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NUTRITIONAL MANAGEMENT OF DAIRY CALVES 
FROM NEWBORN TO WEANING 

Amanda Fischer-Tlustos, Annemiek Welboren, and Michael A. Steele 
Department of Animal Biosciences, University of Guelph, Guelph, ON, N1G 2W1 

Email: masteele@uoguelph.ca  

TAKE-HOME MESSAGES 
• Diarrhea is the most common cause of calf morbidity and mortality; therefore, implementing well-

developed nutritional protocols is critical to calf productivity and health.
• It is essential to feed and adequate volume (> 3 L) of high-quality colostrum via esophageal tube or

nipple bottle during the first hours of life to ensure transfer of passive immunity.
• Colostrum and transition milk both contain a myriad of bioactive components that can positively

influence calf development and metabolism.
• The majority of U.S. dairy farms feed less than 6 L of milk per day during the preweaning period; yet

it is essential to feed calves elevated levels of milk during the first weeks of life when starter intake is
negligible to facilitate adequate body weight gain.

• Milk replacer and whole milk can largely differ in many aspects, including macronutrient
composition and structure. Further research evaluating the effects of feeding high levels of milk
replacer, without altering its composition, on calf development and health is required.

• Weaning can represent a significant production challenge when calves are fed elevated levels of milk
and varying amounts and forms of starch in starter preweaning; thus, the research community should
further investigate the interaction of milk feeding levels and starch in starter on calf development and
productivity during weaning.

INTRODUCTION 
Early life nutritional management of dairy 
calves can have both short- and long-term 
effects, from influencing incidence of illness and 
death to future reproductive efficiency and milk 
yield (Faber et al., 2005; Soberon et al., 2012; 
Gelsinger et al., 2015; Urie et al., 2018a). The 
dairy industry has greatly improved nutritional 
management of young calves during the past 
decade; yet, the incidence of morbidity and 
mortality has only decreased by 2.8 and 4.5%, 
respectively, since 2007 (USDA APHIS, 2007; 
Urie et al., 2018a). Digestive disorders (i.e., 
diarrhea) remain the most common cause of calf 
illness and death (Urie et al., 2018a), but can 
often be mitigated by using well-developed early 
life nutritional management programs. 
Specifically, this paper will focus on how 
gastrointestinal function and development is 
influenced by differential nutritional 
management during the neonatal, preweaning, 
and weaning phases of life.  

COLOSTRUM AND TRANSITION 
MILK FEEDING 

Ensuring Transfer of Passive Immunity  
It is well-known that neonatal calves depend on 
colostrum rich in immunoglobulin G (IgG) to 
acquire transfer of passive immunity (TPI). 
Specifically, approximately 3 to 4 L of 
colostrum containing > 50 g of IgG per L and a 
total bacterial count of < 100,000 cfu/mL should 
be fed to newborn calves within a few hours of 
birth to ensure successful TPI. Although the 
importance of proper colostrum management is 
well-known, a 2018 study reported that failure 
of transfer of passive immunity still occurs in 
12% of calves in the U.S. (Shivley et al., 2018). 
These results are based on the traditional “pass 
or fail” cut-point for failure of TPI of serum IgG 
< 10 mg/mL at 1 to 7 days of life. In contrast, 
recent re-evaluation of the traditional failure of 
TPI cut-point by a group of colostrum experts 
resulted in new recommendations for serum IgG 
cut-points that include multiple categories. 
Specifically, the authors recommend the 
following serum IgG categories of excellent 
(>25.0 g/L), good (18.0-24.9 g/L), fair (10.0-
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17.9 g/L) and poor (<10.0 g/L), with the 
expectation that > 40%, 30%, 20% and < 10% of 
calves fall within each category, respectively, at 
the herd level (Lombard et al., 2020). 
Unfortunately, only 32% of herds currently meet 
these recommendations (Lombard et al., 2020) 
and on-farm failure of TPI risks will 
consequently rise, motivating producers to 
achieve and surpass the “good” serum IgG 
threshold in young calves.  

There are multiple factors associated with failure 
of TPI, including infrequent monitoring of dams 
during the night, causing colostrum feeding to 
be delayed by 6 hours or more after the calf is 
born (Vasseur et al., 2010). The enterocytes of 
neonatal calves lose the ability to absorb intact 
macromolecules as time after birth increases, 
thus it is widely recommended to feed calves by 
the first 4 to 6 h after birth (Godden et al., 2008). 
Previous research indicated that absorption of 
IgG is largely influenced by the mass of IgG 
consumed rather than the time of first colostrum 
feeding (Osaka et al., 2014). Recently, Fischer et 
al. (2018b) standardized the mass of pooled 
colostrum (62 g of IgG/L) fed to calves (7.5% 
birth BW) and fed calves either during the first 
hour of life, at 6 h ,or at 12 h of life. The results 
demonstrated that when mass of IgG and volume 
of colostrum is standardized, calves fed during 
the first hour of life had a 28% increase in the 
maximum serum IgG concentration compared 
with calves fed at 6 h and 12 h. The results also 
revealed that calves fed at 6 h and 12 h did not 
differ in their IgG concentrations. This lack of 
difference suggests that there may be a critical 
time point between 1 and 6 h of life in which the 
degree of intestinal permeability to IgG 
decreases to a certain degree; thus, the authors 
recommended feeding colostrum by 6 h after 
birth to ensure TPI. 

Aside from the importance of the quality, 
quantity and timeliness of colostrum feeding, 
additional factors can influence failure of TPI. 
Specifically, feeding colostrum via nipple bottle 
or esophageal tube results in failure of TPI rates 
of 14% and 9%, respectively, at the population 
level (Shivley et al., 2018). Feeding colostrum 
via esophageal tube reduces the risk of failure of 
TPI, but it must be done by trained individuals 

to avoid inserting the tube in the trachea. A 
multitude of research, however, has identified no 
differences in serum IgG concentrations of 
calves fed > 3 L of colostrum (Bonk et al., 2016) 
or colostrum replacer (Godden et al., 2009; 
Desjardins-Morrissette et al., 2018). In contrast, 
calves fed only 1.5 L of colostrum replacer via 
esophageal tube had reduced serum IgG 
concentrations compared with calves fed 1.5 L 
via nipple bottle (Godden et al., 2009). Thus, it 
is possible that many U.S. dairy producers are 
not feeding the recommended 3 to 4 L of 
colostrum via nipple bottle, resulting in 
increased failure of TPI rates among these calves 
(Shivley et al., 2018). 

It is also important to note that feeding multiple 
meals of colostrum after the initial colostrum 
meal can positively influence serum IgG 
concentrations. Specifically, calves fed 
colostrum for 3 days after birth achieve greater 
serum IgG concentrations (30.4 ± 0.8 mg/mL) 
compared with calves fed whole milk (23.9 ± 
0.8 mg/mL) after the first colostrum meal (Hare 
et al., 2020). Calves fed multiple meals of 
colostrum also had improved gut development 
compared with their whole milk counterparts 
(Pyo et al., 2020). This finding suggests that 
colostrum plays an important role in not only 
providing TPI, but also in positively influencing 
development and function of the immature 
neonatal gastrointestinal tract. 

Promoting Gut Development 
The neonatal calf intestine hosts a wide array of 
microbial species that fundamentally influence 
the metabolism, immune system and overall 
physiology of the calf during early life. 
Establishment and maintenance of a healthy gut 
microbial community is associated with calf 
health and disease outcomes, and certain 
bacterial species are positively correlated with 
growth and negatively correlated with the 
incidence of diarrhea (Oikonomou et al., 2013). 
It has recently been demonstrated that colostrum 
feeding is critical to the development of 
intestinal microbiota (Malmuthuge et al., 2015), 
and delaying colostrum feeding up to 12 h after 
birth tends to reduce the prevalence of beneficial 
bacteria in the colon at 2 days of life (Fischer et 
al., 2018b). One of the major compounds in 
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colostrum that promotes gut microbial 
colonization is small polymers of simple sugars, 
known as oligosaccharides (OS). Concentrations 
of OS are up to 72 times greater in colostrum 
compared with whole milk (Fischer-Tlustos et 
al., 2020a). Feeding colostrum containing 
greater concentrations of OS is associated with 
the prevalence of the beneficial bacterium, 
Bifidobacterium, in the small intestine (Fischer 
et al., 2018a). Bovine OS have been shown to 
inhibit common pathogens implicated in calf 
diarrhea, namely enterotoxigenic Escherchia 
coli, in vitro and also may play a role in the 
uptake of IgG by enterocytes (Gill et al., 1999; 
Feeney et al., 2020). Yet, further research at the 
calf level is required to determine the specific 
mechanisms by which OS may influence gut 
development and immunity. 

In addition to ensuring TPI and promoting gut 
microbial colonization, colostrum contains 
macronutrients that stimulate the secretion of 
beneficial gut hormones, namely glucagon-like 
peptide (GLP)-1 and GLP-2. GLP-1 is known 
for stimulating insulin release and thus 
increasing glucose uptake for energy use, 
whereas GLP-2 is primarily involved in 
promoting gut development. In calves, 
colostrum feeding promotes the release of both 
hormones (Desjardins-Morrissette et al., 2018) 
and delaying colostrum feeding until 12 h after 
birth reduces serum concentrations of GLP-1 
and GLP-2 (Inabu et al., 2018). Reduced 
secretion of GLP-2 may explain why calves fed 
colostrum at 12 h after birth have reduced small 
intestinal villi height compared with calves fed 
immediately after birth (Fischer-Tlustos et al., 
2020b). Within colostrum, fat is the primary 
macronutrient hypothesized to stimulate the 
release of these beneficial gut hormones. Large 
amounts of colostral fat are also important for 
thermoregulation in newborn calves, as well as 
fueling their metabolism. Furthermore, omega-3 
fatty acids, which are elevated in colostrum 
compared with whole milk (Contarini et al., 
2014; O’Callaghan et al., 2020) can have 
prolonged benefits on immunity and the 
antioxidant status of calves (Opgenorth et al., 
2020). The bioactive components of colostrum, 
however, do not stop there. Colostrum also 
contains large amounts of growth factors, 

microRNAs, cytokines, hormones, and 
antimicrobial compounds that assist the calf in 
its ability to fight infection and promote 
gastrointestinal development and maturation 
(Blum and Hammon, 2000).  

Many of the aforementioned bioactive 
compounds are also elevated in transition milk, 
including OS (Fischer-Tlustos et al., 2020a), 
nucleotides (Gill et al., 2011), and hormones 
such as insulin and insulin-like growth factor-I 
(Blum and Hammon, 2000). Feeding a 1:1 
colostrum:whole milk mixture, to simulate 
transition milk feeding, after the initial 
colostrum meal can improve intestinal 
development compared with calves fed whole 
milk (Pyo et al., 2020), and has also been 
suggested to improve health status (Conneely et 
al., 2014). Unfortunately, after feeding 
colostrum, many producers, especially those 
with large herds, transition calves directly to 
whole milk or milk replacer feeding. Thus, many 
calves may be missing out on the additional 
benefits that result from feeding transition milk, 
which is commonly discarded, as transition milk 
feedings are difficult to manage, and 
furthermore, have high somatic cell counts, 
deeming it unfit for human consumption. A 
feasible solution may be to feed calves a mixture 
of fresh or pasteurized whole milk and 
colostrum replacer; yet, research regarding the 
effects of this practice, along with the ideal 
duration and level of feeding, is currently 
lacking.  

MILK NUTRITION 
Plane of Nutrition  
After feeding colostrum, and possibly transition 
milk, calves are transitioned to milk or milk 
replacer. Typically, producers either feed calves 
at an elevated (20% birth BW, > 8 L of milk per 
day or 1.2 kg of milk replacer powder per day) 
or conventional (10% birth BW, 4 to 6 L of milk 
per day or 750 g of milk replacer powder per 
day) plane of milk nutrition. Conventional 
planes of nutrition are aimed at encouraging 
early starter intake, and thus rumen 
development, to mitigate negative health and 
production outcomes during the weaning 
transition. Research has shown, however, that 
the opposite effect may occur - feeding lesser 
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amounts of milk may actually damage the 
ruminal papillae, as demonstrated by increased 
ruminal parakeratosis and scar tissue deposition 
(as discussed by Corbett, 2019). Yet, producers 
continue to feed low levels of milk for the 
aforementioned reasons and to reduce feeding 
costs despite calves often display hunger-related 
behaviors and compromised growth during the 
initial month of life (Jasper and Weary, 2002). 
In contrast, feeding elevated planes of milk 
nutrition is associated with higher BW gains as 
well as improved feed efficiency (Khan et al., 
2007a). Importantly, calves fed elevated planes 
of nutrition potentially display increased 
preweaning average daily gain, and thus 
improved mammary development, reduction in 
age at first calving, and greater milk production 
during lactation (Khan et al., 2007a; Soberon et 
al., 2012).  

The wide array of beneficial outcomes that come 
from feeding high levels of milk is prompting a 
shift in the dairy industry towards feeding 
elevated planes of nutrition> Yet, in the U.S., 
the average amount of milk fed to heifer calves 
per day remains at 5.7 L during the preweaning 
period (Urie et al., 2018b). During the initial 
weeks of life, starter intake is negligible and all 
metabolizable energy is derived directly from 
milk. This is typically why we see up to a 50% 
reduction in weight gain for calves limit-fed at 5 
L per day (400 g ADG per day) compared with 
those consuming between 8 to 10 L per day (800 
g ADG per day; Haisan et al., 2019). Thus, it is 
important that milk is fed at elevated levels 
when starter intake is low and essentially 
insignificant (i.e., during the first month of life), 
to allow calves to achieve optimal growth rates. 

One of the major concerns centered on feeding 
elevated levels of milk is the feasibility of this 
practice without the use of automated feeding 
technologies. In nature, calves would consume > 
10 L of milk per day over multiple small meals 
throughout the day from their dams. This 
traditionally leads producers to assume that 
calves are only designed to handle large milk 
daily allowances by either application of 
automated milk feeding technologies or 
increased manual labor. Yet, recent work has 
shown that calves allowed unlimited access to 

milk consume 5 to 7 L of milk in a single meal 
without abomasal overflow into the rumen 
(Ellingsen et al., 2016). Furthermore, calves fed 
4 L milk sizes twice daily did not display any 
differences in insulin sensitivity compared with 
calves fed 2 L of milk four times daily 
(MacPherson et al., 2018). The authors 
determined that calves fed larger meal sizes 
were able to reduce their abomasal emptying 
rate, thus controlling the delivery of glucose to 
the small intestine and the subsequent insulin 
response. It is important to note that calves in 
this study were fed 8 L of milk per day from the 
first week of life. In previous work by Bach et 
al. (2013), calves fed larger meal sizes from 2 
weeks of life onward required more insulin to 
control blood glucose concentrations compared 
with those fed smaller meal sizes. Thus, it may 
be critical to provide a high plane of milk 
nutrition from the first week of life, as this may 
be a key developmental window in which the 
calf physiologically adapts to consuming large 
volumes of milk.  

Whole Milk vs. Milk Replacer 
In the U.S., dairy calves are fed whole milk 
(40%), milk replacer (35%) or a combination of 
both (25%; Urie et al., 2018b). The benefit of 
whole milk is that it meets all nutrient 
requirements for development, while milk 
replacer is beneficial in terms of cleanliness, 
cost and its consistent composition. However, 
milk replacer and whole milk differ in many 
aspects, such as macronutrient composition and 
structure. Currently, it is largely unknown how 
these differences affect calf growth, metabolism 
and health. 

Because of economic restrictions and the 
striving for lean body growth, current milk 
replacer formulations contain more lactose, less 
fat, but similar amounts of protein compared 
with whole milk (as described by Corbett, 2019). 
The recent shift, however, to feeding larger 
quantities of milk replacer without adjusting its 
macronutrient composition is concerning as it 
could oversupply lactose (i.e. >10 g per kg BW; 
Hof, 1980) while undersupplying fat (i.e. <150 g 
per day; Urie et al., 2018b). Ingesting large 
quantities of lactose can increase gut lumen 
osmolality, which reduces the osmotic gradient 
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for water absorption and subsequently causes 
osmotic diarrhea. Furthermore, ingesting a high 
lactose milk replacer (44 vs. 37%) slightly 
increased postprandial blood glucose and insulin 
concentrations in 4-week-old calves, although 
fasting insulin sensitivity was unaffected. 
Feeding low amounts of fat in milk replacer is 
also of concern because ingesting fat less than 
150 g per day from liquid feed increases the risk 
calf mortality (10 vs. 4%; Urie et al., 2018b). A 
neonate requires dietary fat for energy and, once 
deposited, thermal insulation. Furthermore, 
dietary fat might be important to promote gut 
development. Yet, increasing the fat content of 
milk replacer increases intestinal permeability 
(Amado et al., 2019), potentially increasing the 
risk of pathogen translocation. Thus, it is clear 
that more research is required to understand how 
the macronutrient composition of milk replacer 
influences gut structure and the health of calves. 

Milk replacer formulations further differ from 
whole milk in terms of structure and 
bioavailability (digestion and utilization) of 
nutrients because of inclusion of alternative 
ingredients or processed milk-borne ingredients. 
Milk-borne protein sources, such as skim milk 
and whey powder, contain predominantly casein 
and whey proteins, whereas alternative protein 
sources, such as soy protein concentrate and 
plasma protein, do not. Casein proteins from 
skim milk coagulate in the abomasum, which 
slows down abomasal empyting and 
subsequently enhances digestion and absorption 
of protein and fat (Longenbach and Heinrichs, 
1998). Furthermore, skim milk and whey 
powder also provide the milk-borne 
carbohydrate, lactose. Inclusion of alternative 
carbohydrate sources is challenging because of 
poor digestive tolerance in neonatal calves (e.g., 
starch, maltose, and sucrose), incomplete 
conversion to glucose (e.g., fructose) or 
increased mortality because of poor 
gastrointestinal health (glucose; Pantophlet et 
al., 2016; Wilms et al., 2020). Lastly, the fat 
fraction of milk replacer is not commonly 
comprised of milk-borne ingredients, such as 
butterfat, because of economic restrictions. 
Thus, alternative fat sources of animal (tallow 
and lard) or vegetable origin (coconut-, canola- 
and palm kernel oil) are used instead. 

Consequently, milk replacer contains limited 
amounts of short-chain fatty acids (<1 vs. 5% in 
milk replacer and whole milk fat, respectively) 
and relatively large amounts of long-chain 
polyunsaturated fatty acids (7 vs. 3% in milk 
replacer and whole milk fat, respectively). 
Short-chain fatty acids, such as butyrate, 
enhance gut maturation (Guilloteau et al., 2009), 
while dietary polyunsaturated fatty acids may 
alter plasma membrane composition and fluidity 
of enterocytes, which potentially negatively 
impacts membrane protein function and cell 
signalling (Hulbert et al., 2005). 

The aforementioned differences between whole 
milk and milk replacer challenge evaluation of 
each individual aspect on calf metabolism and 
health. In previous studies comparing milk 
replacer and whole milk, calves were fed 
different volumes (Shamay et al., 2005) or 
macronutrient compositions (Moallem et al., 
2010), which led to false interpretation of the 
results. Lee et al. (2008) compared milk replacer 
and whole milk with similar macronutrient 
composition at similar intakes and found that 
calves fed whole milk were 10% heavier at 
weaning (day 49) and post-weaning (day 70), 
without affecting starter intake. The authors’ 
reason that the bioavailability of protein and 
energy from whole milk was better than from 
milk replacer. Therefore, future studies should 
evaluate the impact of bioavailability of protein 
and fat from milk replacer ingredients on calf 
growth, metabolism and health. 

WEANING 
Weaning Strategies  
In intensive heifer raising operations, the 
reported average weaning age in the U.S. in 
2018 was 9 weeks (Urie et al., 2018b). In 2002, 
the average weaning age was 8.4 weeks 
(McCluskey, 2002), demonstrating that 
producers have long since recognized that calves 
are required to meet certain physiological 
developments, that can only occur with age, 
before the transition from liquid to solid feed 
can occur. Early weaning from 4 to 6 weeks of 
life, however, has previously been recommended 
to save labor and feed costs, as well as to 
encourage early starter intake, and thus, rumen 
development. Before 6 weeks of life, starter 
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intake is small and thus calves weaned at this 
age are largely unequipped to digest large 
amounts of solid feed post-weaning. This results 
in early-weaned calves displaying reduced 
weight gain (Eckert et al., 2015) and decreased 
digestibility of fiber, crude protein, and gross 
energy (Dennis et al., 2018). Thus, it is widely 
recommended that weaning occurs at 
approximately 8 weeks of life to facilitate a 
smooth transition from liquid to solid feed. 

Calves fed elevated levels of milk preweaning 
often struggle at weaning, because their energy 
demands are being met primarily by 
consumption of milk, leaving starter intake low. 
Therefore, in addition to delaying weaning age, 
it may be necessary to implement a “step-down” 
weaning method, in which milk intake is 
typically reduced at approximately 1 month of 
life to increase preweaning solid feed intake and 
weight gain (Khan et al., 2007a,b), to smooth the 
weaning transition. Recent implementation of 
automated feeding technologies will further 
allow the dairy industry to optimize future 
weaning strategies. Instead of implementing 
abrupt, large decreases in milk intake, automated 
feeding allows for linear decreases in milk, as 
well as designing individualized programs based 
on starter intake. 

