1.778)
1.713 – 8.719
0.004
2
52.7 (10.39; 20.7 – 80.5)
-0.401 (1.557)
-3.468 – 2.666
0.797
1
53.2 (10.65; 20.7 – 78.9)
Referent
.
.
a
STP = Serum total protein (g/dL).
b
Time between birth and colostrum feeding in minutes.
c
AEA = Apparent efficiency of absorption of IgG at 24 h (%) for witch robust standard errors are being reported
due to lack of homoscedasticity.
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Table 5.3. Effects of supplementing colostrum replacer with 30 g of gut active carbohydrates on
health measures for heifer calves between birth and seven weeks of age (CON = 60; GAC = 69)
Parameter
Level
% (n/N)
Odd ratio (SE)
Model 1: Y = Fecal score of 4 between birth and 14 daysa.
Treatment
GAC
21.7 (15/69)
1.57 (0.731)
CON
15.0 (9/60)
Referent
Model 2: Y = Pneumonia event between birth and 7 weeksa.
Treatment
GAC
50.7 (35/69)
1.06 (0.378)
CON
50.0 (30/60)
Referent
Model 3: Y = Scours event between birth and 7 weeksa.
Treatment
GAC
29.0 (20/69)
0.93 (0.360)
CON
31.7 (19/60)
Referent
Model 4: Y = Death between birth and 7 weeksa.
Treatment
GAC
8.7 (6/69)
0.86 (0.520)
CON
10.0 (6/60)
Referent
a
No additional variables were statistically significant or acted as confounder.

95% CI

P-Value

0.633 – 3.913
.

0.329
.

0.531 – 2.134
.

0.859
.

0.435 – 1.988
.

0.851
.

0.261 – 2.813
.

0.799
.
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Table 5.4. Effects of supplementing colostrum replacer with 30 g of gut active carbohydrates on
growth measures for heifer calves between birth and seven weeks of age (CON: n = 54; GAC: n
= 63)
Parameter
Level
Mean (SD, range)
β (SE)
Model 1: Y = Weight at 7 weeks of age, kg.
Treatment
GAC
83.0 (9.54; 51.3 – 105.3)
1.205 (1.742)
CON
81.8 (10.69; 46.4 – 105.3)
Referent
Birth weight
.
.
0.827 (0.192)
Model 2: Y = Average daily gain over 7 weeksa, kg/d.
Treatment
GAC
0.84 (0.18; 0.3 – 1.2)
0.006 (0.032)
CON
0.84 (0.17; 0.3 – 1.2)
Referent
a
No additional variables were statistically significant or acted as confounder.

95% CI

P-Value

-2.246 – 4.655
.
0.446 – 1.207

0.491
.
< 0.001

-0.058 – 0.069
.