Weaning and Gastrointestinal Development 
During weaning, the gastrointestinal tract 
undergoes significant physical and physiological 
changes. Specifically, rumen volume increases 
from 30 to 70% of the forestomach and short-
chain fatty acids become the primary source of 
energy. Furthermore, rapid development and 
maturation of the rumen transcriptome and 
microbiome occurs (Connor et al., 2013; 
Malmuthuge et al., 2013; Meale et al., 2017). 
High starch levels are often fed in calf starter in 
an effort to initiate early and rapid rumen 
development; however, this can result in an 
accumulation of ruminal short-chain fatty acids 
and subsequent acidosis. It can take up to 5 
weeks after weaning for the rumen to be in a 
state that is not considered acidosis (Van 
Niekerk et al., 2020a). If ruminal acidosis is 
severe, this can result in large levels of fecal 
starch, which is indicative of hindgut acidosis 
(Eckert et al., 2015; Van Niekerk et al., 2020b). 

This is highly unfavorable as acidosis can lead 
to systemic inflammatory responses. Recent 
work also has shown that the type of starch in 
starter (i.e., processed vs. whole corn), can 
determine the site of starch fermentation (Van 
Niekerk et al., 2020b). Specifically, feeding 
processed corn can increase risk of ruminal 
acidosis (Krause and Oetzel, 2006), while 
feeding whole corn can shift the site of 
fermentation to the lower gut (Gressley et al., 
2011), resulting in decreased fecal pH for up to 
2 weeks post weaning (Van Niekerk et al., 
2020a). Currently, the dairy industry feeds a 
wide range of starch content and forms of starch 
in starter during the preweaning and weaning 
stages, despite the lack of research regarding the 
optimal composition of starter to facilitate 
optimal weaning. The research community is 
just beginning to recognize the significant 
changes that occur in response to starter 
composition; yet, further research investigating 
the interaction between feeding elevated levels 
of milk and differing starter compositions is 
warranted. 

CONCLUSIONS 
The newborn, preweaning, and weaning phases 
of life are key periods in which nutritional 
management can largely impact productivity, 
development, and health. The dairy industry has 
made great strides in improving nutritional 
strategies for young calves; yet, morbidity and 
mortality rates remain elevated, demonstrating 
the need for further work pertaining to the 
effects of previously overlooked management 
regimens on specific physiological mechanisms 
of the calf. This information is required 
ultimately to allow producers to make educated, 
confident decisions that promote calf 
development, health and welfare, and thus the 
sustainability of the global dairy industry. 
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DRY COW MANAGEMENT: HOW TO OPTIMIZE UDDER HEALTH AND IMPROVE 
POSTPARTUM REPRODUCTIVE PERFORMANCE 

Brian Miller, DVM 
Dairy Technical Services Veterinarian, Merck Animal Health 

brian.miller5@merck.com 

TAKE HOME MESSAGES 
• The dry period  is the most susceptible timeframe during the lactational cycle for dairy cows to

develop a new intramammary infection (IMI)
• The majority (50 to 60%) of all new IMI infections, caused by environmental pathogens, occur during

the dry period
• Acquisition of IMI infections during the dry period can have a dramatic impact on the incidence and

distribution of mastitis in the ensuing lactation and subsequent mastitis events that occur during the
breeding risk period can have a profound negative effect on fertility

• Prevention and control of mastitis during the dry period is essential for high fertility
• Eight practices that minimize bacterial challenge from the environment and maximize and supplement

the cow’s immune defenses can help reduce dry period IMI risk and minimize fertility losses post-
calving

INTRODUCTION 
Reproductive efficiency is one of the most 
important drivers associated with dairy farm 
profitability and reproduction can be negatively 
affected by several diseases that occur in the 
prepartum period. One such disease that can 
originate in the dry period and negatively impact 
reproductive efficiency post-calving is mastitis. 
This paper will discuss the interrelationship 
between dry cow mastitis and postpartum 
intramammary infections (IMI) that negatively 
impact reproductive efficiency. 

SHIFT IN MASTITIS ETIOLOGY AND 
IMPORTANCE OF THE DRY PERIOD 

During the last five to six decades, there has been 
a shift in mastitis etiology and incidence because 
of the implementation of mastitis control 
programs beginning with the Five-Point Plan, 
which was developed during the 1960s by the 
National Institute for Research into Dairying. 
This shift has resulted in a decrease in the 
prevalence of contagious mastitis pathogens, 
such as Staph aureus and Strep agalactiae and an 
increase in environmental pathogens such as 
Strep spp., Staph spp. and coliforms in most of 
our well-managed U.S. dairy herds. (Ruegg et al., 
2017). 

This shift in mastitis etiology has resulted in a 
reassessment regarding the importance of the dry 
period in the transmission and control of this 
disease because today, environmental pathogens 
are the most significant cause of new IMI during 
the dry period. This shift from contagious to 
environmental pathogens has resulted in changes 
in our approach to mastitis control and a 
reassessment as to the importance of the dry 
period in the transmission and control of this 
disease (Bradley and Green, 2004). 

Depending on the level of management and the 
quality of preventive programs put into place, 
new IMIare usually acquired in four main areas 
of the dairy: during the milking process, from the 
lactating cow environment, from chronically 
infected cows, and during the dry period. 
Although a dairy cow can develop a new IMI at 
any time during her lactational cycle, the dry 
period is the most susceptible timeframe for dairy 
cows to develop a new IMI, which makes the dry 
period essential for prevention and control 
measures (Smith et al, 1985, Bradley and Green, 
2004). 
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SUSCEPTIBILITY OF THE 
NONLACTATING GLAND TO NEW IMI 

The nonlactating gland displays wide fluctuations 
regarding susceptibility to new IMI depending on 
which phase of the dry period the cow is currently 
in (Bradley and Green, 2004). These authors 
suggested that there are three phases of the dry 
period: the period of udder involution, the steady 
state or “fully involuted” state, and the period of 
colostrogenesis. The period of udder involution 
corresponds to the first 2 weeks following dry-
off, conversely, the period of colostrogenesis 
corresponds to the last 2 weeks before calving. 
Sandwiched in between these two timeframes is 
the fully involuted state. The risk of acquiring a 
new IMI is greatest during the periods of udder 
involution and colostrogenesis. 

Risk factors during the period of udder involution 
include: cessation of milking which halts the 
flushing effect milking has on pathogen removal 
from the teat canal, discontinuation of teat 
dipping and udder engorgement, which invites 
leakage at the teat ends but also dilutes out 
protective white blood cell and antibody 
concentrations. Udder engorgement also dilutes 
out lactoferrin, a substance that binds iron in 
mammary secretions. Lactoferrin inhibits the 
growth of enterobacterial organisms (coliforms) 
as these bacteria require iron for growth. So 
lactoferrin helps shield the cow from coliform 
mastitis during the dry period (Bradley and 
Green, 2004). In addition, many high producing 
dairy cows today have a delay or fail to form the 
natural keratin plug following dry-off 
(Williamson et al., 1995; Dingwell et.al., 2003). 
The keratin plug functions as an internal physical 
barrier that helps seal the teat end from bacterial 
invasion during the dry perioddry period. It is 
composed of specialized keratinized epidermidis 
that has antibacterial properties. Because of these 
risk factors, dry cow treatment as well as internal 
teat sealants are commonly recommended at dry-
off to help reduce new IMI infection risk. Proper 
teat preparation and infusion techniques, 
however, are imperative to reduce the possibility 
of iatrogenic infections. 

In the fully involuted state, infection risk is low 
because there is little internal pressure and there 
are high concentrations of antibodies, white 

blood cells, and lactoferrin in the dry gland. By 
this time, many cows have also formed a keratin 
plug. 

Some of the same risk factors at dry-off return 
during the period of colostrogenesis. Because of 
colostrum production, there is a renewal of udder 
engorgement which once again causes dilution of 
antibodies, white blood cells, lactoferrin, and teat 
end leakage. In addition, during the last 7 to 10 
days precalving, the keratin plug is naturally 
breaking down. To make matters worse, white 
blood cell function is compromised becasue of 
immunosuppression that naturally occurs around 
the time of calving in response to elevated 
cortisol concentrations. Lastly, if dry cow 
treatment was administered at dry-off, antibiotic 
levels around calving are below the minimum 
inhibitory concentration and are not of much 
benefit. During this risk period, management 
practices designed to maximize and supplement 
the cow’s immune defenses and minimize 
bacterial challenge from the environment are 
essential (Bradley and Green, 2004). 

IMPACT OF DRY PERIOD IMI’S AND 
CLINICAL MASTITIS IN THE ENSUING 

LACTATION 
Differences in IMI infection risk can vary among 
herds and seasons of the year (Green et al., 2002). 
North American studies estimate between 13 and 
35% of quarters are subclinically infected at dry-
off and the incidence of new IMI during the dry 
period can vary from 8 to 25%. (Godden et al., 
2003; Arruda et al., 2013; Johnson et al. 2016). 
Much of the peak of clinical mastitis seen in early 
lactation can be credited to dry period infections, 
particularly IMI’s acquired in late dry and 
transition periods. Acquisition of IMI infections 
during the dry period can have a dramatic impact 
on the incidence and distribution of mastitis in the 
ensuing lactation, (Bradley and Green, 2004) and 
subsequent mastitis events that occur during the 
breeding risk period can have a profound 
negative effect on fertility (Dolecheck et al., 
2019). It has been reported that more than 50% of 
all environmental mastitis that occurs in lactation 
during the first 100 days in milk result from 
infections acquired during the dry period 
(Bradley and Green, 2004) and over 50% of 
clinical coliform mastitis events in the first 100 
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DIM also originate during this same timeframe 
(Bradley and Green, 2000). 

CONSEQUENCES OF DRY PERIOD 
CARRY-OVER INFECTIONS AND 

RELATIONSHIP TO REPRODUCTIVE 
PERFORMANCE 

There are several negative consequences of 
“carry-over” IMI into the subsequent lactation 
that can financially impact a dairy producer’s 
bottom line. These carryover IMI include 
increases in clinical and subclinical mastitis, lost 
milk production, milk discard, added treatment 
and labor costs, inferior milk quality, potential 
mastitis spread to herd mates, early herd removal 
and/or death and decreases in reproductive 
efficiency. 

The relationship between mastitis incidence and 
reduced reproductive performance in Holstein 
cattle was suggested almost three decades ago 
(Moore et al., 1991). The specific mechanism by 
which mastitis affects reproduction remains 
unclear, although one cause of early embryonic 
loss has been attributed to activation of immune 
responses at sites outside the reproductive tract 
(Hansen et al., 2004). Mastitis in dairy cows has 
been associated with decreased pregnancy rate as 
well as an increased number of inseminations to 
initiate pregnancy. Hansen postulated that 
cytokines released from the udder in response to 
inflammation trigger the release of prostaglandin 
F2α (PGF2α), which subsequently results in 
luteolysis of the corpus luteum, thus disrupting 
the establishment of early pregnancy. 

Following the initial study by Moore et al. (1991), 
multiple studies published in the last three 
decades have investigated the impact that 
naturally occurring clinical or subclinical mastitis 
has on measures of reproductive performance, 
including: pregnancy loss, days open, time to first 
service, services per conception and pregnancies 
per insemination at first service (Fuenzalada 
et.al., 2015, Dahl et al., 2018, Dolecheck et al., 
2019). It has long been known the negative 
effects mastitis has on milk production, but these 
studies clearly show that mastitis has detrimental 
effects as well on reproductive efficiency. These 
publications solidify the quantifiable association 
between mastitis and reduced reproductive 

performance during a specific breeding risk 
period and highlight the importance of mastitis 
prevention and control for dairy operations to 
achieve greater fertility. 

Prevention and control of mastitis that is essential 
for high fertility post-calving begins in the dry 
period.   “Dry-off is the beginning of the next 
lactation” stresses leading mastitis expert, Dr. 
Andy Johnson, aka “The Udder Doctor” 
(personal communication, 2020). As expansion 
of dairy farms continues, environmental 
pathogens will continue to be the primary mastitis 
challenge. As our understanding of the 
importance of the dry period in control of 
environmental pathogens has increased, 
preventive practices aimed at environmental 
pathogens have been designed and implemented 
during the last several years. 

For herds to thrive economically, they need both 
good health and good management of cows. 
Mastitis remains the most frequent disease in 
dairy cows (Ruegg, 2017) making its 
management essential for good health and 
profitability. Most of the management practices 
designed to improve health and milk quality on a 
given dairy aren’t magic; they’re quite simple. 
Usually, the hardest part is doing the simple 
things correctly every day. Consistency and 
attitude are the reasons elite dairy operations 
produce quality milk year in and year out. Dr. 
Johnson has always maintained, “Somatic cell 
count (SCC) is exactly where the farm decided it 
should be”. 

Although there are numerous dry period 
prevention strategies, I will outline eight key 
strategies leading mastitis experts recommend 
during the dry and transition periods to reduce 
new IMI risk post-calving, which will in turn, 
improve reproductive efficiency. 

MONITOR TEAT END CONDITION 
Clearly, cows must have good teat end health 
entering the dry period to minimize new infection 
risk. Hyperkeratosis or thickening of the 
outermost layer of the teat skin associated with an 
abnormal quantity of keratin, predisposes teats to 
bacterial colonization as bacteria reside in cracks 
and crevices in the skin (Norell and Fox, 1997; 
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Timms, 1998). Cows with cracked teats are at a 
1.7 times greater risk for acquiring new infections 
during the dry period (Dingwell et al., 2003).  

If teat end condition is a concern at dry-off, risk 
of new infection during the dry period increases. 
Reasons for reduced teat end health may include 
inadequate milking procedures (prep routines, 
letdown, or flowrates), improper milking 
equipment settings and function, environmental 
influences, infectious causes and genetics (long 
pointed teats). Most of these issues have 
preventive solutions apart from genetics.  

Well known mastitis expert Dr. David Reid 
(Rocky Ridge Dairy Consulting LLC) believes 
that cows with long pointed teats will always 
experience teat end issues (personal 
communication, 2020). Dr. Johnson recommends 
that producers score 10 to 20% of cows in every 
pen. The goal is that 15% or less of teats should 
score a 3 or 4 on a four-point scale. A score of 1 
indicates a smooth, flat teat end surface, whereas 
a score of 4 indicates a very rough ring 
surrounding the teat orifice (see photo below).  

Frequency of scoring can vary by farm and 
geographical location. If cows are going dry 
with rough teat ends, both Johnson and Reid 
recommend establishing a diagnosis and 
instituting preventive solution(s) before dry-off 
so the bulk of the teat ends are in good health 
before dry-off. 

CONSIDER A TEAT SEALANT 
AT DRY-OFF 

Research has shown that the speed of 
development of a functional keratin plug is a risk 
factor for new IMI’s during the dry period.  In 
separate studies, 50% of teat ends were open at 
10 days and 10% still open at 50 days 
(Williamson et., al., 1995) and 50% open at 7 
days and 23% still open at 42 days (Dingwell et 
al., 2003). It is also believed that 20 to 50% (or 
more) of heifer teats are also open pre-calving 
(personal communication – Dr. Leo Timms, Iowa 
State University CVM, 2020). Potential reasons 
for delay or failure of teat ends to close include 
high milk yield at dry off, breed variation 
(genetics) and teat end bacterial infections.  

High milk yield at dry-off has been associated 
with delayed teat closure (Williamson, 1995, 
Dingwell, 2003), leaking and greater risk for new 
IMI during the dry period (Gott et al., 2014). High 
milk yield at dry off can be successfully managed. 
It is a relatively slow transition following dry-off 
to the fully involuted state, so the streak canal 
becomes compromised because of increased 
intramammary pressure from udder 
engorgement. Dry-off procedures will vary 
among farms – each must decide what is best for 
their operation with help and guidance from their 
herd veterinarian and nutritionist. 

Several large farms utilize a dedicated dry off pen 
to reduce milk yield before dry-off, including Dr. 
Gordie Jones, (Central Sands Dairy), a pioneer in 
dairy nutrition and environmental management. 
This strategy involves a pen move to dedicated 
dry-off pen 1-7 days before dry-off, feeding a low 
energy, high fiber ration (“the Goldilocks diet”), 
followed by abrupt dry-off. A dedicated dry-off 
pen is also advocated by Drs. Johnson, Brandon 
Treichler (quality control veterinarian for Select 
Milk Producers), and Reid (personal 
communication, 2020). Still other farms dry off 
cows “cold turkey” (dry-off regardless of 
production level). There is no one set way to dry-
off cows across all farms. Regardless of inherent 
farm differences, Dr. Treichler, insists “it is all 
about the environment dry cows are placed into” 
that determines new infection risk during the dry 
period.  

Because several quarters have a delay or fail to 
form an adequate keratin plug during the dry 
period, or have rough teat ends, many experts 
recommend a teat sealant at dry off. Two types of 
teat sealants are available – external teat sealants 
and internal teat sealants. The goal of each sealant 
according to Dr. Timms is to help prevent 
bacterial penetration of teat canal. An internal teat 
sealants is a malleable paste composed of 
bismuth subnitrate, which functions as an inert 
internal physical barrier that simulates the natural 
keratin plug. An external teat sealant is a rapid 
drying coating that functions as an external 
physical barrier to the teat orifice– an aid to the 
keratin plug. 
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Advantages of an external teat sealant comprise 
ease of application, initial visibility, rapid drying 
and these products are less expensive than 
internal teat sealants. External teat sealants, 
however, are less persistent and fail to provide 
long term protection like an internal teat sealants. 
Adherence time is approximately 3 to 7 days 
depending on the product used (personal 
communication – Timms). In addition to an 
application at dry-off, reapplication at 5 to 7 days 
before calving is recommended to achieve 
maximum benefits – Timms.  Location of cows 
on large dairy farms for reapplication before 
calving is labor intensive, so compliance can 
become an issue. In addition, there are few 
published supportive efficacy studies involving 
external sealants. 

Internal teat sealants offer excellent persistence 
and provide long term protection to help decrease 
new infection risk. They are adherent so they stay 
in place and help seal damaged teat ends. A one-
time application is all that is required at dry-off – 
there is no need to relocate cows and reapply 
before calving like an external teat sealants. 
There are several published supportive efficacy 
studies and bismuth subnitrate has recently been 
shown to have an inhibitory effect on bacterial 
growth, providing yet another advantage 
(Notcovich, 2020). 

There are disadvantages with internal teat 
sealants as well. Upfront costs are greater. 
Sanitation and hygiene are critical during 
administration procedures to prevent iatrogenic 
infections. Compared with an external teat 
sealant, they are less easy to apply – cow 
movement can create administration challenges. 
Fragmentation and shedding can occur post-
calving, resulting in a buildup of film on the 
inside of milking and pasteurizer equipment 
inciting removal costs. Fragments in cheese can 
result in condemnation of finished product. 
Fragmentation and build up are exacerbated when 
proper internal teat sealants removal procedures 
per product labels are not followed post-calving.  

Despite the advantages and disadvantages of each 
type of sealant, published studies favor use of an 
internal teat sealants. A meta-analysis to assess 
the efficacy of internal teat sealant products 

containing bismuth subnitrate (Rabiee et al., 
2013) concluded that the use of an internal teat 
sealants alone or with dry cow treatment at dry-
off reduces IMI risk by 25% compared with dry 
cow treatment alone. Furthermore, an internal 
teat sealants reduced the risk of IMI by 73% vs. 
untreated controls. These conclusions support 
that an internal teat sealants should be the sealant 
of choice at dry-off. 

CONSIDER BLANKET OR SELECTIVE 
DRY COW THERAPY 

Infusion of a dry cow mastitis treatment at dry-
off is a well-established management practice 
intended to cure existing IMI acquired during 
lactation and help prevent new IMI that may be 
acquired in the dry period. It has been reported 
the use of dry cow treatment increases the rate of 
development of a functional keratin plug 
suggesting certain bacteria with keratinolytic 
properties may play a role in failure to develop 
the natural keratin plug (Williamson, 1995; 
Funke, 1997). Because most of the environmental 
mastitis cases that occur during early lactation 
result from infections acquired in the dry period, 
the recommendation of dry cow treatment to help 
reduce infection risk in the early dry period has 
been a cornerstone in dry cow protocols for 
decades. 

In the U.S., there are seven commercially 
available dry cow treatment products from which 
to choose. Although all commercially available 
dry cow formulations in the U.S. have undergone 
testing against a negative control as a requirement 
for licensure by the FDA, few studies have 
compared these formulations in a head-to-head 
fashion to help make an informed treatment 
decision at dry-off. To assist in this decision-
making process, independent studies compared 
efficacy of dry cow tubes (Arruda et al., 2013; 
Johnson et al., 2016). These studies revealed that 
more than 94% of subclinical mastitis infections 
at dry-off are caused by Gram-positive bacteria, 
which makes these bacteria the target for dry cow 
therapy. Although E. coli is a common cause of 
clinical mastitis during lactation, and because of 
the high propensity for these Gram-negative 
infections to self-cure, both studies proved that E. 
coli is an uncommon cause (less than 2%) of 
subclinical infections at dry-off. 
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In each study, the authors also found no treatment 
differences for udder health at calving and 
lactation performance to 100 days in milk. These 
dry cow treatment comparison studies proved that 
producers can put aside questions of efficacy and 
select dry cow treatment products based on other 
considerations, such as veterinary 
recommendation, cost, withdrawal times, 
antibiotic residue risk concerns and judicious 
antimicrobial usage (personal communication, 
Dr. Sandra Godden, University of Minnesota 
CVM, 2019). 

Regarding the judicious use of antimicrobials, 
there is growing public concern in recent years 
over the possible role veterinary antibiotics play 
in the development of antimicrobial-resistant 
strains of bacteria that have the potential to cause 
serious human illness. Use of third generation 
cephalosporins in food animals and potential for 
creating antimicrobial resistance have been part 
of this discussion. The dry cow comparison 
studies support that antibiotics of lesser 
importance in human medicine can be 
confidently recommended by the veterinary 
community at dry-off without sacrificing efficacy 
or animal well-being to help reduce this potential 
risk to public health. 