0.856
.
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CHAPTER 6: GENERAL CONCLUSIONS
The recently published literature on calving in dairy cows focuses mainly on the
detection of calving difficulties and dystocia and their effects on dams and calves. Many
management recommendations exist on the diverse elements surrounding parturition, but very
few of these recommendations are evidence-based and little to no information is available on
compliance with these recommendations within the industry in Canada (Mee, 2008a; DFCNFACC, 2009; Rushen et al., 2009). Because the management of the entire periparturient period
and especially the management of parturition itself can affect the dams’ and calves’ survival,
productivity, behaviour, and welfare, it is essential that the prevalence and impacts of
management strategies used around calving are well understood (Meyer et al., 2000; Mulligan
and Doherty, 2008; Mee, 2013). Ideally, the best management of periparturient dairy cows and
calves is thought to be accomplished by the implementation of simple on-farm protocols, but
several knowledge gaps still exist on a variety of calving management strategies so the
development of evidence-based protocols remains difficult (Mee, 2008a; 2008c; Fishwick,
2011). The main goals of my thesis were to collect information on the prevalence of known
practices surrounding calving, and to assess the effects of specific practices around calving on
Holstein dairy calves. Specifically, I evaluated the prevalence of a variety of calving
management practices on Canadian dairies according to their size and type, the effects of early
systematic obstetrical assistance during the second stage of parturition on dairy calves, and
whether the addition of gut active carbohydrate to colostrum replacer would promote passive
immune transfer in dairy calves.
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6.1 SUMMARY OF MAJOR FINDINGS
The first study (Chapter 2) was a survey of 236 dairy farms in three Canadian provinces
designed to estimate the prevalence of a range of management practices done before, during, and
after calving. The results of this survey suggested that the prevalence of some specific calving
management strategies used depends on the size and type of farm. Based on this survey, the most
commonly used types of calving area were group calving pens and individual maternity pens,
which was expected based on the results of a recent USDA survey (2010). Bigger farms more
commonly used group calving pens than any other types of calving area. Tie-stalls, normal or
specially adapted, were, however, the most commonly used type of calving area on tie-stall
farms. The use of tie-stalls for calving has been reported previously on tie-stall farms (Vasseur et
al., 2010), but our survey presents for the first time the prevalence of their use on free-stall farms
and farms with automatic milking systems. The high number of farms using tie-stalls for calving
is of concern as it is thought to be a risk factor for the animals’ welfare (Vasseur et al., 2010).
We also found that the prevalence of systematic assistance provided to all animals during calving
was high, especially for primiparous dams, and that only 7% of the farms surveyed had a written
calving protocol.
Despite finding a high prevalence of systematic assistance at calving among Canadian
dairy farmers, there is only one peer-reviewed publication about this type of assistance, and it is
on beef cattle and has few details describing the assistance method (Bellows et al., 1988;
Doornbos et al., 1984). Therefore, the second study (Chapters 3 and 4) was a randomized clinical
trial investigating the effects of providing systematic obstetrical assistance early during the
second stage of labor to Holstein dairy cows. More specifically, the objective of the third chapter
of this thesis was to present the effect on dairy calves of early obstetrical assistance on the
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probability of stillbirth, vigor indicators at birth, and passive immune transfer within the first 24
hours of life. This clinical trial was conducted on a commercial farm, but under very strict
conditions with a single observer/obstetrician for all calvings to eliminate the bias introduced by
multiple intervenors. In this trial, there were two treatments that were initially assigned to the
parturient animals, and four final calving intervention groups because some cows calved
unassisted before they could receive early assistance, and some cows assigned to the unassisted
group received late assistance when they did not calve after the one hour time limit. Between
assigned treatments, calves assisted early were more vigorous at birth and between final
interventions, calves assisted early were also more vigorous than unassisted calves, and calves
assisted after 1 hour. These findings were contrary to previously published data on calving
assistance in general, but this could be due to the difference in the timing and nature of assistance
in our study compared to others (Barrier et al., 2012; Murray, 2014). In both Barrier et al. (2012)
and Murray (2014) studies, calving assistance was generally provided at least 1 hour after the
appearance of the amniotic sac, due to a lack of progress or signs of distress of either the cow or
calf. Between final calving interventions in my study, calves that were assisted late had a
significantly higher stillbirth rate than both unassisted and early assisted calves and took
significantly longer to achieve sternal recumbency after birth compared to unassisted calves. We
concluded that providing early obstetrical assistance to Holstein dairy cows did not negatively
impact their calves in terms of stillbirth, vigor, and passive immune transfer.
The fourth chapter focused on the effect of early obstetrical assistance on the growth,
health, and survival of heifer calves to weaning at 7 weeks of age. Birth weight had a positive
association with weight at 7 weeks, but the impact varied by both the assigned, and final calving
intervention groups. However, the average daily gain, pneumonia and diarrhea incidence, and
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survival to 7 weeks of Holstein heifer calves was not affected by early obstetrical assistance
provided at birth compared to unassisted animals.
The final objective of this thesis (Chapter 5) was to evaluate the effect of adding gutactive carbohydrate to colostrum replacer on dairy calves’ passive immune transfer and the
growth and health of heifer calves to weaning. This study was done to investigate the
controversial findings of another recently published study that suggested the addition of gutactive carbohydrates to colostrum greatly improved passive immune transfer (Lazarevic et al.,
2010). We found that the addition of gut active carbohydrates to colostrum replacer in a
commercial setting did not improve passive immune transfer nor reduce the incidence of
diarrhea, pneumonia, and survival, and no significant difference was observed in the growth of
heifer calves up to the time of weaning. The difference in the findings between the Lazarevic et
al. (2010) study and my study may be partially explained by the difference in the methods used.
Our study took place on a commercial farm, colostrum replacer was used instead of pooled
maternal colostrum, and a greater number of calves were enrolled compared to the Lazaveric et
al. (2010) study. However, the lack of benefits from the use of this product was supported by the
findings of a subsequent follow-up study that actually found the addition of gut-active
carbohydrate to maternal colostrum reduced passive immune absorption in dairy calves (Brady et
al., 2015).