Clearly, public pressure continues to mount 
regarding judicious and wise use of 
antimicrobials. Selective dry cow treatment is 
another approach to judicious antimicrobial 
usage – but only if the program maintains udder 
health. With selective dry cow treatment, only 
cows with a high likelihood of infection are 
infused with antibiotic at dry off and the decision 
is made either at the quarter or cow level. This 
approach contrasts with blanket dry cow 
treatment whereby all quarters of all cows are 
infused at dry-off.  

Historically, when contagious pathogens 
predominated as leading causes of subclinical and 
clinical mastitis in U.S. herds, 30 to 35% of 
quarters were subclinically infected at dry-off. 
Decades ago, we lacked sensitive diagnostic tests 
to differentiate infected from uninfected cows or 
quarters. During that time, we had no method to 
protect untreated quarters from acquiring new 

IMI’s during the dry period as internal teat 
sealants weren’t available in the U.S. until 2003. 
The recommendation of blanket dry cow therapy 
made sense as an intervention strategy to help 
control contagious pathogens (personal 
communication – Dr. Godden). 

Presently, the need for blanket dry cow treatment 
has come into question. Many herds today have a 
low prevalence of subclinically infected quarters 
and outstanding milk quality. Accurate on-farm 
screening tests are now available to identify 
infected quarters (or cows) needing antimicrobial 
treatment and internal teat sealants have been 
available in the U.S. for some time to help protect 
untreated quarters from new infections. Selective 
dry cow treatment is another tool to decrease 
antimicrobial usage and help address consumer 
concerns about antibiotic stewardship in food 
animal production. 

There are two essential ingredients for a 
successful selective dry cow treatment program 
(Godden, personal communication, 2019). The 
first key ingredient is use of a highly sensitive 
screening test aimed at maximizing cure rates. 
Tests to find cows or quarters that require 
antibiotic treatment are algorithm or culture 
based. An algorithm-based approach uses SCC 
and clinical mastitis records to decide which 
cows will be treated with antibiotics, whereas 
with a culture-based approach, only infected 
cows or quarters are treated with antibiotics. The 
second key ingredient to minimize new IMI risk 
is the use of an internal teat sealant to help 
prevent new IMI’s during the dry period. 
Findings from a recently published study (Rowe 
et al., 2020) indicated that either culture or 
algorithm guided selective dry cow treatment can 
be utilized without negatively affecting cow 
health and performance in early lactation. An 
equally important discovery was that antibiotic 
usage was reduced by 55% in both selective dry 
cow treatment programs. 

The Rowe study validated that selective dry cow 
treatment can be successfully implemented on 
suitable commercial dairy herds in the U.S. 
Program development, proper training of on-farm 
personnel including monitoring, should be under 
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the guidance and direction of the herd health 
veterinarian to maximize success. 

PROVIDE ADEQUATE EATING SPACE 
It is intuitive that we want cows to maintain their 
weight throughout the dry period, although it is 
somewhat difficult to measure and evaluate. An 
observational study provided evidence that loss 
of body condition score (BCS) during the dry 
period negatively impacts performance of cows 
in the subsequent lactation. (Chebel et al., 2018). 
These researchers examined the association 
between BCS change during the dry period and 
postpartum performance of 16,104 lactations. 
In this study, cows with excessive loss of BCS 
during the dry period had increased incidence of 
uterine disease, were more likely to be treated 
with antimicrobials, anti-inflammatories and 
supportive therapy and had reduced likelihood of 
pregnancy after first and second inseminations. In 
contrast, cows that gained weight during the dry 
period had greater milk yield, fat and protein, 
reduced SCC and greater conception risk at first 
service during the subsequent lactation. 
Conception risk of cows that gained BCS was 
twice that compared with cows that had excessive 
loss of BCS. Findings from this large study 
suggest that we should strive to minimize the 
proportion of cows that undergo BCS loss during 
the dry period. Therefore, it is necessary to 
provide adequate eating space in the prepartum 
pens. 

According to Dr. Gary Oetzel, University of 
Wisconsin-Madison SVM, cows are 
allelomimetic (they want to do the same thing at 
the same time), so it is imperative that we provide 
adequate eating space for all cows before calving 
(personal communication, 2020). Cows will eat 
less if they cannot eat when they wish. There are 
several negative effects of inadequate eating 
space according to Oetzelcows eat larger and 
fewer meals per day, increased risk for ruminal 
acidosis, decreased feed efficiency, and increased 
sorting of feed. These negative consequences can 
lead to a loss of BCS. 

Overcrowding also has been linked to increases 
in displaced abomasum, ketosis, and metritis. 
Besides the well-documented negative effects of 
disease in pregnancy per AI, postpartum 

disorders have been shown to be associated with 
delayed ovulation after calving (Stevenson et al., 
2020). Overcrowding also results in more manure 
in the pen resulting in greater bacterial numbers, 
which amplifies mastitis risk, particularly if 
sanitation and hygiene are suboptimal. 
Theoretically, according to Oetzel, overcrowding 
results in cattle stress. When stressed, 
concentrations of cortisol increase in cattle, 
which reduces white blood cell function and 
increases susceptibility to infectious diseases 
such as mastitis. 

To decrease potential health risks, we must 
prevent inadequate prepartum intake to avoid 
negative health postpartum impacts. According to 
Oetzel, “Expressing stocking density relative to 
freestall capacity is often not useful, because the 
number of freestalls in a pen relative to eating 
space can vary considerably. Stocking density is 
best expressed first and foremost in terms of 
available eating space. In some pens, eating space 
may become limiting once the pen population 
exceeds 70% of the freestalls.” 

REDUCE TEAT END EXPOSURE 
TO BACTERIA 

Rate of IMI in dairy cows is proportional to 
exposure of a teat end to a potential pathogen 
(Natzke, 1981, Dodd, 1983). There are four 
mechanisms of manure transfer to the udder 
including: direct transfer, splash transfer, leg 
transfer, and tail transfer (Cook and Reinemann, 
2007). Using a boating analogy, Dr. Reid has 
always advocated that alleys and walkways 
should be a no wake zone – manure splash is not 
allowed. Cleanliness to alleviate deep liquid 
slurry not only minimizes manure splash to the 
udder but consistency in manure maintenance 
keeps feet and legs cleaner, which brings cleaner 
cows to the beds according to Reid. 

Leg transfer occurs when feet and legs coated 
with manure transfer bacteria to the teat ends 
when the cow lies down and the udder comes to 
rest on one of the hind feet (Abe, 1999). Because 
dirty feet and legs are right by the udder when 
cows are lying down, Dr. Johnson believes 
keeping crossovers, walkways, alleys well 
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maintained are keys to reducing new infection 
risk. 

Bedding has always been an important source of 
exposure of teat ends to environmental pathogens 
(Patel et al., 2018). Direct transfer of bacteria 
from bedded packs, dry lots or freestalls to the 
teat ends is a major risk factor because cows 
spend most of their day lying down. Teats are in 
direct contact with whatever bedding choice is 
utilized, as such, teat end bacterial counts closely 
resemble bacterial concentrations in bedding or 
soil. High teat end bacterial counts positively 
correlate with new IMI’s. It is imperative that 
whatever bedding choice is utilized, it must be 
kept as clean and dry as possible to reduce 
bacterial numbers according to Johnson.  

If using bedded packs in the transition period 
before calving, Dr. Oetzel recommends providing 
a minimum of 100 square feet per cow in loose 
housing. In the maternity pen, his 
recommendation is 125 square feet per cow. In 
addition to adequate space, good bedded packs 
require 25 lbs of straw per cow per day or 75 lbs 
per cow every third day. 

If a freestall environment is used to house 
transition cows, direct transfer of manure to teat 
ends is commonplace as well, particularly if cows 
are lying diagonally which allows accumulation 
of urine and feces under the loops. Dr. Gordie 
Jones is adamant when he says that “dry cows and 
heifers must lay straight”.  Diagonal lying, 
according to Jones, indicates freestall discomfort 
and this leads soiling in rear of the stall. Dr. Jones 
believes that there are four reasons that freestalls 
fail: lack of cushion, neck rail placement, lunge 
space limitations and lack of fresh air or vision. 
Jones maintains that we must diagnose and 
correct stall deficiencies to enable cows to lay 
straight in order to reduce soiling and mastitis 
risk. 

In certain situations, the tail may become heavily 
contaminated with manure, which can transfer 
bacteria to the udder and flank areas (Abe, 1999) 
When alleys are not properly maintained, a wet 
tail coated in manure can be an effective means 
of transferring bacteria to the udder and flank 
areas. Keeping alleys clean, as well as clipping/ 

shaving tails on a regular basis can reduce 
infection risk. 

PROVIDE ADEQUATE VENTILATION 
AND HEAT ABATEMENT 

There are several risks associated with heat stress 
and humidity including decreases in dry matter 
intake, immunosuppression resulting in increased 
health risks, and increased bacterial populations 
that can cause mastitis. We know that lactating 
cows exposed to heat stress have reduced fertility 
and milk production. We also know that heat 
stress during the dry period impacts milk 
production and health (Scanavez et al., 2019) 
after calving. 

Even though we have limited knowledge about 
the influence of heat stress during the dry period 
on reproductive performance, we have some 
evidence that increased body temperature in the 
dry period impairs fertility after calving. In 
unpublished data, using vaginal temperature 
sensors, the association between core body 
temperatures in the dry period and reproductive 
performance post-calving was examined 
(Gamarra, 2020). This study was conducted in 
three herds during the summer months. Elevated 
core body temperatures in the far-off pen were 
associated with a reduced percentage of cows 
pregnant after first artificial insemination (AI). 
These cows were less likely to be submitted to 
first AI and had reduced pregnancy per AI. 
Although this was an observational study, the 
data indicates that increased vaginal temperatures 
before calving during summer months is 
associated with reduced fertility post-calving. 
These findings underscore the importance of 
managing summer heat stress during the dry 
period by providing adequate heat abatement 
measures to help keep dry cows cool and 
comfortable. 

Designing and providing adequate heat 
abatement measures for dairy cows is a passion 
of Dr. Nigel Cook, an expert in ventilation and 
heat abatement at University of Wisconsin-
Madison. According to Cook, there are four 
ventilation system options when designing and 
constructing dairy barns: natural ventilation, 
hybrid ventilation, tunnel ventilation, and cross 
ventilation. Cook advocates three critical 
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priorities for ventilation design: (1) target air 
speed in the resting microenvironment; (2) 
sufficient air exchange to remove heat, noxious 
gases, moisture and pathogens from the barn; and 
(3) the system should work as well across all
seasons. Following Dr. Cook’s recommendations
will help keep dry cows cool, dry, and
comfortable and will minimize the impact heat
stress has on mastitis and infertility.

CONSIDER A J-5 GRAM-NEGATIVE 
CORE ANTIGEN VACCINE 

Because more than 50% of clinical coliform 
mastitis events in the first 100 days in milk 
originate during the dry period (Bradley and 
Green, 2000), it makes sense to utilize a core 
antigen vaccine to aid in the reduction of Gram-
negative mastitis. J-5 usage is not associated with 
a decrease in dry period infections (Hogan, 
1992), rather a J-5 vaccine provides the following 
benefits during lactation if a three- dose protocol 
is followed: (1) a decrease in the incidence of 
clinical coliform mastitis cases; (2) a reduction in 
clinical coliform mastitis severity, and (3) a 
protective effect from milk losses and culling or 
death (Gonzalez and Cullor, 1991; Fetrow, 1991; 
Hogan and Smith, 1992a,b; 1999). 

Few realize that the duration of immunity for J-5 
vaccines is approximately 55 to 60 days (personal 
communication, 2019 – Drs. Ron Erskine, 
Michigan State University, Chris Chase, South 
Dakota State University, and Joe Hogan, The 
Ohio State University). Because most clinical 
coliform mastitis cases occur during the first 100 
days in milk and because of the short duration of 
immunity, a three-dose protocol (at dry-off, move 
to pre-fresh and approximately 21 to -28 days 
after calving) is recommended per label when 
using a J-5 vaccine. In early J-5 work by Dr. 
Hogan, he compared antibody titers following a 
two- or three-dose schedule and confirmed that 
there is an antibody titer difference (increase) 
following administration of a third J-5 dose 
compared with a two-dose protocol.  

Despite the recommended 3-dose schedule when 
using J-5 vaccines, a published field trial showed 
that “protection” wanes somewhere between 60 
and 90 days in milk (Erskine, 2010). To extend J-
5 protection further into lactation, it took 

hyperimmunization to reduce the “bump” of 
severe clinical mastitis from 75 to 150 days, thus 
re-enforcing the belief that protection only lasts 
for approximately 60 days after the last dose 
(Erskine, 2007).  Because J-5 protection wanes 
after 60 days in milk, Dr. Erskine recommends 
tracking severe mastitis cases after this timeframe 
and consult with the herd veterinarian whether 
additional J-5 injections might be indicated to 
extend clinical coliform mastitis protection. 

UTILIZE PARTIAL TUBE INSERTION 
AND CLIP OR FLAME UDDERS 

There are two additional, but sometimes 
overlooked practices that reduce teat end 
exposure to bacteria. The first is the method of 
tube tip insertion when administering a dry cow 
treatment and/or an internal teat sealant at dry-
off. Alteration of teat canal keratin by the method 
of intramammary drug infusion through the teat 
canal was found to influence the number of new 
infections (Nickerson, 1987). Compared with full 
tube tip insertion at dry-off, partial insertion (2 to 
3mm) was shown to reduce new infection risk by 
50%.  The second is clipping or flaming udders at 
regular intervals to remove unwanted hair. 
Flaming or clipping udders removes unwanted 
udder hair to which mud, manure, or both can 
cling, leading to reduced infection risk. 

CONCLUSIONS 
The dry period is the most susceptible timeframe 
for dairy cows to develop a new IMI. Acquisition 
of IMI infections during the dry period can have 
a dramatic impact on the incidence and 
distribution of mastitis during the ensuing 
lactation. Mastitis events that occur during the 
breeding risk period can have a negative effect on 
fertility, making prevention and control of 
mastitis during the dry period essential for better 
fertility. There is nothing magic regarding 
preventive dry cow practices, it’s all about doing 
the simple things correctly each day. Practices 
that minimize bacterial challenge from the 
environment and maximize and supplement the 
cow’s immune defenses will help reduce dry 
period intramammary infection risk and 
minimize fertility losses post-calving. 
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TAKE HOME MESSAGES 
• For this herd, using a single trait genomic selection process was the clear winner relative to other

selection approaches evaluated.
• Although individual results may vary, in this instance, use of genomic testing yielded $45 per retained

heifer that calved after considering the projected lifetime milk income minus feed cost, culling cost
differences, and the cost of testing all heifers in the herd.

• Use caution when culling potential replacement heifers to ensure that sufficient replacements will be
available to meet future herd turnover needs and avoid lost opportunity cost associated with
prolonged retention of less profitable cows.

INTRODUCTION 
During the last 10 years, dairy producers have 
found themselves with a problem that historically 
was rarely a consideration: “How should I 
manage the excess replacement heifers that I am 
producing?” In the past, producers bred all cows 
and heifers with conventional semen and usually 
kept all or nearly all heifers that did not die. 
Because of the state of reproductive performance 
at that time, herds had to occasionally buy heifers 
to meet ongoing replacement needs. In the current 
state, however, combination of heavy utilization 
of sex-sorted semen (not only in virgin heifers but 
in many cases extending to the lactating cows) 
and improved cow and heifer reproductive 
performance has created a “nice problem to have” 
for many herds.  

Today, numerous management options affect 
quality and quantity of the replacement heifer 
pool. First, there are options for creating 
replacements including not only conventional 
semen, but also sex-sorted semen and IVF 
embryos. Then, there are the decisions around 
how many heifers should be produced, how much 
beef semen should be used, which females should 
produce the future replacements. Determining 
how many heifers to raise is not a difficult 
mathematic exercise. It requires the review of the 
farm’s performance in order to predict future 
pregnancy production, heifer survival, and herd 
turnover needs. This has been traditionally done 
based on a combination of historical performance 

and predicted future needs but obviously incurs 
significant risk including: (1) accurate 
assessment of historical performance; (2) 
accurate prediction of future turnover needs 
(often based on historical performance); and (3) 
financial risk of producing and raising heifers. 
There is no way of knowing, unfortunately, the 
future health and growth performance of heifers 
nor whether there may be unforeseen changes in 
culling demands in the cow herd. Raising an 
excess of heifers is not inexpensive and might not 
be the most appropriate option. But be aware, 
raising fewer heifers may result in forced 
reduction in herd turnover unless the herd is 
willing and financially able to purchase 
replacements. 

Herd turnover is driven by heifer availability. In 
nearly all economic conditions, failing to keep the 
dairy full to its capacity results in improper or 
incomplete dilution of fixed costs. In other words, 
removal of a cow is predicated on the availability 
of a fresh replacement. For dairies that raise their 
own replacements, ensuring an adequate supply 
of calving heifers supports the timely 
replacement of less profitable cows. Failure to 
replace an existing cow at the correct time results 
in a lost opportunity cost for the herd that doesn’t 
show up as a line item on a financial report and 
can be hard to estimate. For producers, the 
explicit cost associated with having to procure a 
replacement from outside the herd is known and 
easy to measure, but the lost opportunity cost may 
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not sufficiently motivate this management 
decision. Therefore, there is usually a significant 
financial risk associated with failure to raise and 
maintain an adequate and even slightly excessive 
population of replacement heifers in inventory.  

For most dairies, milk revenue accounts for 
approximately 90% of total farm revenue, and 
obviously, there is a desire to have a higher level 
of milk per cow to support the revenue needs. In 
addition, there is an awareness that the culling 
and replacement of cows is a significant cost. 
Consequently, many producers try to retain cows 
longer. Milking older cows can be a very good 
thing, if the older cows are retained in the herd 
because of the absence of disease or lameness, 
and their retention is based on wise economic 
decisions. In contrast, milking older cows can be 
a very bad thing if these cows are retained 
because of insufficient replacements, bad advice 
regarding culling management, focusing on the 
outcome vs. the contributing factors, or 
processor-based policy that may artificially limit 
turnover. As already mentioned, keeping less 
productive cows longer results in decreases in 
productivity that often outweigh any potential 
replacement cost savings.  

The goal of this project was to compare several 
potential selection strategies to identify heifers 
for removal. The initial assumption used is that 
the herd in question has an excess of replacement 
heifers and is interested in identifying a small 
percentage of the poorest quality heifers for 
targeted removal. The questions to answer 
include: (1) what is the impact of each selection 
option on potential future productivity as 
measured by first lactation production?; (2) how 
does selective removal of a small subset of heifers 
affect the cost of raising the remainder of the 
population?; and (3) what is the net impact of the 
greatest value option? 

MATERIALS AND METHODS 
A single Holstein herd based in the U.S. was 
selected for this project because they produce 
many replacement heifers, test all heifers shortly 
after birth for genomic values and BVD, use 
routine monthly milk testing, and before this 
project, utilized no selective culling of heifers. 
Data were extracted from the herd management 

software (DairyComp 305®) for Holstein heifers 
born between January 1, 2016 and February 28, 
2018 and imported in JMP Pro 15.0 for analyses. 
All heifers had to have the following variables to 
be included in the analyses: birth weight, PTA 
milk (PTAM from DHIA/CDCB), genomic 
predicted milk (GPmilk), and the average daily 
gain at 70 days of age (ADG70) as estimated by 
the herd management software. For the baseline 
analyses of heifer removal risks, there were no 
additional data requirements. For the modeling of 
first-lactation production, all cows had to have an 
initial calving date between January 1, 2018 and 
December 31, 2019.  

Six different selection approaches were evaluated 
and are described below: 

Model 1 
Lower quartiles for ADG70 and PTAM. If a 
heifer was identified as being in the lower quartile 
for ADG70 (< 2.05 lb/day) AND in the lower 
quartile for PTAM (< 266 lb), she was classified 
as a “CULL”. This approach resulted in 7% of 
heifers being classified as “CULL”. 

In order to make the comparisons similar in terms 
of selection intensity, all remaining modeled 
approaches were designed such that 7% of heifers 
would be classified as “CULL” in each model, 
although the specific heifers selected were not the 
same across each approach. All other heifers were 
classified as “RETAIN”. 

Model 2 
Bottom 7% based on PTAM only.  A custom 
quantile within PTAM (< 3) was estimated to 
establish a threshold for the bottom 7% of heifers. 
If a heifer’s PTAM value was equal to or less than 
this cut point, she was identified as a “CULL”. 

Model 3 
Bottom 7% based on ADG70 only. A custom 
quantile within ADG70 (< 1.76 lb/day) was 
estimated to establish a threshold for the bottom 
7% of heifers. If a heifer’s ADG70 was equal to 
or less than this cut point, she was identified as a 
“CULL”. 
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Model 4 
Lower quartiles for ADG70 and GPmilk. If a 
heifer was identified as being in the bottom 
quartile for ADG70 (< 2.05 lb/day) AND in the 
lower quartile for GPmilk (< 593 lb), she was 
classified as a “CULL”.  

Model 5 
Lowest GPmilk and below the median ADG70/ 
A custom quantile within GPmilk (< 374 lb) was 
estimated to establish a threshold for the bottom 
7% of heifers that were also at or below the 
median ADG70 (2.26 lb/day) for the herd. If a 
heifer’s PTAM value was equal to or less than 
this cut point, she was identified as a “CULL”. 

Model 6 
Bottom 7% based on GPmilk only. A custom 
quantile within GPmilk (< 182 lb) was estimated 
to establish a threshold for the bottom 7% of 
heifers. If a heifer’s PTAM value was equal to or 
less than this cut point, she was identified as a 
“CULL”. 