6.2 MAIN LIMITATIONS
The main limitation of the survey presented in the Chapter 2 was the limited number of
questions and direct measures that could be included in the survey. More questions and
additional details on some of the management practices investigated would have been valuable to
better understand the current on-farm practices, details such as timing of the assistance provided
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or reason for using a specific type of calving area. Unfortunately, adding more questions or
details was impractical to add to the current survey since these questions already constituted a
part of a much larger questionnaire concerning a number of management issues on dairy farms
(Vasseur et al., 2015).
The main limitation of the systematic early calving assistance study, presented in
Chapters 3 and 4, was the limited number of animals in some of the final calving intervention
groups. The number of animals was especially reduced in the final intervention groups in which
animals were either too quick to be assisted or assisted late in parturition in the study presented
in Chapter 4. This limited number of animals may have prevented the detection of effects of the
different final calving interventions (i.e., type II error). If we used our current data to estimate a
sample size to detect the effects of calving interventions on the health of the heifer calves to
weaning, we would have needed to enroll more than 3,000 heifer calves. Clearly, any differences
are small and impacts would need to be measured over a long period on one facility, or involve
multiple farms. The use of a single obstetrician/calving observer to evaluate and assist all the
animals at calving gave strength to the clinical trial by reducing the variation that would
otherwise be introduced by the use of multiple observers and subjective measures. However, the
degree of training and strictness with which the assistance was provided for the purposes of this
study by the sole observer/obstetrician may have limited the external validity of the study. Using
manual force exclusively for calving assistance may have also limited the external validity of this
study since many producers use a calf puller when giving assistance, based on the results of the
survey. Yet, as this study was the first to investigate this management practice on dairy cattle, it
represents a crucial first step towards understanding the impacts of systematic calving assistance
on dairy calves.
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The use of colostrum replacer to assess the effects of the addition of gut-active
carbohydrate on the passive immune transfer may have limited the external validity of this study
as most farms actually use maternal colostrum for their calves. Since the completion of our
study, a follow-up study using maternal colostrum was done on the same farm and showed the
impact may in fact have negative consequences for calf health (Brady et al., 2015).

6.3 RECOMMENDATIONS
6.3.1 Research
The on-farm survey presented in Chapter 2 gathered new information on calving
practices in Canada, and also highlighted knowledge gaps on the effects of these common
practices. Future studies should gather information on the reasons why dairy producers use
certain management strategies around calving, and gather more details concerning some of the
practices noted in Chapter 2 including: placement of the calving area in the barn relative to
human traffic and biosecurity; the type of training provided to the personnel responsible for
calving assistance; and details on the way animals are assisted during calving. Researchers
should also examine the effects of some of the most common practices where major knowledge
gaps exist including the health impacts to dams and calves of the use of tie-stalls for calving, and
the time spent by the dams in the calving area prior parturition.
We concluded that providing early obstetrical assistance to Holstein dairy cows did not
negatively impact their calves overall, but further research needs to be conducted with a greater
number of animals, multiple obstetricians, and a longer follow-up period. Before definitive
recommendations can be formulated, the effect of systematic early obstetrical assistance on the
dams’ productivity, fertility, and welfare also needs to be evaluated. Studies examining the
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relationship between the timing of assistance, calving difficulty level, and method of assistance
on calf and dam health and productivity are also essential for the formulation of recommended
best practices and improving parturition management in the industry.
In terms of colostrum management, research should be focused on additives other than
gut-active carbohydrate such as selenium which has previously shown encouraging results. The
best practices of colostrum management are well known, but studies may need to be done to
investigate the adoption of these practices, such as testing colostrum quality before feeding it,
and the reasons that may limit the implementation of these practices.