Other Procedures 
For each of the described model approaches, a 
multivariable linear least squares regression 
model was built using second test projected 305-
day milk (2nd 305M) as the outcome. The same 
explanatory variables were used for each model: 
birth weight, month of birth, year of birth, month 
of calving, age at first calving (days), number of 
calvings in the same week (used as a proxy for 
periparturient stocking density), and group (ALL, 
RETAIN or CULL). In addition, Cox 
Proportional Hazards models were built for each 
scenario to evaluate time-to-removal from the 
herd during the first lactation, censoring at 200 
days in milk, which represents the maximum time 
at risk for the most recently calved cows at the 
time of the analyses. The same explanatory 
variables were used as in the milk model. In 
addition, crude culling risks (sold for beef or 
died) through 200 days in milk also were 
calculated for each group within each modeled 
scenario. 

To estimate the predicted financial impact of the 
top selection scenario, an economic model was 
constructed to predict the estimated lifetime net 
present value (NPV) for milk production minus 

income-over-feed-cost (IOFC) and the economic 
losses attributable to culling differences between 
groups. For this evaluation, feed cost was set at 
$0.115 per pound of dry matter, maintenance was 
assumed to be 20 lb dry matter per day, milk was 
priced at $0.18/lb, and 2.34 lb of marginal milk 
could be produced from 1 lb of marginal dry 
matter intake. Group 1, ALL, was the original 
population of heifers as they existed on the dairy. 
Group 2, RETAIN, was the 93% of heifers that 
were designated for retention on the dairy. Group 
3, CULL, was the inferior group of heifers (7%) 
that was recommended for culling. The average 
305-day milk as a first lactation cow was used to
“seed” the NPV model and the production for
cows surviving to subsequent parities was
estimated using custom factors similar to mature
equivalent factors. The future values were
discounted based upon an interest rate of 6% per
year. Parity-specific risks for sold or died were
estimated for the entire herd for first through
seventh lactation for the most recent 12 months
and the overall herd turnover, defined as the total
number sold plus died divided by average
population of milking and dry cows was 38%.

A market value of $0.60/lb and parity-specific 
body weights were used to estimate the net 
market value for cows sold (32%) and $0 value 
for animals that died (6%). Assuming an initial 
heifer value of $1,800, the average economic loss 
was estimated by parity for cows that were sold 
or died. In addition, cows that survived from one 
parity to the next also experienced depreciation 
based upon a change in the remaining predicted 
milk income minus feed cost (IOFC). For 
example, the average NPV depreciation across all 
lactations for cows culled was $744 and for 
animals remaining in the herd, $184. 

Once the basic economic model was completed 
for evaluating IOFC and depreciation losses, the 
raising costs for each group was estimated. When 
farms raising their own heifers decide to raise 
fewer of them, the depreciation expense, utilities, 
and other fixed costs do not change. Labor costs 
might decline, but how much depends on how 
many heifers are removed. Removing poorer 
quality heifers by marketing for beef generally 
results in financial losses as the revenue received, 
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at least in current market conditions, does not 
cover the raising investments made to that point. 

The question posed here was what impact did 
removal (selling) of the CULL heifers have on the 
total average raising cost. To help answer this 
question, a previously published heifer raising 
cost model was updated with current input values 
(Overton and Dhuyvetter, 2017). Housing costs 
were considered fixed and labor was set to 75% 
fixed and 25% variable. A newborn heifer value 
was set at $90, the mature weight was assumed to 
be 1,600 lb, and the breeding weight was 896 lb 
or 56% of mature weight. Labor was set at 
$14/hour, AI costs were $21 per service, and the 
overall average daily gain (ADG) was 1.9 lb/d, 
yielding an average age at first calving of 
approximately 23 months. CULL heifers were 
removed at 77 days of age and the cull values 
were set at $0.75/lb of live weight.  

RESULTS AND DISCUSSION 
In the initial population of heifers with birth dates 
of January 1, 2016 to February 28, 2018 (n = 
5,504), 7% were sold and 2.5% died before 
calving. This initial population was selected in 
order to evaluate the pre-calving removal risks. 
For the remainder of the project, however, only 
heifers that calved within a specific range 
(January 1, 2018 to December 31, 2019) were 
evaluated. Of the 4,436 heifers that calved within 
this new range, the mean and standard deviation 
for the model explanatory variables were as 
follows: birth weight, (90.6 ± 10.4 lb), PTA milk 
(529 ± 386 lb), GPmilk (921 ± 483 lb), age at first 
calving (707 ± 41 days) and ADG70 (2.25 ± 0.33 
lb). Distribution of heifers by birth month varied 
from a low of 6.7% for May to a high of 12.1% 
for July and 56% of the heifers were born in 2017. 
From the 4,436 heifers that calved, 3,841 (86%) 
had a 2nd 305M recorded and the mean value was 
17,240 lb with a standard deviation of 2,860 lb. 
Through 200 days in milk (duration of the follow-
up period), 20% of all heifers that calved had 
been sold and 2% had died. 

Table 1 shows the results of the six modeled 
approaches. The number displayed for 2nd 305M 
is the estimated difference for RETAIN minus 
CULL heifers. The hazard rate represents the 
difference in risk of being removed, whether by 

sale or death, for the CULL vs. RETAIN heifers. 
For example, in all but 1 model (model 3), the risk 
of removing more CULL heifers than RETAIN 
heifers ranged from 1.6 to 2.2 times. Finally, the 
crude culling risk is the unadjusted proportion of 
cows removed for either sale or death through 
200 days in milk.  

All models showed at least a numerical advantage 
for milk production for the RETAIN heifers in 
each scenario, but the models containing the 
genomic milk prediction performed much better 
than any of the combinations of PTAM and 
ADG70. Within the three models containing the 
genomic prediction, there was no additional value 
found with including ADG70 in the model for 
this herd. Note, this does not mean that rate of 
gain or health of calves has no impact on first 
lactation production. This herd prides itself on 
doing a very good job with feeding and 
management and achieves a very high rate of gain 
by 70 days of age overall. In other herds with 
more disease pressure, incorporation of some 
measures of health or growth may eliminate 
heifers with good genetics, but suffer in future 
productivity because of health issues. 

Of interest is the near consensus of models as they 
relate to removal risk during first lactation. All 
models that incorporated some estimate of 
genetic prediction for milk showed that heifers 
identified as CULL experienced a greater risk of 
removal during first lactation compared with 
RETAIN heifers. All non-adjusted crude culling 
risks were higher for the CULL heifers in all 
models except the one based only on daily gain. 
The largest differences in Hazard Rate and crude 
risk were models 5 and 6 that used the lowest 
GPmilk values in determining CULL vs. 
RETAIN. 

For the economic evaluation of the cost vs. value 
of a selection approach, model 6 was chosen 
because it revealed the largest milk production 
difference between the CULL and RETAIN 
heifers for 2nd 305M and was equal to model 5 for 
the largest culling difference. Although the 
performance differences between CULL and 
RETAIN were very large, the key question to be 
answered is: “What is the value of the new 
population (RETAIN) vs. the original population 
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(ALL) that contained both the RETAIN and the 
CULL heifers.”  

The differences between 2nd 305M were then 
used to adjust the “current” or most recently 
recorded 305-day milk production. The original 
mean 305-day milk production for ALL heifers 
was 20,535 lb (Table 2). After adjusting the 

RETAIN and CULL heifers based on the 
modeled difference of 1,650 lb, and the 
population differences of 93% for RETAIN and 
7% for CULL, the resulting milk values for each 
group were 20,650 vs. 19,000 lb. Thus, the milk 
production difference between RETAIN and 
ALL is now only 115 lb during the first lactation. 

Table 1. Results of the linear least squares regression models for second test 305-day milk and the Cox 
proportional hazards model for time-to-removal through 200 days in milk 

Item 

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
Lower 

quartiles for 
ADG70 and 

PTAM 
Bottom 7% 
PTAM only 

Bottom 7% 
ADG70 only 

Lower 
Quartiles for 
GPmilk and 

ADG70 

Lowest 
GPmilk and 

below median 
ADG70 

Bottom 7% 
GPmilk only 

Advantage in 305-day milk projected on the second test day (2nd 305M) 

   RETAIN, lb 217 340+ 471** 1,360** 1,585** 1,650** 

   CULL, lb Referent = 0 Referent = 0 Referent = 0 Referent = 0 Referent = 0 Referent = 0 
Hazard rate (Cox Proportional Hazards Model) 
   RETAIN 1.6** 1.6** 1.0 1.9** 2.2** 2.2** 

   CULL Referent Referent Referent Referent Referent Referent 
Crude culling risk by 200 days in milk 

   RETAIN, % 21 21 21 20 20 20 

   CULL, % 29 31 21 32 38 38 

Comparisons between RETAIN and CULL within model: +P < 0.10; **P < 0.01

Removal risk through 200 days in milk was 
determined from actual data, but the full lactation 
removal risk was estimated by extrapolation 
using known culling risk for similar cows calving 
near the time of the heifers in this study. Table 2 
shows the extrapolated culling risk across the 
entire first lactation as well as the estimated 
impact of these differences only on total herd 
turnover. For the total herd turnover, no 
additional carry-over differences in removal risk 
for subsequent lactations and no differences in 
mortality were assumed. With 27%, 25%, and 
48% of cows removed during first lactation for 
ALL, RETAIN, and CULL, respectively, 
combined with the estimated production 
differences yielded large differences in NPV over 
the projected lifetimes for each group. Relative to 

the ALL heifers, which served as the referent 
group, the RETAIN group had an NPV of $96, 
whereas the CULL group’s NPV was −$1,079. 

In addition to the effect that differences in culling 
risk has on lifetime IOFC is the more direct 
impact on animal value loss. During each 
lactation, all herds experience either the 
economic loss associated with a decline in the 
remaining production potential or the loss in 
value as a result of being culled. Culling loss was 
estimated as the difference between the initial 
depreciated value of the cow entering that 
specific lactation minus the net revenue received 
if the cow was sold for beef. Cows that died or 
were condemned at time of slaughter received $0 
value. Loss in value for animals that survived 
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from one lactation to the next was estimated as 
the difference in the predicted remaining IOFC 
from one lactation to the next. For example, the 
average economic loss per cow removed during 

the first lactation for the ALL population was 
$1,075 and the loss or depreciation for cows not 
culled was $46. 

Table 2. Milk production, culling and lifetime income-over-feed-cost (IOFC) for all 
three modeled groups 

Item 
Original 
(ALL) RETAIN CULL 

First lactation 305-day milk, lb 20,535 20,650 19,000 

No. of calvings 4,436 4,130 306 

Total heifer population, % 100 93 7 
Culling risk through 200 days in milk of first 
lactation, % 21 20 38 

Estimated culling risk through first lactation, % 27 25 48 

Total herd turnover (all lactations), % 38 37 46 

Estimated lifetime IOFC, $ 6,253 6,349 5,174 
Net present value (NPV) difference from 
original, $ Referent 96 -1,079

Losses vary by parity and are influenced by 
mortality risk, condemnation risk, market values, 
and body weight. For the ALL scenario, 27% 
total culling risk for first-lactation cows was 
assumed (see Table 2) with an average economic 
loss of $291 per heifer calving (n = 4,436). For 
the RETAIN group, the culling risk was 25% with 
an average loss of $285 per calving (n = 4,130). 
To keep the comparison unit consistent, losses 
were estimated for the entire herd for each 
scenario and then adjusted to a “per RETAIN 
heifer calving” basis (n = 4,130). As a result, the 
total culling value savings for the RETAIN group 
was $28 per heifer. 

Under the assumptions used in the model, the 
average raising cost was $1,814 for the baseline 
(ALL) approach and $1,844 for the culling 
strategy illustrated by model 6 where 7% of 
heifers are removed at 77 days of age. All 
feeding, housing, nutritional and management 
inputs were identical between the two modeled 

approaches as was the stage-specific mortality 
risk and the projected reproductive efficiency. As 
a result of the selective removal of 7% of heifers 
early in the raising timeline, the total number 
removed because of death and reproductive 
failure is different from the original scenario. In 
contrast, the stage-specific risks were identical; 
the differences in number of animals removed for 
each of these reasons is simply the result of 
different populations at risk. These results are 
shown in Table 3, where the illustration is based 
upon a hypothetical population with 1,000 heifers 
each instead of the actual number of animals 
shown previously in Table 2. As a reminder, the 
model accounts for the fixed overhead costs. The 
actual marginal costs associated with raising 
fewer heifers such as feed, health, and 
reproductive costs were not evaluated separately 
for this project. Although the average raising cost 
may be more or less than expected, the important 
point for consideration is the delta, or in this case, 
$30 greater cost for the RETAIN scenario. 
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Table 3. Comparison of the number of cows removed and the total average 
raising costs for the two modeled scenarios 

Item Original 
(ALL) RETAIN 

Initial no. of heifers (modeled input set to 1,000) 1,000 1,000 
No. culled selectively . . . 70 
No. died 65 63 
No. culled because of reproductive failure 51 48 
Final no. of heifers calving 885 819 
Total raising cost, $ −1,814 −1,844
Difference, $ . . . −30

Summarizing each of the marginal values for 
each economic evaluation (see Table 4) shows a 
net value difference per RETAIN heifer calving 
for the herd of $96. One additional expense not 
yet included, however, is the cost of the genomic 
test. For this project, $40 was used as the test cost 
for each heifer (CLARIFIDE®, Zoetis Inc.). 
Assuming 7% removal because of selective 
culling and an additional 11% removed because 
of reproductive failure and mortality, a total of 
82% of heifers in the RETAIN group calved. 
Consequently, working backwards from 4,130 
heifers calving, 5,036 heifers would have been 

eligible for testing if testing were done as 
newborn calves. In reality, testing may be 
performed at different times, but for this scenario, 
the assumption was that testing was done shortly 
after processing at birth, after all stillborn calves 
have already been removed from consideration. 
Testing 5,036 heifers in order to achieve 4,130 
heifers calving results in a net testing cost of $49 
in the RETAIN scenario. After factoring in the 
genomic testing cost as illustrated, the final net 
value is $45 per RETAIN heifer, not accounting 
for any other additional or derived value 
associated with testing. 

Table 4. Summarization of the cost or values associated with the selective culling approach 
(RETAIN) compared with the Original (ALL) approach 

Item Original 
(ALL) RETAIN 

Net present value (NPV) of milk-based IOFC, $ Referent 96 
Value of reduced culling in first lactation, $ Referent 28 
Raising cost, $ Referent −30
Cost of genomic testing for ALL heifers ($40/heifer for ALL heifers), $ . . . −49

Final net value, $ . . . 45

The final net value of $45 per RETAIN heifer 
calving includes the NPV of predicted lifetime 
milk IOFC, culling value differences during first 
lactation (with no subsequent differences in 

culling or mortality after first lactation), the 
additional raising cost associated with selective 
heifer culling, and the cost of genomic testing of 
all heifers that enter the raising program. As a 
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result of this selection approach, the RETAIN 
heifers produced 1,650 lb more milk during first 
lactation compared with the CULL heifers and 
had a much smaller first lactation culling risk of 
25 vs. 48%. The economic comparison was made 
against the original ALL population and still 
resulted in significant value, even after 
accounting for the cost of testing. 

In contrast, this estimate does not include the lost 
opportunity that might result from a failure to 
timely replace cows in the milking herd as a result 
of insufficient heifers. Take caution to avoid the 
creation of a scenario with insufficient 
replacements because heifer availability is the 
primary driver behind herd turnover. Raising 
fewer heifers potentially places an artificial cap 
on the herd’s future herd turnover unless 
ownership is willing and able to purchase 
additional replacements as needed. 

Achieving less herd turnover because of 
improved reproductive performance and reduced 
disease impacts is potentially very valuable as a 
result of the reduction in replacement cost. But, 
depending on the variability in individual 
productivity, potential value of incoming heifers, 
and economic cost associated with replacement, 
the correct management decision might be to 
maintain a greater herd turnover in order to apply 
more cow-level selective culling pressure. 
Beware of the pitfalls of retaining less productive 
cows too long simply because insufficient 
replacements are available. 

This modeling exercise demonstrates the value of 
selection using genomic values. For this herd, 
using a single trait genomic selection process was 
the clear winner relative to the other options and 
adding daily gain information did not 
significantly help clarify decision making. It is 
important to remember, however, that this herd 
has very low disease risk and very good growth 
performance. In herds with additional health 
challenges, using growth information with 
disease information, or as a proxy for health if 
diseases are not consistently recorded, may 
improve the selection process. The final value 
shown above does not include any potential 
differences in health cost or reproductive 
performance. In addition, because of the single 

trait selection (fluid milk), there was no 
consideration regarding milk components. Single 
trait selection allows more intensive selective 
pressure and rapid progress towards a goal but 
may also carry with it unwanted consequences. 
Though not evaluated here, more comprehensive 
selection strategies using multi-trait indices may 
be the preferable option for long term 
profitability (Fessenden et al., 2020).  
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TAKE HOME MESSAGES 
• Metritis, the inflammation of the uterus caused by bacterial infection, is highly prevalent and usually

treated with antibiotics.
• Welfare of the cow, increase in antimicrobial resistance, and economic impact of not treating the cow

with antibiotics should to be taken into account when making antibiotic treatment decisions.
• Treatment with antibiotics increases the cure rate of metritis by 15 to 19 percentage points; therefore,

considering the welfare of cows diagnosed with metritis, the increase in cure rate alone might justify
treatment with antibiotics.

• A large self-cure rate of 55 to 62% occurs in cows that are left untreated at the time of metritis
diagnosis. Thus, leaving cows untreated at the time of metritis diagnosis and only treating those that
do not self-cure or present worsening of clinical signs might slow the development of antimicrobial
resistance.

• Looking at the economic impact, we observed that treatment with ceftiofur resulted in a decrease in
the cost of metritis of approximately US $200 compared with untreated cows, mostly because of a
reduction in milk losses, greater proportion of pregnant cows and decreased culling by 300 days in
milk.

INTRODUCTION 
Metritis, the inflammation of all layers of the 
uterus, is caused by polymicrobial infection of 
the uterus (Galvão et al., 2019). Metritis is one 
of the diseases with the greatest incidence during 
the early postpartum period in dairy cows. 
Incidence of metritis on dairy farms has been 
reported to be approximately 25%, but with a 
range from 8% to more than 50% in some herds 
(LeBlanc, 2008; Vieira-Neto et al., 2016; Pinedo 
et al., 2020). Previous research has shown that 
cows with metritis had reduced milk yield 
compared with cows that did not have metritis 
(Rajala and Gröhn, 1998; Dubuc et al., 2011; 
Pérez-Báez et al., 2019), and that the negative 
effect of metritis could be greatly 
underestimated if metritis is inconsistently or 
poorly diagnosed and/or recorded (McCarthy 
and Overton, 2018). Cows with metritis also 
have been shown to have delayed resumption of 
ovarian cyclicity (Santos et al, 2010; Ribeiro et 
al., 2013; Vercouteren et al. 2015), reduced 
pregnancy per AI (Mahnani et al., 2015; Santos 
et al., 2010; Lima et al., 2019), and increased 
calving to conception interval (Giuliodori et al., 
2013; Vieira-Neto et al., 2016) compared with 
cows without metritis. Furthermore, some 
studies have observed that cows with metritis 

were approximately 30% more likely to be 
culled from the herd (Wittrock et al., 2011), 
although the effect on culling is inconsistent 
(Gröhn et al., 1998; Dubuc et al., 2011). 

In dairy herds, ceftiofur tends to be the antibiotic 
of choice for treatment of metritis because it is 
effectiveness and it does not incur in milk 
withdrawal (Chenault et al., 2004; McLaughlin 
et al., 2012). Ceftiofur also was shown to 
improve the hazard of pregnancy and milk yield 
by 60 days in milk, although milk yield for a 
300 or 305day lactation was not increased 
(Piccardi et al., 2016; de Oliveira et al., 2020). 
Nonetheless, other antibiotics have shown to be 
effective in the treatment of metritis (Drillich et 
al., 2001; Goshen and Shpigel, 2006; Lima et al., 
2014). In addition, it is worth noting that only 
ceftiofur hydrochloride (Excenel®, Zoetis, 
Parsippany, NJ), ceftiofur crystalline-free acid 
(Excede®, Zoetis) and oxytetracycline 
(Liquamycin LA-200®, Zoetis) are labeled for 
treatment of metritis in the U.S. 

Although treatment with antibiotics increases the 
cure rate of metritis by 15 to 19 percentage 
points, there is a considerably large self-cure 
rate of 55 to 62% in cows that are left untreated 
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at the time of metritis diagnosis (Chenault et al., 
2004; McLaughlin et al., 2012; de Oliveira et al., 
2020); hence, posing the question of whether 
cows with metritis should not be treated with 
antibiotic. Of course, cows with metritis would 
receive supportive treatment as needed and 
would receive escape therapy if the condition 
did not improve or worsened (Chenault et al., 
2004; McLaughlin et al., 2012; de Oliveira et al., 
2020). Welfare of the cow, rise in antimicrobial 
resistance, and the economic impact of not 
treating the cow with antibiotics should to be 
taken into account when making treatment 
decisions (Stojkov et al., 2015; Woolhouse et al., 
2015; Barragan et al., 2018).  

ECONOMIC IMPACT  
Treatment costs, decreases in milk yield, 
reproductive performance, and survival in the 
herd lead to decreased profitability of cows with 
metritis compared with healthy cows. 
Researchers have calculated a cost of U.S. $106 
(U.S. $246 inflation adjusted dollars) in 
Michigan (Bartlett et al., 1986), U.S. $358 (U.S. 
$425 inflation adjusted dollars) in California 
(Overton and Fetrow, 2008), and between U.S. 
$267 and U.S. $406 in Florida (Lima et al., 
2019). More recently, the average cost of 
metritis estimated from 16 herds in four U.S. 
regions was U.S. $511, but ranged from $156 to 
$948 (Pérez-Báez et al., 2020; Table 1).  

Herein we observed that the loss in profit was 
highly correlated with milk loss caused by 
metritis (Figure 1). This wide range in milk loss 
and the cost of metritis indicates that 
management practices including metritis 
diagnosis, timing of metritis diagnosis, and 
treatment regimen may be contributing factors to 
the differences observed among herds 

This wide range in the cost of metritis indicates 
that management practices including metritis 
diagnosis, timing of metritis diagnosis, treatment 
regimen, and reproductive management may be 
contributing factors to the differences observed 
among herds (Espadamala et al., 2016). A 
detailed description of the herds used in this 

study was reported previously (Pinedo et al., 
2020). Among these 16 herds, one herd was 
organic; therefore, antibiotic treatment was not 
administered. We see that the profit loss of U.S. 
$593 was above the average loss of U.S. $511; 
however, much less than some of the 
conventional herds (Table 1). Although 
interesting, the wide differences in herd statistics 
and herd management makes herd comparisons 
inherently flawed. In order to estimate the 
economic impact of withholding antibiotic 
treatment from cows with metritis, randomized 
clinical trials are needed; however, few have 
been conducted (Piccardi et al., 2016; de 
Oliveira et al., 2020). We conducted an 
economic analysis (Silva et al., unpublished) 
using data generated in our previous study in 
which cows with metritis were either treated 
with ceftiofur crystalline-free acid (Excede®, 
Zoetis) or were left untreated at the time of 
diagnosis (de Oliveira et al., 2020). Treatment 
with ceftiofur resulted in greater proportion of 
pregnant cows (71 vs. 61%) and decreased 
culling by 300 days in milk (29 vs. 39%), and 
decreased profit loss (U.S. $204 vs. $407) than 
untreated cows (Figure 2). A stochastic analysis 
showed that the mean difference in profit 
between the ceftiofur treated and untreated 
controls was U.S. $202 (range of $132 to $271), 
and that replacement cost (49%) and saleable 
milk (28%) accounted for most of the variation 
in the profit loss difference. 

Therefore, based on this study, ceftiofur reduced 
the economic loss caused by metritis losses by 
improving fertility, reducing culling and 
replacement cost, and reducing milk yield 
losses. This study indicates that purely based on 
economics, it would not be recommended to 
leave cows untreated for metritis at the time of 
metritis diagnosis. In the original study, cows 
received escape and supportive therapy as 
needed (de Oliveira et al., 2020). Therefore, 
further studies are needed to evaluate if 
systematic supportive treatment or alternative 
treatments can mitigate the negative impacts of 
metritis.
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Table 1. Herd description, milk loss, and loss in profits from metritis by herd. 

State-Herd 
No Region1 Metritis, % (n/n)2 

Rolling herd 
average, kg 

Milk loss, 
kg3 

Profit loss, 
$/cow4 

MN MW 29 (238/828) 16,260 407 352 
OH-1 MW 15 (91/606) 13,140 2,213 948 
OH-2 MW 19 (152/810) 10,585 625 392 
OH-3 MW 21 (274/1,310) 12,775 1,422 639 
WI-1 MW 19 (148/775) 14,618 821 461 
WI-2 MW 17 (134/766) 14,964 345 217 
NY-1 NE 22 (276/1,248) 14,267 811 395 
NY-2 NE 22 (76/350) 14,764 778 374 
NY-3 NE 25 (158/631) 13,769 884 442 
NY-4 NE 22 (89/402) 13,271 1,175 759 

FL SE 41 (485/1,159) 11,300 1065 520 
CA-1 SW 43 (152/351) 12,500 662 279 
CA-2 SW 21 (60/288) 12,300 1879 888 
CA-3 SW 24 (203/831) 13,100 1005 484 
TX-1* SW 24 (144/593) 8,635 965 594 
TX-2 SW 36 (227/633) 9,348 333 156 

Averigüe - 25 (2,907/11,581) 12,849 814 511 
1SE = Southeast; MW = Midwest; SW = Southwest; NE = Northeast. 
2Metritis prevalence. 
3Milk loss = Difference in milk production between cows that developed metritis and that did not 
develop metritis. 
4Difference in profit lost between cows that developed metritis and cows that did not develop 
metritis.  
*Organic herd.

Figure 1. Simple linear 
regression (P < 0.001) 
between average milk loss 
and average profit loss 
resulting from metritis in 16 
herds in four U.S. regions. 
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Figure 2. Losses in profit from 
metritis when metritis was treated 
with ceftiofur crystalline-free acid 
(Excede) or were left untreated at 
metritis diagnosis. Loss was 
calculated by subtracting the profit of 
each group of cows with metritis from 
the profit of a group of cows that did 
not have metritis.  

ALTERNATIVE TREATMENTS 
A number of trials have attempted to treat cows 
for metritis without using antibiotics (Pinedo et 
al., 2015; Pinedo et al., 2017; Pohl et al., 2016; 
de Oliveira et al., 2020). Pinedo et al. (2015) 
observed that cows treated with an organic 
compound (Optimum UterFlush®, Van Beek 
Natural Science, Orange City, IA) had improved 
cure rate, fertility, and survival compared with 
cows receiving diluted povidone iodine. Later 
they observed that addition of calcium as 
supportive treatment did not improve health or 
fertility in cows treated with the organic 
compound. Neither of these studies had an 
untreated control or a treatment that included 
antibiotics. Therefore, it is unclear if the organic 
compound is as effective as antibiotic in the 
treatment of metritis. Pohl et al. (2016) 
compared the anti-inflammatory ketoprofen with 
ceftiofur hydrochloride for the treatment of 
metritis, and observed that cows treated with 
ketoprofen were more likely to not complete the 
initial course of treatment (12 vs. 5%) and to 
need extended treatment that included antibiotic 
treatment (61 vs. 31%) compared with ceftiofur 
treated cows. Hence, a substantial proportion of 
cows eventually received antibiotic treatment, 
although the number of doses was decreased in 
the ketoprofen group compared with ceftiofur 
treatment (1.8 vs. 3.6 doses). 

Nonetheless, health, fertility and survival did not 
differ between treatments, which indicate that 
antibiotic use could be decreased when an initial 
treatment with ketoprofen was given. Again, an 

untreated control was not included, which makes 
it impossible to ascertain that ketoprofen had 
any beneficial effect.  

When another non-steroidal anti-inflammatory 
(i.e., flunixin meglumine) was used in addition 
to ceftiofur hydrochloride to treat metritis, no 
additive effect was observed (Drillich et al., 
2007). Another alternative treatment tested by 
our group is chitosan microparticles (CM). We 
had shown previously that CM had broad-
spectrum of antimicrobial activity in vitro (Jeon 
et al., 2014), and CM was partially effective at 
preventing metritis in dairy cows (Daetz et al., 
2016). Nonetheless, we observed that CM did 
not improve the cure of metritis, and was 
detrimental to milk yield, survival, and fertility 
compared with untreated cows (de Oliverira et 
al., 2020). These negative effects likely resulted 
from excessive inflammation in the reproductive 
tract because more CM-treated cows were culled 
because of uterine related inflammatory 
conditions, such as metritis, pelvic 
inflammation, peritonitis, and mass in the pelvis. 
Treatment with CM also led to increased culling 
because of low milk yield compared with 
untreated cows. In summary, a limited number 
of studies performed randomized trials that 
included an untreated group, an alternative to 
antibiotics, and an antibiotic treatment; 
therefore, further research and development, and 
randomized trials are needed to develop and test 
alternative to traditional antibiotics. 
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WELFARE AND ANTIMICROBIAL 
RESISTANCE 

Aside from the economic impact of metritis 
treatment, it is important to consider the welfare 
consequences to the cow (Stojkov et al., 2015) 
and the increase in antimicrobial resistance 
(Woolhouse et al., 2015), which can affect the 
effectiveness of antibiotics such as third 
generation cephalosporins used in animals and 
humans. In a recent experiment, we observed 
that ceftiofur treatment increased cure rates 
when evaluated 12 days after treatment, but it 
did not affect culling or death in the first 60 days 
in milk (de Oliveira et al., 2020). If we consider 
increased cure rate by 12 days after treatment as 
an indicator of welfare, treating the cow at the 
time of diagnosis may be preferred. Nonetheless, 
more specific measures of welfare such as 
assessment of visceral pain (Stojkov et al., 2015) 
and measurement of biomarkers of pain such as 
substance P (Barragan et al., 2018) should be 
performed to help inform decision making. If the 
intent is to reduce the increase in antimicrobial 
resistance, not treating the cow at the time of 
diagnosis might be preferred, despite the 
possible negative welfare and economic 
consequences. We observed that only 16% of 
the untreated cows received escape antibiotic 
treatment for metritis (de Oliveira et al., 2020), 
which could have marked consequences for the 
acquisition of antimicrobial resistance if 
implemented on a large scale. In our recent 
survey of 16 herds across the U.S., we observed 
an incidence of metritis of 25% (Pinedo et al., 
2020; Table 1). Therefore, with approximately 9 
million non-organic dairy cows in the U.S. 
(USDA NASS, 2017), we would have 
approximately 2.25 million cows being treated 
for metritis with antimicrobials every year. This 
number could be reduced to nearly 0.36 million 
if only 16% of the cows received antimicrobials 
for the treatment of metritis. Nonetheless, this 
could lead to a loss of US $450 million to the 
dairy industry, assuming a loss of approximately 
US $200 per untreated cow (Silva et al., 
unpublished). Therefore, given the large 
incidence of metritis in dairy herds, and the 
potential for welfare and economic benefits of 
treating cows with metritis with antimicrobials, 
it is difficult to expect that producers would 
forego treatment in exchange for a potential, 

though uncertain, reduction in antimicrobial 
resistance. Hence, it becomes critically 
important to invest in research and development 
of effective alternatives to traditional antibiotics 
to safeguard the health and welfare of animals 
and humans. In addition, a greater focus is 
needed for preventive strategies to reduce the 
prevalence of metritis in dairy herds. 

PREDICTION OF CURE 
As mentioned before, a large self-cure rate (55 
to 62%) occurs in cows that are left untreated at 
the time of metritis diagnosis (Chenault et al., 
2004; McLaughlin et al., 2012; de Oliveira et al., 
2020). If we were able to predict which cows 
would cure without antibiotic treatment, we 
could significantly reduce use of antibiotics as a 
treatment for metritis. In a recent study 
(Machado et al., 2020), we tried to do that using 
data derived from our previous experiment (de 
Oliveira et al., 2020). We identified haptoglobin 
concentration and days in milk at diagnosis as 
possible variables that could predict metritis 
cure. The cut-off for these variables were 
restrictive, meaning that only 31% (for 
haptoglobin) to 35% (for days in milk) of the 
cows would be flagged for self-cure; however, 
positive predictive value was large; 80% (for 
haptoglobin) to 82% (for days in milk), meaning 
that 80 to 82% of the cows predicted to have 
self-cure would indeed have self-cure (Table 2). 
The other 18 to 20% would require antibiotic 
treatment. Therefore, if these predictors were 
implemented in a dairy, antibiotic use could be 
reduced by 25 (0.31 x 0.80) to 29% (0.35 x 
0.82). It was surprising that days in milk was as 
predictive if not slightly more predictive than 
haptoglobin. This is desirable because 
haptoglobin measurement is not readily 
available as a cow-side test. Hence, further 
studies should focus on other variables that can 
be assessed at the farm such as milk yield up to 
metritis diagnosis and rectal temperature. 
Rumination and activity monitors have been 
used to predict metritis development 
(Stangaferro et al., 2016), and they could 
potentially be used for prediction of metritis 
cure. Furthermore, the advent of machine 
learning may make it possible to analyze the 
large amount of information that can be used to 
predict metritis cure. In summary, although 
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some progress has been made towards reducing 
antibiotic use by applying the current 
knowledge. We are far from being able to 

identity most of the cows that would self-cure 
from metritis; therefore, further research in this 
area is needed. 

Table 2: Application of the optimum threshold of haptoglobin and days in milk at metritis 
diagnosis associated with metritis cure for untreated cows. Adapted from Machado et al. (2020). 

Variable Threshold 
Cows 

flagged, % Se, %1 Sp, %2 PPV, %3 NPV, %4 

Haptoglobin ≤ 0.54 mg/mL 31 39 83 80 43 

Days in milk > 8 35 44 83 82 45 
1Se: Sensitivity. 
2Sp: Specificity. 
3PPV: Positive predictive value. 
4NPV: Negative predictive value. 

CONCLUSIONS 
Welfare of the cow, increase in antimicrobial 
resistance, and economic impact of not treating 
the cow with antibiotics should be taken into 
account when making antibiotic treatment 
decisions. Given the large incidence of metritis 
in dairy herds, and the potential for welfare and 
economic benefits of treating cows with metritis 
with antimicrobials, it is difficult to expect that 
producers would forego treatment in exchange 
for a potential, though uncertain, reduction in 
antimicrobial resistance. Hence, it becomes 
critically important to invest in research and 
development of effective alternatives to 
traditional antibiotics to safeguard the health and 
welfare of animals and humans. Development of 
models that can predict metritis self-cure might 
decrease the need for antibiotics. In addition, a 
greater focus is needed on preventive strategies 
to reduce the prevalence of metritis in dairy 
herds. 
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TAKE HOME MESSAGES 
• Continuous analyses of integrated dairy farm data streams can provide novel insights for improved

decision-making
• The University of Wisconsin Dairy Brain project addresses dairy farm data integration and their

value-added applications as a continuous data-driven decision-making engine
• The Dairy Brain’s Agricultural Data Hub (AgDH) is designed to ingest dairy data from multiple

sources, establish their relationships, connect them, and make the data consistent and available from a
single source

• The Dairy Brain’s analytical modules encompass near real-time algorithms capable of performing
longitudinal historical analyses, forecasting future performance, and prescribing the best course of
action in a continuous loop through decision support tools connected to integrated dairy farm data

• We demonstrate the Dairy Brain’s value proposition with two practical prescriptive applications. One
addresses herd’s nutritional accuracy improvement. The other deals with maximizing genetic progress
and profitability through reproductive management.

INTRODUCTION 
Dairy farmers have embraced technologies that 
generate data streams from the dairy farming 
precision agriculture revolution (Bewley and 
Russell, 2010) that are difficult to manage 
because the resulting data ecosystem is large and 
complex (Ferris et al., 2020). When integrated, 
these data streams can uncover new insights and 
therefore improve decision-making and farm 
management (Liberati and Zappavigna, 2009). 
Permanent analyses of integrated data pipelines 
can help identify feeding and health problems 
(Arcidiacono et al., 2017), optimize 
reproduction performance (LeRoy et al., 2018), 
and improve the sustainability of the overall 
system (Wathes et al., 2008).  

Near real-time integration of milking, feeding, 
reproduction, behavior, and many other dairy 
farm record-keeping systems, however, is 
challenging (van der Weerdt and Boer, 2015). 
The lack of data integration and its subsequent 
interpretation and value-added utilization delays 
optimal actions, increases mistakes, and hides 
improvement opportunities, which ultimately 
decreases profitability and threatens the 
sustainability of modern dairy farm systems 
(Cabrera et al., 2020). Integrated big data 

analytics (such as data mining and machine 
learning techniques (Morota et al., 2018)) are 
necessary to ameliorate the combined biological, 
economic, and environmental uncertainties 
inherent to the production system (Wolfert et al., 
2017), but they require management of the 
quality, heterogeneity, and transformations of 
the data (Hashem et al., 2015).  

Any attempt to develop an interconnected 
system of data and services requires 
considerations and standards: dairy farm data 
tends to be “dirty” and data cleaning is not a 
priority because of a lack of a clearly defined 
value proposition (Ferris et al., 2020). Data must 
be acquired and edited in a reliable fashion, 
passed to the analytical suite with a consistent 
structure, and then used for descriptive, 
predictive, and (or) prescriptive analytics (Ferris 
et al., 2020). Decisions could be strategic such 
as breeding or genetic progress protocols; 
tactical such as diet formulation or vaccination 
schedules; or operational such as health or 
hormonal treatments. Depending on the nature 
of the problem, these decisions are needed at 
different specified timeframes (e.g., hourly, 
daily, weekly, monthly, or yearly). 
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BACKGROUND 
The University of Wisconsin Dairy Brain project 
(https://DairyBrain.wisc.edu) engages a 
transdisciplinary team of more than 15 dairy, 
data, and computer scientists working in close 

collaboration with progressive dairymen, 
extension educators, and allied industry tackling 
the issue of dairy farm data integration and their 
value-added applications (Figure 1). 

Figure 1. Core concept of the University of Wisconsin-Madison Dairy Brain, a continuous data-driven 
decision-making engine. 

As such, the UW Dairy Brain encompasses four 
main objectives: (1) Nurture a Coordinated 
Innovation Network (CIN) to shape the data 
service development. (2) Create an Agricultural 
Data Hub (AgDH) to gather, integrate, and 
disseminate multiple data streams relevant to 
dairy operations. (3) Build the Dairy Brain as a 
suite of analytical modules that leverages the 
aggregation service to provide dairy 
management insights as an exemplar of 
connected ecosystems services. (4) Design and 
execute an innovative extension program. This 
paper discusses the development of the AgDH 
and the Dairy Brain with a vision of the future 
for dairy management decisions based on 

permanent data integrated for predictive and 
prescriptive data analytics and includes the 
description of two analytical applications within 
the Dairy Brain domain. 

THE AGRICULTURAL DATA HUB 
(AgDH) 

Although the dairy farm data we are collecting 
at the moment is not “big data” in the scientific 
sense, it is handled with the principles and 
methodologies grounded in the big data 
literature (Wolfert et al., 2017; Ferris et al., 
2020) because it will eventually become big data 
when more data streams, longer periods of time, 
and (or) more farms enroll in the project. The 

https://dairybrain.wisc.edu/
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AgDH is designed as a system to ingest dairy 
data from multiple sources to establish the 
relationships among these sources and therefore 
make the data consistent and available from a 
single location, an aggregator entity to gather 
and disseminate multiple harmonized data 
streams to analytical tools (Ferris et al., 2020). It 
entails the transformation and joining of data 
streams as they are being generated and provides 
functional access to the resulting data. The 
AgDH collects, harmonizes, and stores 
information from siloed data streams on dairy 
farms and provides permissioned programmatic 
access to dairy-specific data (Figure 2). 

Data Processing Flow 
Data pertaining to dairy farms, collected on- or 
off-farm, are stored in raw heterogeneous 
formats, which we think are better processed 
through an extraction, transformation, and 
loading (ETL) process to prepare the data to be 
accessed via a programmatic interface (Ferris et 
al., 2020). Within this process it is important to 
determine a protocol on how to treat missing, 
corrupt, or inaccurate (“dirty”) data, which is 
commonly found in dairy data settings. Dirty 
data will be primarily handled by advanced 
statistical techniques that consider conditions 
under which missing data occurred, such as 
multiple-imputation, full information maximum 
likelihood, expectation maximization, and 
matrix completion (Dong and Pen, 2013). 

Figure 2. Siloed dairy data streams aggregated and disseminated by the Agricultural Data Hub (AgDH). 
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In order to make the data consistent, 
independent of a particular vendor or data 
collection system, we are creating a universal 
relational framework with common keys to 
retrieve data efficiently. This requires entity 
matching to identify the same individual or 
object and matching within different data 
sources (Ferris et al., 2020). Although this might 
seem trivial with clearly organized data and only 
a few sources, it becomes a challenging task 
when disorganized data sources grow. We 
anticipate the need of machine learning 
approaches to merge dairy data streams (Mudgal 
et al., 2018). In addition, dairy data that are 
recorded as an event (e.g., disease onset, 
breeding, vaccination) must be handled within a 
taxonomy for events (Shuetz et al., 2018). We 
favor a centralized database storage as a data 
warehouse structure because some of the data 
can be characterized as ephemeral (stored in the 
original source for only a short period of time), 
highly heterogeneous, and likely unstructured 
(Ferris et al., 2020). 

Currently, the data collected from all data 
streams of the five cooperating farms is 
permanently stored in the University of 
Wisconsin-Madison Center for High Throughput 
Computing server (http://chtc.cs.wisc.edu/; 
Liang et al., 2018). Data from the farms are 
pulled into files in specific directories of the 
server, whose structure is determined by the data 
source (farm, data stream, date). When newly 
arriving files are sensed, our campus server 
identifies the data type and applies a 
predetermined processing pathway to extract the 
data to a universal database using data-parsing 
logic specific to software vendor. Data are then 
transformed by a process of cleaning that 
involves data mining techniques and language 
processing scripts to detect and correct or 
remove corrupt or inaccurate data points. 
Cleaned data are then harmonized using a 
relational database with common key variables 
(entity matching) and with consistent format and 
structure, regardless of the source.  Harmonized 
data are loaded into the AgDH, which serves as 
our data warehouse and the main bridge among 
the farms, research activities, and development 
of decision support tools. Subsequent on-

demand data retrieval is provided as needed 
(Shuetz et al., 2018). 

All programmatic code along with its 
documentation are safely versioned in our 
project GitHub repository
(https://github.com/orgs/DairyBrain/). We favor 
the Python® programing environment (Rossum 
and Drake, 2009) as the open source, object-
oriented language for both database management 
and analytic modules development because it 
supports a large and increasing number of 
libraries, modules, and packages that promote 
modularity and code reuse. 