6.3.2 Industry practices
Dairy industry advisors and other people working in technology transfer and knowledge
translation for dairy producers should use the information provided by the survey to target areas
where well-researched knowledge is available, but not used across the industry. For example, the
benefits of having clean and comfortable calving areas does not seem to be well understood
and/or implemented by Canadian dairy producers as 50% of the individual calving pens
evaluated in our study were found to have an unacceptable level of cleanliness despite poor
environmental hygiene being an important component in disease transmission to newborn calves
(Kennedy et al., 2014).
Based on the results of our randomized clinical trial on systematic early assistance at
calving, assisting all cows at calving with well-trained staff seems to be an appropriate
management practice. Consequently, farmers who wish to use this practice on their farms need
to, in consultation with their advisors and veterinarians, establish appropriate protocols and
training concerning calving assistance. Selecting, motivating and training caregivers to manage
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animals around calving is important to successfully manage the peri-parturient period for cows
and calves. Without appropriate staffing, practicing systematic early assistance during calving
may not have the same results; motivated caregivers that are attentive to detail are certainly
required. The animal caregivers also need be educated and receive training on how to evaluate
and assist dairy animals during calving in order to minimize the risk of injury to staff and
animals while also maximising the welfare, health, and productivity of dams and their calves.
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APPENDIX 1: QUESTIONNAIRE FOR CALVING MANAGEMENT PRACTICES
1. CALVING AREA
Q1.1 Where do calvings take place? (Select one or more and indicate the percentage)
A. Individual pen: …..............%
B. A specially adapted calving tie-stall: …..............%
C. Group calving pen: …..............%
D. Tied in a calving pen: …..............%
E. Regular tie-stall: …..............%
F. Regular free-stall: …..............%
G. Other: …..............%
Q1.2 Between how many calvings do you
A. Add new bedding __________nb of calvings
B. Change bedding __________nb of calvings
C. Wash* (* washing includes the use of soap) __________ nb of calvings
D. Disinfect** (** disinfecting includes the use of disinfectant) _________ nb calvings
Q1.3 What type of bedding do you mainly use in the calving area?
A. Straw
B. Sawdust
C. Woodshaving
D. Sand
E. Other Specify: …………………
Q1.4 How much bedding do you put in your calving area?
Show a ruler to the producer and note the measure in cm: ………………. cm
2. CALVING MONITORING
Q2.1 On average, how often is the calving area checked between the morning and the evening milking?
(Includes observations by an individual or by camera)
………………..times
Q2.2 On average, how often is the calving area checked between the evening and the morning milking?
(Includes observations by an individual or by camera)
…………………times
Q2.3 Do you use calving monitoring cameras?
A. Yes
B. No
3. CALVING PROTOCOL
Q3.1 Do you have a written protocol (Standard Operation Procedure) for calving?
A. Yes
B. No
Q3.2 Was this calving SOP/protocol developed in consultation with a veterinarian?
A. Yes
B. No
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Q3.3 Does this calving SOP/protocol include? (Choose one or more answers)
A. A method for calf pulling
B. A method for when and how to assist cows during a difficult calving
C. Use of gloves and lubricant
D. Other Specify: ……………………………………………
4. CALVING DETECTION, ASSISTANCE AND DIFFICULTY
Q4.1 When do you move a cow to the calving area? (Choose ONE option that fits the best)
A. At dry-off time
B. At the start of close-up period (approx. 3 weeks before expected calving)
C. When the first signs of calving are detected (e.g changes in behaviour, udder fill, bloody
mucus, etc.)
D. When the water bag or the calf appears
E. Other Specify………………….
Q4.2 On average, how long before calving is a cow moved in the calving area (choose the unit that fits
the best)?
Nb of hours: …………………..h OR Nb of days: …………………..d
Q4.3 On average, how long after calving is a cow moved out of the calving area (choose the unit that fits
the best)?
Nb of hours: …………………..h OR Nb of days: …………………..d
Q4.4 Q19 - When do you decide to assist the calving? (Read the following choices to producer and
choose one or more answers that correspond to the average management)
A. I assist all of the calvings by pulling the calf (systematic procedure)
B. After checking the cow and finding a problem
C. Every time a heifer is calving
D. Systematically at night or when nobody is going to be around for the next hours
E. When the expected calf has high value
F. When you suspect twins
G. Other Specify: ……………………
Q4.5 How do you usually assist a difficult calving?
A. Ropes
B. Chains
C. Chains and bar
D. Jack
E. You call the vet
Q4.6 When do you vaginally check for a problem (palpate the cow) at calving? (Read the following
choices to producer and choose one or more answers that correspond to the average management)
A. I always vaginally check (palpate) the cows at all calvings
B. When the waterbag has broken and the cow has not progressed. Specify: …………. min or h
C. When the cow is straining without progress for too long. Specify: ……………. min or h
D. When the calf’s feet has been visible for too long. Specify: ……………. min or h
E. Suspect malpresentation
F. Other Specify: ……………………
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Q4.7 Do you keep written records of difficult calvings?
A. Yes
B. No
Q4.8 How serious is the problem of difficulties at calving on your farm?
A. Not a problem (no difficulty at calving)
B. Minor problem
C. Moderate problem
D. Major problem
Q4.9 How many cows had difficulties at calving for the past year?
Nb of cows that had difficulties at calving: …………………………
Nb total of cows that calved: …………………………
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APPENDIX 2: IN-BARN MEASURES FOR CALVING MANAGEMENT PRACTICES
4.1. CALVING AREA
Q134. What are the dimensions (cm) of the calving area? Insert measures in table below.
If regular free-stall or tie-stall (answer E or F to Q42 in management questionnaire), do not fill.
Length (cm)