Applications Programming Interface 
Our system will link services via application 
programming interfaces (APIs), which are a 
modern and widely accepted approach for 
providing programmatic access to data and 
services. They make data available via web 
requests using a representational state transfer 
(REST) architecture and the well-established 
JavaScript Object Notation (JSON) format for 
data transfer. APIs work as a query operation by 
calling data or services through a standard http 
request that includes a set of input data. Output 
data normally comes in JSON format, comma 
separated values (CSV), or other (eXtensible 
Markup Language (XML) style. Its benefits 
include a clear definition of the expected data 
types retrieved and a highly flexible system that 
allows for controlled access to different data 
sources and services for different uses. As such, 
it is a modular system where analytical tools can 
be developed independently of each other and 
the data source. Therefore, it supports parallel 
development of data and analytical services 
(Ferris et al., 2020). Our APIs allow fine control 
of data and services access via a secure 
encrypted https connection in which users need 
to be approved and authenticated by the AgDH 
service. The vision is to make both the AgDH 
and the Dairy Brain analytical services 
accessible via APIs, which, however, would 
remain independent of each other. This setup 
will allow use of analytical services (Dairy 
Brain) with external data and/or use data 
services (AgDH) with external analytical 
services, if so desired. 

http://chtc.cs.wisc.edu/
https://github.com/orgs/DairyBrain/
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THE DAIRY BRAIN 
The Dairy Brain encompasses development of 
analytical modules and decision support tools 
with constant flow of integrated data. Our vision 
is near real-time analytical engines capable of 
performing longitudinal historical analyses as 
well as forecasting future performance informed 
by evolving past performance in a continuous 
loop (Cabrera et al., 2020). It will provide 
descriptive, predictive, and prescriptive analytics 
(Ferris et al., 2020). Descriptive analytics refers 
to key performance indicators or KPIs such as 
milk income over feed cost, feed efficiency, 
disease incidence, or pregnancy rate. Predictive 
analytics involve forecasts and projections such 
as the required replacements needed to keep the 
herd size stable, advance feed purchases for the 
season, cropland required to apply all the 
manure during the growing season, or likelihood 
of mastitis disease on a cow. Prescriptive 
analytics go one step further evaluating the 
tradeoffs of alternative course of actions and 
suggesting the best pathway to reach a goal 
within farm constraints.  Examples include 
determining the herd demographics that would 
yield the maximum profit (Ferris et al., 2020), 
proposing the best breeding, reproduction, and 
culling protocols to reach the greatest genetic 
progress, or recommending the best grouping 
strategy to maximize nutritional feed efficiency 
and net return (Barrientos-Blanco et al., 2020). 
Data-informed decisions should follow farmer 
needs and be in tune with their short-, medium-, 
and long-term goals. Although some operational 
or short-term decisions informed by milk 
income minus feed cost ($/cow per day) or feed 
efficiency measured as milk produced over feed 
costs (lb milk/lb feed per day) require rather 
trivial calculations, these require (even demand) 
integrated data streams and a detailed ontology 
(Ferris et al., 2020). This becomes even more 
critical when decisions are envisioned for mid- 
or long-term dimensions applying predictive or 
prescriptive algorithms for strategic planning, 
that likely entail additional data streams, greater 
integration, and more advanced analytics.  

There are numerous current and upcoming 
opportunities for integrated data-driven decision 
making in diverse dairy farm management areas 
such as early disease detection (Weigel et al., 

2017; Fadul-Pacheco et al., 2019; Delgado et al., 
2019); cow-life profitability projections 
(Cabrera, 2010; 2012); reproductive 
performance (Giordano et al., 2012); 
environmental performance (Liang and Cabrera, 
2015); nutritional grouping (Kalantari et al., 
2016; Wu et al., 2019; Barrientos-Blanco et al., 
2020), among others (Cabrera, 2018).  As 
specific examples, two practical prescriptive 
applications within the Dairy Brain concept are 
discussed hereafter. 

(1) Improving Nutritional Accuracy
Motivation. Nutritional grouping and providing
accurate diets to cows is an effective strategy to
control cost, increase revenue, and enhance herd
feed efficiency in dairy farms (Kalantari et al.,
2016). The underlying argument for nutritional
grouping is the fact that arranging animals
according to their density (unit/kg diet dry
matter) of nutrient requirements (e.g., energy,
protein, etc.) results in groups of cows that are
more homogeneous in their diet requirements.
This will result in less underfed or overfed
animals and therefore cost savings and increased
productivity (Cabrera and Kalantari, 2016).
Underfed animals become underconditioned
leading to decreased production and
reproductive efficiency (Roche et al., 2013),
whereas overfed cows become overconditioned
with increased metabolic problems when
freshening (Roche et al., 2009). Using only one
or a few diets for the whole lactating herd cannot
represent the nutritional needs of all the cows in
the group, prompting farmers and nutritionists to
provide diets with nutrient densities tailored to
the needs of the top cow producers in a group
and therefore overfeeding a great majority of the
cows in the group (Cabrera and Kalantari, 2016).
Costs of feed are consequently increased, and
metabolic issues are exacerbated without
improving productivity. Enhanced nutritional
accuracy in a group results in feeding cows
closer to their requirements (Cerosaletti and
Dewing, 2008), which will increase milk
productivity and decrease nutrient excretion
(Kalantari et al., 2016). Although farmers group
animals in pens following diverse criteria (e.g.,
reproductive or lactation status), most of them
rely on too few diets (Contreras-Govea et al.,
2015) or diets not formulated according to
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requirements (Cabrera and Kalantari, 2016) 
because they find barriers to provide more diets 
(Contreras-Govea et al., 2015) and/or they do 
not have expert systems in place to adjust diets 
dynamically to the ever changing nutritional 
requirements of the group (Contreras-Govea et 
al., 2015). The on-farm data streams, computer 
and feeding systems, and grouping protocols 
available today, coupled with data integration 
initiatives such as the Dairy Brain project 
provide an opportunity to facilitate effective 
application of nutritional grouping and accurate 
diet formulation on dairy farms (Barrientos-
Blanco et al., 2020). 

Background. Currently, a large dairy farm (i.e., 
2,400 lactating cows), engaged with the Dairy 
Brain project, allocates cows into 14 pens 
according to parity (primiparous and 
multiparous) and stage of lactation (fresh, early, 
peak, and late lactation). For these groups, they 
formulate and provide 9 diets. In general, diets 
are for early, mid, and late lactation cows with 
some differences between primiparous and 
Multiparous cows. These diets are reformulated 
3 or 4 times a year according to feed prices and 
not according to cow groups’ nutrient 
requirements. In addition, individual cow 
nutritional requirements are not used as a 
criterion to allocate cows to pens. Every 
Tuesday (once a week), cows are moved 
between pens if their status has changed (e.g., 
early to mid-lactation), and/or if it is required by 
the natural flow of animals through pens to 
avoid over or under crowded pens. The decision 
to move cows is made by the manager using 
expertise or experience and a printed list of 
animals. The farm system currently in place 
takes time, lots of personnel effort, is prone to 
errors, and is inconsistent. Above all, it does not 
take into consideration nutritional requirements 
as a criterion to allocate cows to pens, and diets 
are not based on the nutritional requirements of 
the cows in each pen. 

Data integration. A prescriptive model was 
developed to propose a better allocation of cows 
to pens and to suggest better diets to provide in 
each pen, which requires continuous data inflow 
and data integration. At least two main data 
stream sources need to be connected 

permanently: the herd management software and 
the feed management software. In the case study 
farm, these were Dairy Comp 305 and Feed 
Comp. Although both are from the same vendor, 
Valley Ag Software (Tulare, CA), they are 
independent of each other and are not integrated. 
Connection of the two data sources is via two 
common merge reference variables: pen 
identification number (Pen ID, No) and 
observation date (Fdate, yyyy-mm-dd). Cow 
level data required (from Dairy Comp 305) are 
Cow ID, days in milk, parity, body weight (BW, 
kg at date available), milk yield (kg/day), milk 
protein (%), and milk fat (%). Pen data required 
(from Feed Comp) are dry matter intake 
(average kg/cow per day) and diet provided 
(ingredients, quantity, composition, and price). 
This data integration system is prepared for 
automation with minimal or no supervision. The 
farm uses the nutritional dynamic system 
software for diet formulation, which is based on 
the Cornell Net Carbohydrate and Protein 
System (Van Amburgh et al., 2015). The same 
software, feed library, and prices are used for 
diet re-formulation within the proposed 
prescriptive framework. 

Nutritional requirements. Cow-level, daily dry 
matter intake (kg DM), energy, NEL (Mcal), and 
grams of metabolizable protein (MP) are 
calculated based on NRC (2001) as a function of 
week of lactation, energy corrected milk, and 
BW. Body weight at the farm is available only 
once per lactation. This value is used internally 
to predict daily BW as a function of average 
herd BW, parity, and stage of lactation 
(Kalantari et al., 2016). NEL and MP are then 
expressed as a density by dividing them by the 
dry matter intake, Mcal and g/kg DM, 
respectively. 

Pen allocation. Respecting as much as possible 
the farm grouping protocols and procedures 
(e.g., cows are allocated to pens primarily by 
parity and stage of lactation), cows are clustered 
to pens according to their nutrient density 
requirements (NEL and MP) in an attempt to 
have greatest homogeneity within groups 
(closest nutritional requirements) while having 
greatest heterogeneity between groups. The 
number of cows per pen is constrained to 
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maximum number of animals allowed in each 
pen. 

Diet formulation and comparison with current 
farm practice. Once cows are allocated weekly 
in pens, the diets are reformulated according to 
the pen group requirements following the 
classical 83rd percentile cow on the predicted 
MP and NEL pen requirements (McGilliard et 
al., 1983). These diets should change every 
week but being consistent with current farm 
practice and for comparison purposes, average 
diet for an analysis period of 9 weeks was kept 
constant in each one of the pens. The proposed 
diet for each pen was the average of the 9-week 
period. At the end, the proposed framework was 
different than the current farm framework in (1) 
cows allocated to each pen and (2) diet provided 
to each pen. 

Outcomes. Savings on feed across all pens for 
all lactating cows adds a value of $31/cow per 
year when applying proposed framework 
compared with current farm practice (Table 1). 
This is explained by the fact that cows allocated 
to groups according to nutritional requirements 
determine greater nutritional accuracy (i.e., 
provided diets are closer to the cows’ 
requirement; Table 1). This economic value did 
not include potential increase in milk 
productivity, which would likely have an even 
greater economic benefit (St-Pierre and Thraen, 
1999; Kalantari et al., 2016; Wu et al., 2019). 
This value would also be much greater if diets 
would change weekly and if cows would be 
allocated to pens only based on their nutritional 
requirements. Other benefits not considered, but 
expected, would be improved herd health and 
decreased environmental footprint of the dairy 
operation (Cabrera and Kalantari, 2016). 

Table 1. Diet cost savings and improved diet accuracy of proposed Dairy Brain prescriptive 
nutritional accuracy practice 

Item Unit 

Farm 
current 
practice 

Dairy Brain 
proposed 
practice 

Difference in favor 
of proposed 

practice 
Diet cost $/cow/day 8.91 8.82 -0.09
Diet accuracy index1 MP g/kg of DM 0.1876 0.1803 -0.0073
Diet accuracy index1 NEL Mcal/kg DM 0.2171 0.2134 -0.0037
1Diet accuracy index = aggregated difference between the density of diet nutrient content and each cow’s 
nutrient requirement: Better when lower. MP = metabolizable protein. NEL = net energy for lactation. DM 
= dry matter. 

In addition, not discussed here, the proposed 
grouping strategy based on cows’ nutritional 
requirements determines much better and 
consistent allocation of cows to pens across time 
with less undercrowded or overcrowded pens 
and much lower risks of misclassifications of 
cows to pens (Barrientos-Blanco et al., 2020). 
This exemplar proves the value added of a 
practical and feasible application when data 
streams are integrated and continuously 
analyzed within a prescriptive domain using the 
underline concepts of the Dairy Brain. 

(2) Application for Evaluating Reproductive
Performance, Genetic Progress, and Culling
Protocols

Motivation. Improved reproductive performance 
causing oversupply of replacements together 
with increased demand of beef crossbred (dairy 
x beef) calves prompts the use of sexed and beef 
semen, which now account for about 40% 
(~20% sexed semen + ~20% beef semen) of the 
dairy breedings in Wisconsin (AgSource, Dairy, 
Wisconsin, Madison, WI). A logical strategy of 
breeding superior animals to sexed semen, while 
using beef semen on inferior animals, increases 
genetic progress because of intense selection and 
avoidance of inferior replacements (Ettema et 
al., 2017) in addition to greatly reducing 
generation interval. The specific decision is 
challenging, however, because it needs to be 
combined with possible reproductive protocols, 
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genetic information, genomic testing, age and 
status of the cow, culling protocols, among other 
factors. At the moment, for example, it is 
unknown which general option would be best for 
a particular farm: (1) use conventional semen, 
produce more than required replacement heifer 
calves, and select to keep only the best required 
replacements via a genomic test; (2) use a 
combination of sexed and beef semen; or (3) use 
sexed, beef, and conventional semen and 
combine those with some level of a genomic test 
to select best heifer calves to keep. More 
specifically, it is currently completely beyond 
farmers to determine which animals to enroll in 
which reproduction protocol, which animals to 
breed with which semen type, which animals are 
genomically tested with which test, and/or which 
animals select out of the herd and when, even 
though they might have all the information 

required to answer those questions. Our 
envisioned prescriptive model would require 
heavily integrated data from at least 
genetics/genomics, herd management, feed 
management, reproductive events, herd health, 
and culling policies. 
The Vision. We plan to develop an interactive, 
dynamic, and highly integrated decision support 
tool to optimize decisions of breeding, genetic 
selection, and culling policies for maximum 
profitability and sustainability. Stochastic 
lifecycle of individual animals will be simulated 
according to herd traits. Then, different 
management strategies will be imposed and 
compared. This would provide a predictive 
structure for anticipating long-term results to 
interventions. An example of possible outcomes 
related to genetic progress is shown in Figure 3.

-150

350

850

1350

1850

2350

2850

1 32 60 91 121 152 182 213 244 274

N
M

$

Month

COW
HEIFER

A

B

C

A B

C



The Dairy Cattle Reproduction Council does not support one product over another. 
Any mention herein is meant as an example, not an endorsement. 

2020 Dairy Cattle Reproduction Council Conference (virtual) 46 

Figure 3. Lifetime net merit (NM$) progress for heifers and cows for different breeding protocols starting 
in May 2020 (month 1) for different management strategies: (A) using sexed semen and beef semen and 
culling any extra female calves; (B) using conventional semen and culling any extra female calves; and 
(C) using conventional semen and culling any extra springers. (Li and Cabrera, Unpublished data).

We are interested, however, in providing a 
prescriptive framework to aid in the decision-
making. This would entail machine learning 
techniques and optimization to suggest the best 
course of action and adjust it as performance 
outcomes are analyzed. An example of 
prescriptive recommendation would be to use 
sexed semen in heifers for the first three 
inseminations; in first lactation cows at first 
breeding, and all other top 20% genetics adult 
cows. Then, use conventional semen in the 
remaining heifers and first lactation cows, and 
beef semen in the remaining breeding-eligible 
cows. 

This breeding protocol would result in 
approximately 20% more than the required 
number of replacements produced on farm. 
Therefore, the need to select this proportion of 
calves from the young stock herd right after 
birth. The next recommendation could be to rank 
all newborn female calves by their parents’ 
genetic average and apply a genomic test on the 
middle 30% of animals, which will be used to 
re-rank calves and select the bottom 20% that 
will be sold. The integrated algorithm would 
assure this multi-step decision-making protocol 
will guarantee maximum profitability and best 
genetic progress at one specific time but always 
look towards the long-term horizon. The model 
and decision support tool would be connected to 
the farm data not only to use historical 
performance and to project possible future 
performance, but also to adjust, calibrate, and 
“learn” from the outcomes on the farm in a 
seamless connected ecosystem system of data 
and applications. 
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TAKE HOME MESSAGES 
• Digital technologies are not the future, but the present of the dairy industry. Their penetration in dairy

herds will increase as data generated produce actionable interventions that increase efficiency.
• Detection of estrus is the most studied and obvious application of such technologies.
• Whether automated systems can improve reproductive performance depends on the herd's current

reproductive performance and the herd's reproductive management philosophy (heavy use of
exogenous hormones vs. heavy reliance on insemination in estrus).

• In herds with intense health-screening strategies, adding automated devices to the health-screening
program may not improve survival, reproduction, and production.

• Integration of data generated by automated systems and data already available on-farm is a
formidable avenue through which it would be possible to tailor reproductive management and
therapeutic interventions according to the cows' needs.

INTRODUCTION 
Potential application of automated devices that 
track changes in physical activity associated 
with estrus for management of reproduction in 
cattle was first reported in the 1970’s (Kiddy, 
1977). Automated monitoring has become a 
reality in today’s dairy industry. Somatic cell 
count, body weight, locomotion score, body 
condition score, beta-hydroxybutyrate 
concentration (in milk), feed intake, feeding 
time, rumination time, lying time and 
temperature (skin, vagina, or rumen), among 
other responses, can be measured real-time. This 
information will likely revolutionize dairy 
management, as long as it can be translated into 
clear language that allows for prompt, proactive 
measures to solve challenges or make decisions. 
The most obvious and optimized use of such 
technologies is for the identification of cows in 
estrus. Limitations to the use of these data for 
prediction of health disorders and management 
deficiencies, however, include the lack of clear 
understanding of the meaning of certain changes 
for these responses as well as what to do when 
alterations are detected. In this presentation, a 
few of the research studies that have used these 
digital technologies in the management of 
reproduction and peripartum period will be 

discussed. This is not an all-encompassing 
review of this fast-changing subject. 

REPRODUCTIVE MANAGEMENT 
Reproductive performance is a key component 
of economic success in dairy herds as it impacts 
average milk yield, income over feed cost, and 
culling decisions (Giordano et al., 2012; Galvão 
et al., 2013). According to census data compiled 
by the U.S. Department of Agriculture, 71 and 
53% of surveyed dairy operations use estrous 
detection for first and subsequent services, 
respectively (USDA, 2016). Despite the 
substantial advancement observed in the past 
two decades of programs for synchronization of 
ovulation and timed AI, refining efforts to detect 
estrus remains a major priority for dairy 
operations. Financial analyses using stochastic 
dynamic Monte-Carlo simulation models 
indicated that improving estrus-detection 
efficiency from 40 to 60% and accuracy from 85 
to 95% increased profit per cow by US$ 83/year 
to $94/year when milk prices ranged from US$ 
0.33 and 0.44/kg (Galvão et al., 2013). 
Furthermore, improving estrus-detection 
efficiency and accuracy increases the 
profitability in dairy herds in which ovulation 
synchronization and timed AI are used 
(Giordano et al., 2012). Developing strategies to 
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enhance estrus-detection programs becomes 
exceedingly important given its widespread 
utilization. 

Currently available automated-monitoring 
devices (AMD) monitor changes in activity and 
rumination patterns, among other behaviors, 
compared with the individual’s baseline values 
in order to estimate the onset of estrus and 
determine the ideal time for insemination 
(Fricke et al., 2014a). Automated estrus-
detection systems have become more accessible 
to dairy producers, but penetration in U.S. dairy 
herds remains less than 10% (Denis-Robichaud 
et al., 2016; USDA, 2016). Expected changes in 
reproductive performance and profitability 
following implementation of AMD are highly 
dependent on herd’s current performance. 
Therefore, it is critical to compare fertility 
outcomes in cows managed with specific AMD 
with that of cows managed with timed AI 
programs, detecting estrus based on mounting 
devices (i.e., tail paint or chalk and estrus-
detection patches), and different combinations of 
these methods. 

Several experiments have compared 
reproductive management using AMD versus 
strict fixed time AI for first service. By design, 
the rate of first insemination is faster for cows 
subjected to insemination at detected estrus with 
AMD, but by a predetermined days in milk, all 
cows are inseminated as is expected when fixed 
time AI protocols are implemented (Denis-
Robichaud et al., 2018; Fricke et al., 2014b; 
Stevenson et al., 2014). As for the effect of 
AMD on pregnancy outcomes, some reports 
suggest that management of first service with 
AMD improve hazard of pregnancy (Stevenson 
et al., 2014), others have detected no differences 
(Fricke et al., 2014b). Denis-Robichaud et al. 
(2018), in fact, detected an interaction between 
herd and reproductive protocol, suggesting that 
in herds with optimum compliance with 
scheduled treatment injections, use of 100% 
fixed time AI for first service may be 
advantageous.  

Marques et al. (2020) evaluated the effect of 
adding information of an AMD device to the 
reproductive management of lactating dairy 

cows, compared with detection of estrus by 
visual means or Estrotect tail patches (Rockway 
Inc., Spring Valley, WI) and timed AI. Use of 
AMD only marginally increased the hazard of 
first and second services. Michaelis et al. (2014) 
demonstrated that in a commercial German herd, 
the rate of estrus detection during the first 21 
days after the end of voluntary waiting period 
was not different between AMD and visual 
observation, but AMD increased estrus-detection 
rates in the first 42 and 63 days after the end of 
the voluntary waiting period. Improvements in 
efficiency of detection of estrus when using 
AMD are largely dependent on the herd’s 
efficiency of detection of estrus without the 
AMD. Thus, one must consider the current 
hazard of services in each specific herd before 
deciding to adopt such systems. 

Use of AMD increased the risk of pregnancy to 
first service in cows with above median milk 
yield, but not in cows with below median milk 
yield, and increased the risk of pregnancy to 
second service regardless of milk yield 
(Marques et al., 2020). Improvements in 
pregnancy to first and second services were 
likely a consequence of improvements in the 
accuracy of detected estrus and timely 
insemination resulting in better synchrony 
between insemination and ovulation. In research 
conditions in which automated mounting devices 
(Valenza et al., 2012) or temporal progesterone 
changes (Nelson et al., 2017) were used as the 
gold standard for characterization of estrus, the 
AMD resulted in test characteristics (sensitivity, 
specificity, predicted value positive, predicted 
value negative) ≥ 85%. Furthermore, Nelson et 
al. (2017) demonstrated that AMD were more 
precise at determining ovulation, diagnosed by 
ultrasonography, than a complex visual estrus-
detection scoring system. Thus, in situations in 
which accuracy and timing of insemination 
based on visual detection of estrus are 
inappropriate, addition of AMD may prove 
beneficial to pregnancy per service.  