Width (cm)

Calving area 1
Calving area 2
Calving area 3
Calving area 4
Q135. What is the flooring-type (surface under bedding) of the calving area? Insert answers in table
below. If regular free-stall or tie-stall (answer E or F to Q42 in management questionnaire), do not fill.
A. Concrete
B. Rubber mat
C. Geotextile mattress
D. Sand
E. Waterbed
F. Dirt (composted/dried manure)
G. Other Specify: ………………………….
Flooring-type
Calving area 1
Calving area 2
Calving area 3
Calving area 4
Q136. Is the calving area equipped with a waterer (functioning) and a feeder? Insert answers in table
below. If regular free-stall or tie-stall (answer E or F to Q42 in management questionnaire), do not fill.
A. Yes
B. No
Waterer

Feeder

Calving area 1
Calving area 2
Calving area 3
Calving area 4
Q137. What is the cleanliness level* in the calving area environment? (Cleanliness of walls, moisture,
etc.) (Insert answers in table below). Cleanliness Score: A. Clean; B. Acceptable; C. Unacceptable.
* Use visual chart to answer to the question. If regular free-stall or tie-stall (answer E or F to Q42 in
management questionnaire), do not fill.
Cleanliness
Calving area 1
Calving area 2
Calving area 3
Calving area 4
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APPENDIX 3: NEWBORN CALF VIGOR ASSESSMENT
(Modified from Murray, 2014)
Calf id: ______________

Calf sex:

F

M

Date: ______________

Dam id: _____________

Birth time: ______________

Assessment time:

______________
Assigned calving txt:

Meconium
Staining
Tongue/Head

NA

EA

Normal: no
staining
0
Normal: no
swelling, tongue
not protruding
0

Actual calving intervention group:

TQ

VISUAL APPEARANCE
Slight: around
Moderate:
anal/tail head area extending over body
1
2
Tongue
Tongue protruding
protruding but not
and swollen
swollen
1
2

NA

EA

LA

Severe: completely
covered
3
Head and tongue
swollen, tongue
protruding
3

CALF INITIATION OF MOVEMENT
Time at sternal recumbency:

Head shake

Tongue pinch

Eye reflex

Mucous
membrane
color

GENERAL RESPONSIVENESS
Shakes head
Moves head away Twitches or flinches
vigorously
0
1
2
Actively
Attempts to
Twitches tongue
withdraws tongue
withdraw
0
1
2
Actively blinks
Slow to blink
Does not respond
and closes eye
0
1
2

Bright pink
0

< 80 bpm
2
Slow (~ 24 rrpm)
Respiration
rate
1
Licked at vigor score:
Yes
No
Heart rate

OXYGENATION
Light pink
1

Does not respond
3
Does not respond
3

Brick red

White/blue

2

3

RATES
80 – 100 bpm
0
Normal (~ 24 - 36 rrpm)
0

> 100 bpm
1
Fast (~ > 36 rrpm)
2
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