Surprisingly, the positive effects of AMD on 
pregnancy risk reported by Marques et al. (2020) 
were observed in cows receiving AI and embryo 
transfer (ET). In fact, the magnitude of 
improvement in pregnancy per service with the 
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AMD [(AMD - control)/control] was greater for 
cows receiving ET (first service = 51.4%, 
second service = 34.5%) than cows receiving AI 
(first service = 16.7%, second service = 18.2%). 
Ferraz et al. (2016) demonstrated that 
asynchrony of the estrous cycle and embryo 
development was negatively associated with 
pregnancy per ET. Recipients receiving embryos 
on days 6 and 9 of the estrus-cycle had 10% 
lower pregnancy per ET than recipients 
receiving embryos on days 7 and 8 (Ferraz et al., 
2016). Thus, the authors speculated that the 
improved estrus-detection accuracy resulting 
from the use of AMD may have improved the 
synchrony of the estrous cycle of recipients and 
the stage of development of embryos, which 
may have led to greater improvements in 
pregnancy per service. 

An area that has been minimally explored thus 
far is how data from AMD may be used to 
predict reproductive outcomes and the 
appropriate reproductive management according 
to a cow’s needs. We recently determined that 
characteristics of estrus detected ≤ 41 days in 
milk is associated with the hazard of pregnancy. 
Cows with low rumination nadir at estrus 
recorded ≤ 41 days in milk had median interval 
from calving to pregnancy of 109 days, whereas 
those with high rumination nadir at estrus 
recorded ≤ 41 days in milk had median interval 
from calving to pregnancy of 130 days. 
Similarly, cows with high heat index at estrus 
recorded ≤ 41 days in milk had median interval 
from calving to pregnancy of 112 days, whereas 
those with high heat index at estrus recorded ≤ 
days in milk had median interval from calving to 
pregnancy of 133 days. If this is repeatable in 
other herds, it may be possible to use this 
information to determine to which reproductive 
management program cows should be assigned 
according to their needs. 

POSTPARTUM COW MONITORING 
Major leaps in our understanding of peripartum 
cow health and management were made during 
the past 30 years. Despite a large body of 
research investigating management and 
nutritional strategies to improve the health and 
performance of peripartum cows, the morbidity 
during the postpartum period in U.S. dairy herds 

is approximately 45% and the risk of pregnancy 
to first postpartum service is less than 40% 
(Pinedo et al., 2020). The transition from the 
non-lactating, pregnant state to the lactating state 
is marked by several hormonal, metabolic, and 
behavioral changes. To address these changes 
and prepare the cow for the new lactation, 
different diets are fed from dry off to 
approximately 21 days before calving, and from 
21 days before expected calving through to 
calving (Drackley, 1999; Grummer, 1995). The 
goals of transition cow management and health-
screening programs of postpartum cows are to 
reduce morbidity, expedite the diagnosis and 
treatment of health disorders, reduce the 
percentage of cows that leave the herd (dead or 
sold) by 60 days in milk, maximize peak milk 
yield, and prepare the cow to establish 
pregnancy to the first service. 

Postpartum health-screening programs vary and 
depend on farm size, facilities, personnel, and 
individual cows’ data available (Espadamala et 
al., 2016). Larger herds generally have fewer 
workers per cow (Reed, 2000); thus, efficient 
systems to monitor transition cows are 
imperative. During the last weeks of gestation, 
dry matter intake decreases progressively to a 
nadir on the day of calving (Perez-Báez et al., 
2019), which is reflected by reduced rumination 
time on the days preceding calving followed by 
a steep increase in rumination in healthy cows 
(Liboreiro et al., 2015). Several researchers have 
demonstrated that peripartum health disorders 
are negatively associated with rumination time 
postpartum (Calamari et al., 2014; Liboreiro et 
al., 2015; Soriani et al., 2012; Stangaferro et al., 
2016a,b,c). Among the diseases associated with 
reduced rumination time were sub-clinical 
hypocalcemia and ketosis, retained fetal 
membranes, metritis, displaced abomasum, 
indigestion, and even some cases of mastitis. In 
a series of publications, Stangaferro et al. 
(2016a,b,c) demonstrated that AMD result in 
high sensitivity for the diagnosis of metabolic 
and digestive disorders and severe cases of 
metritis and mastitis. It is imperative to 
understand that, to date, automated systems 
produce alerts for cows that likely have health 
disorders but these alerts are not pathognomonic 
(not specific to any disease). Thus, once an 
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automated device generates an alert, the cow in 
question must be examined by an experienced 
veterinarian or herdsperson for the proper 
diagnosis of the disease.  

Silva et al. (2020) evaluated whether by adding 
the information generated by an AMD to a 
health-screening protocol of postpartum cows it 
would be possible to improve their survival and 
reproductive and productive performances. In 
this experiment, all cows were fitted with AMD, 
were monitored according to daily milk yield, 
and were examined at 3, 6, and 9 days in milk 
for the diagnosis of postpartum disorders. Only 
one group of cows, however, was also examined 
when the AMD generated an alert. In this 
experiment, adding the information of the AMD 
to the monitoring of postpartum cows did not 
improve survival and milk yield, but 
surprisingly, it reduced the risk of pregnancy by 
150 days in milk. The negative effect of the 
AMD alerts on the risk of pregnancy by 150 
days in milk is likely a spurious finding because 
the two treatments did not differ regarding the 
incidence of sub-clinical and clinical diseases. 
Contrary to what had been hypothesized, by 
adding the AMD alert to the screening program, 
the interval from the first AMD alert to the 
diagnosis of disease was not reduced (Silva et 
al., 2020). Among cows not diagnosed with 
clinical disease, those for which AMD alerts 
were used were more likely to receive 
supportive therapy (oral and intra-venous fluids, 
transfer of rumen fluid from a healthy cow to a 
sick cow, vitamin B complex, etc.). The authors 
concluded that in herds that have intense 
postpartum health-screening strategies, the 
addition of AMD alerts may not prove beneficial 
to the performance of the cows. Furthermore, the 
authors identified that an area that should be 
investigated further is what to do with cows that 
have AMD alerts but do not present sub-clinical 
and clinical signs of disease. 

Stangaferro et al. (2016a,c) demonstrated that 
the intensity of alterations in the pattern of 
rumination and activity may be an indicative of 
the severity of the disease. Alterations in the 
patterns of rumination around the diagnosis of 
disease were associated with significant milk 
losses compared with cows not diagnosed with 

diseases, whereas no differences in milk yield 
were observed between cows with no clinical 
diseases and cows with clinical disease and no 
alteration in rumination (Stangaferro et al., 
2016a,c). Furthermore, among cows diagnosed 
with metritis, those with severely altered 
patterns of rumination and activity had greater 
haptoglobin concentration and were more likely 
to be classified as do not breed or were sold by 
60 days in milk than those with minor alterations 
in the patterns of rumination and activity 
(Stangaferro et al., 2016c). Similarly, Silva et al. 
(2020) demonstrated that the absence of AMD 
alert at the diagnosis of clinical diseases was 
associated with performance similar to that of 
cows not diagnosed with clinical diseases. It is 
important to note that in these experiments, 
cows diagnosed with clinical disease, with or 
without AMD alerts, were treated according to 
the dairies’ standard operation procedures. Thus, 
it is not possible to affirm that cows diagnosed 
with clinical diseases without AMD alerts do not 
need treatment or would perform as well as 
healthy cows if left untreated. This is, however, 
an exciting area of research because it could lead 
to more judicious use of anti-microbials and 
anti-inflammatory drugs, based on the cow’s 
needs. 

CONCLUSIONS 
The plethora of data generated by digital 
technologies available to dairy producers is 
exciting, and to a certain extent, intimidating. 
For these systems to be used to their maximum 
potential, the data must be processed and 
generate information that is easy to understand 
and provide options to resolve the issue at hand. 
Unquestionably, the best understood use of these 
technologies is for the detection of estrus, but to 
limit their applicability to alert for cows that 
only need artificial insemination seems wasteful. 
Integration of AMD-generated data with cow 
data commonly recorded on the farm, 
environmental data, and diet information, it is 
possible to foresee situations in which we will 
be able to tailor the management of cows 
according to their needs. 
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THE FUTURE OF DHI AND DIAGNOSTIC SERVICES 
IN MODERN DAIRY MANAGEMENT 

Kelly R. B. Sporer, CentralStar Cooperative, Inc. 
1163 Comet Lane, Grand Ledge, Michigan, 48837 

kelly.sporer@mycentralstar.com 

TAKE HOME MESSAGES 
• The Dairy Herd Improvement (DHI) organization has presented countless opportunities to bring

added value to today’s dairy producer beyond milk components for more than a century.
• Research and development of applications for DHI sample analysis and data generation is ongoing in

the areas of pregnancy and reproduction, milk quality and mastitis, infectious diseases such as bovine
leukosis, and many others.

• The DHI organization will need to continue to adapt in the future to address concerns of biosecurity,
animal welfare, and the environmental impact of modern dairy production.

INTRODUCTION 
The organization that is known today as Dairy 
Herd Improvement (DHI) originated in 
Newaygo County, Michigan, United States of 
America in September 1905.  The goal of the 
organization was to bring added value and 
information to dairy producers to aid in 
management decisions, thereby improving the 
quality of their product, enhancing genetic 
selection, and increasing their profitability. Data 
from 2014 through 2018 demonstrate that herds 
enrolled in regular DHI testing produced an 
average of 1,355 pounds more milk per cow than 
the average of the entire U.S. dairy cattle 
population (CDCB-National DHIA report; 
USDA NASS).  Currently, 15 members serving 
different geographic regions around the U.S. 
comprise the National Dairy Herd Improvement 
Association. In 2019, there were 4,125,003 cows 
representing 12,324 herds enrolled in DHI with 
an average herd size of 244 cows. 

In the late 1990’s, applied research demonstrated 
that this milk sampling and analysis platform 
could provide supplemental diagnostic 
information to dairy producers. With the 
initiation of a Johne’s Disease Control Program 
by the United States Department of Agriculture 
(USDA), AntelBio, a subsidiary of CentralStar 
Cooperative, began commercial sales of DHI 
milk-based diagnostics in the fall of 2001. 
Diagnostic services were expanded to include 
tests for bovine leukosis, bovine viral diarrhea 
(BVD), neospora, pregnancy, and mastitis in 
subsequent years.  Nearly 20 years later, the 

DHI milk sample has proven to be a robust and 
cost-effective diagnostic matrix enabling 
healthier herds and more profitable dairies. 

CURRENT DIAGNOSTIC SERVICES 
AND ONGOING RESEARCH 

Pregnancy and Reproduction 
Pregnancy-associated glycoproteins (PAG) are 
produced by the placenta and reliably found in 
milk at 24 days post-conception, making PAG 
an ideal target for pregnancy detection through 
the DHI milk platform.  The milk pregnancy test 
(IDEXX, Westbrook, ME) is >98% accurate 
(>99% sensitivity; 97.4% specificity); results are 
reported as: Pregnant, Open, or Recheck and are 
available within 24 hours after receipt of 
samples.  Good candidates for milk PAG testing 
meet the following criteria:  regularly scheduled 
DHI tests, timed artificial insemination (AI) 
programs, milking parlors with low risk of 
carryover contamination, and good animal 
identification. Milk PAG testing can easily fit 
into a herd’s reproductive program in 
conjunction with DHI testing using dairy 
management software (Figure 1). Pregnancy 
confirmation at key times (P1: 28 to 40 days 
since insemination; P2: 55 to 75 days; P3: 90 to 
120 days; and P4: 200 to 220 days) can aid in 
management decisions whether to rebreed while 
remaining profitable to do so. 

As reproductive technologies and estrus-
synchronization protocols have become 
commonplace in commercial dairy operations, 
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early pregnancy detection is economically 
important.  Early embryonic mortality occurs 
before 28 days of gestation and is responsible 
for 20 to 40% of pregnancy failure; late 
embryonic mortality (LEM) occurs between 28 
and 45 days and is responsible for < 10% 
pregnancy failure (Reese et al., 2016). Late 
embryonic mortality, however, results in greater 
economic losses and disruption of optimal 
breeding intervals. Previous research has 
investigated PAG in combination with 
expression of a class of biomarkers known as 
microRNAs (miRNAs) as indicators of early 
embryonic mortality (Pohler et al., 2018). Our 

group, in collaboration with Select Sires, Inc. 
(Plain City, OH), investigated miRNA targets 
from cows that remained pregnant through P2, 
remained open through P2, experienced LEM 
(pregnant at P1 and open at P2), or were in the 
process of aborting at P2, represented in Figure 
2. With the objective of developing a milk-based
diagnostic assay predictive of LEM, miRNAs
from hand-stripped milk samples were
sequenced from each cohort (n = 3) to identify
phenotype-specific, discriminatory miRNA
targets. Validation of candidate LEM targets is
underway.

Figure 1. (right) Illustration of milk PAG 
testing programs for a herd with a 28-day 
DHI testing interval.  Specialists can 
create a list of cows to be PAG-tested 
using the herd’s dairy management 
software.  

Figure 2. (below) Schematic representing 
the 3 planned cohorts of cows from which 
miRNAs were sequenced and 
investigated. The blue circle represents 
cows that maintained their pregnancy; the 
orange circle represents cows that 
remained open; the green circle represents 
cows that experienced a late embryonic 
mortality: pregnant at P1 but open at P2. 
Additionally, cows with a nonviable fetus at 
P2 were identified as “Aborting cows.”  The 
bar graph represents the number of individual 
miRNAs that were differentially expressed in 
milk between each comparison. 
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Somatic Cell Count and Mastitis PCR 
Somatic cell count (SCC) is a well-established 
indicator of mammary health as well as milk 
quality.  This indicator can be effective on a 
herd level when trends can be followed over 
time (Schukken et al., 2003).  In 2018, 
CentralStar collaborated with Dr. Ron Erskine, 
Michigan State University, to develop a new 
report entitled “SCC View” to give producers 
added value beyond their monthly DHI “hot 
sheet” or bulk tank SCC.  The SCC View 
(Figure 3) was designed to provide a more in-

depth analysis by calculating a herd’s cures, 
chronic infections, new infections, and fresh 
infections over time. All of these areas are also 
further broken down by lactation and days in 
milk.  Values are then compared with goals 
based on industry standards and Quality Milk 
Alliance recommendations but can be 
customized to match the herd’s specific 
management objectives.  Progress can be 
monitored over time, and opportunities for 
improvement can be identified. 

Figure 3. Example of an SCC View report for a 2,500-cow herd in Michigan from July 2020.  This herd 
is meeting goals for uninfected vs. infected cows, new infections, and chronic infections.  Red-highlighted 
boxes show slight room for improvement in 1first lactation fresh infections, new infections through the 
dry period, and dry period cures in July. When monitoring these areas during the last year, however, this 
herd is consistently meeting SCC goals.   

Traditional diagnosis of intramammary infection 
(IMI) utilizes bacteriological culture of hand-
stripped milk from potentially infected quarters; 

however, preserved milk from DHI test days 
cannot be cultured.  Our organization wanted to 
offer testing options to help producers monitor 
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mastitis as part of the monthly DHI testing 
structure, supplementary to SCC data. Detection 
of mastitis pathogens by polymerase chain 
reaction (PCR) is an effective method for doing 
so.   

In one case study, herd D approached 
CentralStar with unacceptably high bulk tank 
SCC in late summer of 2019.  The herd was 
enrolled in the SCC View as well as started on a 
mastitis PCR testing regimen.  The herd’s initial 
SCC View identified first lactation fresh 
infections as well as new infections throughout 
the dry period as areas for concern.  Pooled 
preserved milk samples from a combination of 
high SCC and fresh cows were evaluated by 
VetMAX MastiType Multi PCR (Thermo 
Fisher, Austin, TX), which can accurately 
detects 15 pathogens that cause the majority of 
clinical mastitis cases as well as an indicator of 
pathogens resistant to beta-lactam antibiotics.  
Results indicated numerous environmental 
pathogens that pointed to bedding management, 
especially in the maternity pen.  Consultations 
with the producer during 1 year of monthly 
monitoring the SCC View and mastitis PCR 
results reevaluated bedding management, parlor 
procedures, and decision making of problem 
cows.  From August 2019 to July 2020, the herd 
has successfully decreased its bulk tank SCC 
from 435,000 to 237,000 (54% reduction).   

Another method for monitoring udder health 
through routine DHI testing that complements 
SCC analysis is by evaluating differential 
somatic cell counts.  Typical flow cytometric 
analyses that “count” SCC cannot differentiate 
between distinct types of somatic cells. 
Advanced technology, however, such as that 
offered by Foss (Hilleroed, Denmark), is able to 
separate the somatic cell types neutrophils and 
lymphocytes from mammary macrophages. The 
differential SCC is then expressed as a 
percentage of the former two cell types of total 
somatic cells (Damm et al., 2017; Schwarz et al., 
2020).  Schwarz et al. found that a high 
differential SCC was highly correlated with IMI 
status as well as the presence of several minor 

mastitis-causing pathogens, especially 
environmental Staphylococcus species. 

Bovine Leukemia Virus 
The majority of CentralStar’s recent research 
and development has focused on developing 
evidence-based management practices for 
reducing prevalence of bovine leukemia virus 
(BLV), which has been an ongoing collaboration 
with researchers at Michigan State University. It 
is well-established that BLV infection is highly 
prevalent in U.S. dairy cattle (LaDronka et al., 
2018) and has significant effects on cow 
production (Erskine et al., 2012a; Norby et al., 
2016), longevity (Erskine et al., 2012a; Bartlett 
et al., 2013), and immune function (Erskine et 
al., 2011; Frie et al., 2016, 2017), making cows 
potentially susceptible to other infectious 
diseases.  It was first necessary to develop a 
rapid and cost-effective testing strategy for dairy 
producers to determine the extent of BLV 
infection in their herds.  CentralStar and 
Michigan State University established a herd 
profile whereby producers could obtain an 
accurate estimate of their herd prevalence by 
testing milk samples from the 10 freshest cows 
from lactations 1, 2, 3, and 4+ that were 
collected by DHI specialists (Figure 4).  This 
profile, using milk, was highly correlated with 
whole herd BLV enzyme-linked immunosorbent 
assay (ELISA) or antibody-based tests in herds 
ranging from 113 to approximately 6,500 cows 
(Erskine et al., 2012b). In addition, participating 
herds were able to monitor their herd profile 
during several years to determine if any changes 
in management were effective. 

As BLV awareness grew and an increasing 
number of herds showed interest in decreasing 
their herd prevalence, it became necessary to 
investigate more effective methods for 
addressing the issue.  If the average herd in 
Michigan had a 33% prevalence, it was simply 
not feasible to cull every BLV seropositive cow 
in the herd.  Research from Japan yielded a new 
method that could not only reveal if a cow was 
positive or negative, but also give additional 
information on her infection potential using a 
BLV-specific PCR assay (Jimba et al., 2012).  A 
cow’s severity of infection is highly associated 
with proviral load (PVL), which can be defined 
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as the number of copies of BLV provirus per 
unit of sample (usually blood).  The idea of the 
“super-shedder” came to light when it was 
observed that some cows displayed PVL several 
orders of magnitude greater than their 
herdmates, and that these cows were likely 
responsible for the majority of the viral shedding 
in the herd.  Therefore, in 2015, Michigan State 
University initiated a pioneer field trial to track 

three herds over time, performing a whole-herd 
milk ELISA test every 6 months using DHI 
samples, following up with a PCR on 
seropositive animals to determine PVL, then 
removing or segregating the cows with the 
greatest PVL.  This strategy proved effective in 
significantly decreasing the prevalence in all 
three herds (Ruggiero et al., 2019), as shown in 
Figure 5. 

Figure 4.  Example of BLV herd 
profile.  The DHI milk sample from 40 
cows: the 10 freshest cows from 
lactations 1, 2, 3, and 4+ were tested by 
BLV ELISA.  These results were 
compared with Michigan 2010 
prevalence averages.  In this way, 
producers can focus management 
decisions on relevant populations of 
cows and investigate likely routes of 
transmission. 

Figure 5.  Three herds 
enrolled in a longitudinal 
field trial were tested 
biannually milk BLV ELISA 
using DHI samples, followed 
by PCR to determine the 
cows with the greatest PVL.  
These cows were segregated 
or removed from the herd. 
All three herds realized a 
significant reduction in BLV 
prevalence 
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This field trial was expanded to 7 herds in 2018 
and is on-going.  As part of this trial, CentralStar 
developed its own PVL PCR assay (the SS1 
assay) to offer a rapid and cost-effective 
commercial test to our producers (Sporer, 2020). 
Further investigation into the distribution of 
provirus across BLV-positive cows in the herd, 
combined with the need to show producers more 
effectively how to take action, led to the 
development of a custom BLV whole-herd 

distribution for each research herd (Figure 6).  In 
combination with herd profiles, it became 
obvious that incoming heifers were a reservoir 
for new infections in several herds.  Two herds 
with overall herd prevalence of 37% and 57% 
had 28% and 30%, respectively, of incoming 
heifers already seropositive.  Further 
investigation into the dynamics and incidence of 
BLV transmission in young stock is ongoing.

Figure 6.  Whole herd BLV distribution for Herd S (1,100-cow Michigan herd) with a 28% prevalence of 
BLV.  Herd owners, managers, veterinarians, and consultants can understand that 28 cows (the first 2 
vertical bars from the left) are responsible for almost half of the BLV shedding in the whole herd. Fifty-
nine cows (farthest right vertical bar) were ELISA-positive but with no detectable provirus. 

Throughout our current BLV field trials, we 
have identified an interesting cohort of 
seropositive cows that have been exposed to the 
virus and mounted a sustained antibody response 
but did not harbor the provirus at detectible 
levels when tested by PCR.  We hypothesized 
that these cows may harbor a genetic resistance 
or resilience to BLV.  Bovine leukocyte antigen 
(BoLA) is the major histocompatibility complex 
in cattle; the class II region is responsible for 
antigen presentation and CD4+ T cell activation, 
which represent critical steps in an adaptive 

immune response.  Substantial evidence has 
demonstrated that BoLA class II haplotypes, 
specifically DRB3 alleles, associate with BLV 
PVL (Juliarena et al., 2008; Takeshima et al., 
2019).  Next-generation sequence-based typing 
of BoLA-DRB3 alleles from genomic DNA 
from cows that are seropositive or high-PVL and 
seropositive or undetected-PVL is underway to 
determine if specific alleles confer resistance or 
resilience to BLV. 
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FUTURE AND IMPLICATIONS 
Biosecurity and Spread of Infectious Disease 
Others have documented the changing face of 
our dairy industry as the number of herds 
continues to decrease, while the average number 
of cows per herd increases (Capper et al., 2009; 
Halladay, 2018). Our cooperative has made 
similar observations through 2019 (Figure 7).  
Likewise, biosecurity has become of increasing 
concern.  Expansion by purchasing cows and 
heifers as well as the practice of outsourcing 
heifer growing has continued to open herds up to 
infectious disease. In a survey of 18 Iowa and 
Wisconsin dairy herds, all owners and managers 

indicated that biosecurity had been compromised 
as a result of expansion (Faust et al., 2001). 
Results showed that 58.8% of herds obtained 
cattle from unknown sources such as a sale barn 
or dealer without knowing genetic or health 
history; only 47.1% quarantined newly 
introduced cattle. Our cooperative has developed 
numerous custom testing strategies for producers 
battling outbreaks of BVD and Mycoplasma 
bovis. These two infectious pathogens are 
transmitted during compromise of biosecurity 
and can be controlled by DHI testing in 
coordination with veterinary care and 
management changes. 

Figure 7.  Representation of CentralStar dairy herds enrolled in the DHI program in 2019.  (A) 
Represents the number of herds by herd size with 63% having fewer than 200 cows of a total of 1,432 
herds on test.  (B) Represents the number of cows by herd size with 55% in herds of more than 1,000 
cows of a total of 559,783 cows on test.  

Bovine Viral Diarrhea. Transmission of BVD is 
mainly by contact with a viremic persistently 
infected (PI) animal, which results from in utero 
infection by a transiently or persistently infected 
dam.  Clinical effects include: severe diarrhea 
and respiratory symptoms in calves, decreased 
fertility and reproductive dysfunction, and 
overall decreased performance in adult cattle 
(Larson et al., 2004; Khodakaram-Tafti and 
Farjanikish, 2017).  The main goal of diagnostic 
testing is the identification of PI animals by 

detection of target antigen in milk, serum, whole 
blood, or tissue.  Pooled DHI milk samples (up 
to 240:1) can consistently identify PI cows, 
making a cost-effective testing strategy for the 
producer.  In addition to testing the milking 
herd, establishing a well-designed calf screening 
program by pooling tissue samples (ear notches) 
is crucial to find PI calves as soon as possible 
and remove them from the herd. 
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Mycoplasma. Mycoplasma species, the most 
prevalent of which is Mycoplasma bovis, are 
recognized as contagious mastitis pathogens and 
are of growing concern in the U.S. Contagious 
mastitis pathogens such as Mycoplasma are 
transmitted mostly at milking time from the 
udder of an infected cow via fomites, hands of a 
milking technician, milking unit liners, or udder 
wash cloths (Fox, 2012).  Mycoplasma can also 
be transmitted via nose-to-nose contact.  In 
2008, Mycoplasma was cultured from cows of 
3.2% of U.S. herds and 14.4% of large herds 
(500+ cows). By 2014, this had increased to 
8.7% and 25.2%, respectively (USDA APHIS, 
2008; USDA NAHMS, 2014), exhibiting a 
growing trend that coincides with the changing 
face of dairying today.  Our cooperative has 
observed this same trend in our herds battling 
Mycoplasma outbreaks and has developed 
custom testing strategies using DHI milk. 

Environmental Concerns, Animal Welfare, 
and Consumer Demands 
It has been suggested that dairy production’s 
effects on air quality and climate change can be 
mitigated by production efficiency (Capper et 
al., 2009; Place and Mitloehner, 2010).  
Examples of strategies include: producing more 
units of milk per cow; increasing cow longevity 
and the time that cows remain in peak milk; 
decreasing the number of heifer replacements 
needed; increasing cow feed efficiency; and 
optimizing cow health and reproduction.  The 
data collected and analyzed by DHI 
organizations can address all of these areas; 
however, the challenge is to create customizable 
and usable reports for our customers to make 
direct management changes and identify the 
opportunities to be most profitable while leaving 
the smallest carbon footprint possible. 
Numerous investigations are ongoing into the 
use of Fourier-transform infrared spectroscopy 
in the DHI milk platform to assess and predict 
the metabolic and physiological state of the cow.  
This method uses infrared light to scan a milk 
sample and determine the presence of specific 
bonds. It has been utilized to predict enteric 
methane emissions (Bittante and Cipolat-Gotet, 
2018; van Gastelen et al., 2018), milk fat and 
protein in association with de novo milk fatty 
acids (Barbano et al., 2014), and feed efficiency 

and energy balance (McParland and Berry, 
2016).  Opportunities exist to provide more 
widely this technology and usable reports to 
dairy producers. 

As consumers continue to demand convenient, 
traceable, safe, and high-quality food from 
trusted sources, our industry as a whole must be 
prepared to address their reasonable concerns.  
Again, DHI organizations are well-positioned to 
address these concerns with our access to 
samples and data as well as our unique role as 
consultants with our customers.  

In summary, our cooperative and other DHI 
organizations have long offered added value for 
dairy producers and must continue to collaborate 
with partners and adapt to an ever-changing 
industry to ensure the future success of dairy 
production to provide safe and quality products 
for the consumer. 
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COMMUNICATING FOR CHANGE: 
UNDERSTANDING MINDSET AND MOTIVATION 
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TAKE HOME MESSAGES 

• Advisors often assume that the best way to influence someone is by simply educating them. We
assume that once we provide someone with information they will apply it in a rational way.

• An individual’s mindset (e.g., attitudes, beliefs, values, personality, preferences, and perceived ability
to perform a given task) is more influential over behavioral decisions. Mindsets are unique, self-
protective, shape their worldview, flawed, create blind spots, govern our actions, and (most
importantly) can be changed.

• Understanding farmer mindset, through discussion, and offering tailored messages and support will
be more likely to result in change.

• Some of the best ways to motivate farmers are through listening and open discussion, goal setting,
recognition, and peer learning. Motivational interviewing offers a framework for employing many of
these tactics to motivate on-farm change.

INTRODUCTION 
For decades, researchers have carefully studied 
cow and herd-level factors to optimize everything 
from production to reproduction, health, and 
welfare. This work has resulted in a considerable 
body of evidence that advisors can use to guide 
best practice, troubleshoot on-farm issues, and 
develop recommendations for changes in 
management. Despite a rich understanding of 
how to improve dairy cattle outcomes, however, 
we often observe a wide variety of management 
practices implemented across farms, and 
generally a mixed level of uptake of “best 
practices” by farmers. 

A common assumption to explain this mixed 
uptake is that farmers are simply unaware or 
uninformed about the science of what is 
recommended, and that this lack of awareness or 
understanding results in a lack of adoption of the 
behavior(s). A traditional response to this lack of 
adoption has been to develop programs and/or 
communicate information to educate farmer in an 
attempt to fill this “gap” in knowledge. Upon 
evaluation, however, many of these approaches 
fall short in terms of influencing on-farm change. 
This challenge often stems from the fact that we 
tend to fail to understand the most important 
animal on the farm – the farmer. Although 

knowledge is an important influencer of 
behavior, decades of research from socio-
psychology highlights that it is only one of a 
series of other factors. In fact, a person’s behavior 
is influenced by numerous personal factors (e.g., 
attitude, perception, knowledge, opinion, beliefs, 
and skills) and interpersonal factors (e.g., social 
referents, agricultural extension efforts, and 
industry outreach; Leeuwis and van den Ban, 
2004; Rehman et al., 2007; Pratt and Bowman, 
2008).  

Clearly, motivation and human behavior is 
complex. But so are all of the on-farm factors that 
we have come to understand, and by careful and 
deliberate investigation, we can understand how 
to influence them for the better. The key is to 
apply similar strategic approaches to understand 
our clients; it’s the herd health concept applied to 
the farmer. The objective of this paper is to 
present some of the factors influencing on-farm 
behavior, including key barriers and motivators, 
and review some of the strategies that dairy 
advisors can use to improve their influence with 
their farmer clients.  

mailto:sroche@acerconsult.ca
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WHAT’S MOTIVATING 
ON-FARM BEHAVIOR? 

As an advisor, you will appreciate that decision-
making across farms and by individual farmers is 
highly varied, and that these decisions are not 
solely governed by economics, external 
regulations and policies, or even rational 
judgment (Edwards-Jones, 2006; Noordhuizen et 
al., 2008b). Research indicates that many other 
socio-psychological factors corresponding to 
individual farmer traits (e.g., personality, 
attitudes, beliefs, intentions, values, skills, and 
knowledge) are more likely to govern behavioral 
decisions (van den Borne et al., 2014; Ritter et al., 
2017). External factors, such as input from social 
referents (e.g., herd veterinarians, colleagues, or 
family) and agricultural extension conduits (e.g., 
printed media or discussion groups) can also 
affect farmers’ management decisions (Roche et 
al., 2015; Ritter et al., 2015, 2017).  

A number of theoretical frameworks and tools 
have been developed to understand and influence 
decision-making and behavior on farm. Several 
have been extrapolated from human medicine and 
applied to agriculture, such as the Health Belief 
Model (Janz and Becker, 1984) or the Theory of 
Planned Behavior (Ajzen, 1991). These 
frameworks describe the process of how, based 
on a foundation of knowledge, a range of factors 
influence an individual’s attitude and perception 
of a particular behavior and their intention to 
perform that behavior. Three key factors that 
from which advisors will benefit include 
understanding pertaining to knowledge, mindset, 
and social referents. 

Knowledge 
An individual’s knowledge with respect to a 
given topic or issue, provides the foundation for 
his/her behaviors relating to that topic or issue. In 
fact, education and training has been shown to not 
only enhance farmers’ ability to make successful 
changes to their management practices, it also 
increases their willingness to do so (Kilpatric, 
2000). Studies looking at calf growth (Atkinson 
et al., 2017) and mastitis prevention (Jansen et al., 
2010b) indicate that when farmers are aware of 
problems on their farm they can be motivated to 
change management strategies. This change fits 
with the Health Belief Model that acknowledges 

that decisions about whether to take action 
regarding an illness depend on the level of 
perceived risk. Therefore, ensuring that farmers 
have sufficient technical knowledge about a 
given issue, understanding the extent and 
importance of the issue, is an important 
component to influence their behavior towards 
adoption of recommended on-farm management 
practices.  

In contrast, whether consciously or 
subconsciously, advisors often assume that the 
reason someone has not made a change is because 
they don’t recognize it is an issue, or he/she don’t 
know how to solve the problem. Advisors also 
quite often assume that once they arm them with 
this knowledge, farmers will be more likely to 
change their behavior. Assuming that increased 
knowledge alone will result in behavior change 
relies on the assumption that people make 
behavioral decisions purely based on logic and 
rational thinking (Petty and Cacioppo, 1986). 
McKenzie-Mohr and Smith (1999) describe a 
common phenomenon where there is a 
discrepancy between knowledge of a given 
practice and the actual level of implementation, 
suggesting that just because people (not just 
farmers) know what to do, does not mean they 
will do it.  

Numerous studies have investigated the impact of 
knowledge of disease and biosecurity measures 
on adoption of control practices and have 
concluded that although knowledge is certainly 
necessary, it is far from sufficient for behavior 
change (Kuiper et al., 2005; Lam et al., 2011; 
Garforth et al., 2013; Roche et al., 2015). For 
example, Kuiper et al. (2005) reported that a lack 
of general knowledge about mastitis among 
Dutch dairy farmers was not a key factor 
influencing the adoption of preventive practices. 
Rather, external triggers (e.g., sanctions, 
incentives), internal beliefs, and perceptions were 
the key factors influencing farmer behavior. 
Roche et al. (2015) similarly demonstrated that 
increased level of knowledge of best management 
practices for the control of Johne’s disease was 
not an underlying factor in influencing the 
adoption of veterinary recommendations, rather, 
a change in farmer attitude and peer influence 
was more motivating.  
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So, is knowledge the key barrier to adoption 
among your clients? Probably not. As a result, 
advisors are often providing information when it 
is not needed. Yes, knowledge of what to do and 
how to do it is important, but this only gets us so 
far. Providing information when it is not needed 
is likely to result in what psychologists have 
termed “reactance” or a resistance to your 
persuasion (Buller et al., 1998). In other words, 
they will perceive you as nagging, and are less 
likely to engage with you on the topic. This is an 
important principle to understand when 
managing people and trying to influence change. 
This principle is one that is often overlooked, and 
one with which agricultural extension specialists, 
researchers, and veterinarians have often 
struggled. In fact, the traditional assumption and 
teaching for these groups was that agriculture was 
an activity executed by an individual farmer, 
based primarily on rational, technical, and 
economic considerations (Leeuwis, 2004; 
Burton, 2004). But of course, we know that 
decisions are not solely made on these bases. We 
are too eager to provide recommendations and 
impart our knowledge and the science to our 
clients. There is a nice quote that rings true here, 
“you cannot reason someone out of something 
they were not reasoned into”. In other words, 
there is a lot more at play than just the facts. And 
think about it, is knowledge really the limiting 
factor for many of our everyday decisions on a 
farm? Not likely. It may well be a barrier in some 
cases, but more often than not, it is a combination 
of other factors (e.g., time, money, space, 
emotions, attitudes, opinions, perceptions, and 
social influences) that influence us and our 
clients. 

Mindset 
A person’s attitudes, beliefs, values, personality, 
preferences, and perceived ability to perform a 
given task (otherwise known as “self-efficacy”) 
all influence one’s decision on how he/she will 
address a given task or problem. We often 
summarize these factors as an individual’s 
“mindset” (Jansen and Lam, 2012). A number of 
things can be said about an individual’s mindset. 
They are: unique, self-protective, shape their 
worldview, flawed, create blind spots, govern our 
actions, and most importantly, mindsets can be 
changed.  

Leeuwis and van den Ban (2004) provide a 
particularly useful model that describes the basic 
factors relevant to understanding a farmer’s 
behavior, three of which are: evaluative frame of 
reference, perceived environmental 
effectiveness, and perceived self-efficacy. These 
factors are described in the context of mastitis 
prevention and control below, as per Roche 
(2016): 

Evaluative frame of reference corresponds to the 
factors that a farmer considers when rationalizing 
a behavioral change. In particular, farmers will 
consider their perception of the consequences of 
management practices they are asked to consider 
(e.g., labor, time investment, impact, required 
inputs, etc.). They will also consider their 
perceptions of the risk of mastitis to their farm 
(i.e., production, health, welfare, etc.) and 
livelihood (i.e., economics), and the likelihood 
that changing their behavior will positively 
impact the incidence of mastitis. Importantly, 
these perceptions will be formed based on each 
farmer’s personal and professional goals and 
aspirations, his/her physical resources (i.e., time, 
money, infrastructure), personal values, and what 
is believed are the social norms with respect to 
the practice. 

Numerous studies indicate that farmers must 
perceive the issue at hand as a problem that is 
worth prioritizing (Jansen et al., 2010c; Jansen 
and Lam, 2012; Ritter et al., 2017). Farmers that 
fail to view a given issue as one or the other 
(problem and priority) are less likely to make a 
change. For example, 90% of dairy farmers from 
Wales and England reported not seeing lameness 
as a problem on their farm, despite an average 
herd-level prevalence of 36% (Leach et al., 
2010a). Studies on mastitis control with Dutch 
farmers demonstrated that farmers varied in their 
perception of the threshold at which mastitis 
became a problem worth prioritizing on their 
farm (Jansen and Lam, 2012). Therefore, the 
level of importance each farmer places on a given 
issue is likely to influence their actions. 

A farmer’s perception of environmental 
effectiveness refers to whether or not they believe 
that their existing socio-economic environment 
can support the behavior(s) he/she is asked to 
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undertake. For example, a farmer considering on-
farm changes for mastitis will evaluate: the 
availability of support from veterinarian, 
employees, and fellow farmers (Ritter et al., 
2015), the availability and reliability of physical 
and organizational resources (e.g., milking 
equipment, time, labor, money, space), and 
market prices (e.g., treatment cost, cow 
replacement cost). Availability of resources, 
which can facilitate the adoption of these 
behaviors, is essentially a key consideration for 
adopting a given behavior. Farmers often cite 
physical resource barriers (particularly time, 
money, and space) as the primary reasons for not 
adopting a given change. Upon further 
investigation, however, farmers often possess 
other beliefs about the issue and/or the changes 
(intrinsic barriers) that also hamper adoption 
(Roche et al., 2019). Farmers will ultimately 
spend their limited resources on the issues they 
view as most important (Bruinjis et al., 2013; 
Horseman et al., 2014), which means uncovering 
their beliefs about a given issue and how it fits 
their list of priorities is key to understanding and 
influencing on-farm behavior.  

Perceived self-efficacy refers to a person’s 
confidence in their own ability to perform a given 
behavior. More specifically, farmers will 
consider their ability to obtain and mobilize 
resources (i.e., money and labor), their own 
personal skills and competence, and their ability 
to control or manage the risks that may arise from 
adopting the behavior. A number of studies have 
observed that farmers’ self-efficacy was 
positively associated with their intention to 
improve hoof health (Bruijnis et al, 2013), 
nematode control (Vande Velde et al., 2015), 
mastitis (Jansen and Lam, 2012), and calf health 
(Vaarst and Sorensen, 2009). A key component 
to improving self-efficacy is not only to ensure 
farmers have the requisite knowledge and skills 
to perform the behavior, but to ensure that the 
recommended changes are feasible and practical; 
characteristics that, when viewed as impractical, 
significantly hamper adoption (Roche et al., 
2015; Ritter et al., 2017).   

Social Referents 
Leeuwis and van den Ban (2004) also describe 
the importance of social referents (e.g., advisors, 

colleagues, family) in influencing change. They 
note that farmers will consider their social 
relationships and perception about the social 
pressures being put on them to perform a given 
behavior. More specifically, they will consider 
what are the expectations from other sources 
(e.g., friends, family, peers, organizations, etc.) 
and they are also likely to consider external 
resources, penalties, and incentives that exist to 
persuade them to make the change. Individuals 
are then likely to place a value on these 
perceptions that will be weighted based on their 
personal feelings, relationships, and experiences 
with these sources. Therefore, for mastitis 
prevention and control, a farmer is likely to 
consider what their employees, family, fellow 
farmers, veterinarians, industry organizations, 
and extension specialists expect of them with 
respect to disease prevention and control. The 
value they place on these perceptions will then 
ultimately determine their response. 

A host of other factors (e.g., values, morals, 
ethics, learning styles, emotions, etc.) also will 
impact an individual’s decision to change his/her 
behavior. Influencing farmer behavior is thus a 
complicated endeavour, which requires 
knowledge of how to effectively inform, educate, 
and influence, as well as an understanding of how 
and why farmers behave in the way that they do. 

HOW CAN YOU IMPROVE 
YOUR INFLUENCE? 

Clearly, behavioral change is complex. There are 
a variety of reasons people choose to do or not do 
things the same thing. As an advisor interested in 
motivating on-farm change, an important aspect 
of your job is to uncover what the root cause is 
and work from there.  

Motivation Over Information 
As discussed above, farmers may benefit from 
information to better understand a given issue 
(e.g., improve awareness of a problem, 
understand its importance, and learn how to 
address it). More often than not, however, 
farmers have the tacit knowledge needed to 
perform a given task. In these cases, advisors 
must focus on understanding their client’s 
mindset towards the issue and the recommended 
change. 
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So, how do you influence your clients to adopt 
your recommendations? How do you motivate 
those that don’t want to change? Well, I do not 
think this is the right question. You cannot make 
anyone do anything. But you can certainly help to 
persuade them, and to do this, you need to help 
them find their own motivation to change. This 
can come from the classic “carrot and stick” 
approach (extrinsic motivators) or to have a 
passion for it (intrinsic motivation).  

Research on motivation in dairy farmers 
commonly highlights the importance of 
economics (Ritter et al., 2017). Farmers’ 
willingness to make on-farm changes can 
certainly be influenced by imposing economic 
penalties (Valeeva et al., 2007), highlighting 
economic impacts of decisions, or offering 
economic rewards (Kelton et al., 2014). It well 
known, however, that these classic forms of 
extrinsic motivators typically do not stimulate 
lasting, retained change. This is because no 
change in mindset has occurred, the change has 
simply occurred because of an external pressure. 
The likely result is that if/when this external 
pressure is removed (i.e., funding to motivate a 
farmer to participate in a program is removed), 
they will discontinue the behavior.  

Extrinsic motivation also may come from an 
attempt to avoid guilt or shame for not doing it, 
to fit in with social norms, because they 
appreciate the value of something even though 
they do not want to do it, and/or it might align 
with their beliefs, values, and worldview. 
Examples of these forms of motivation relate to a 
farmers’ willingness to control a disease because 
they have a responsibility to maintain animal 
health and welfare (Ellis-Iversen et al., 2010; 
Roche et al., 2019), they want to ensure they have 
a good reputation with their peers (Roche, 2014), 
and/or they take pride in being a good farmer 
(Roche et al., 2019). These elements speak to the 
importance of job satisfaction and the desire to be 
viewed as a good at their job (Ritter et al., 2017). 
Furthermore, these additional extrinsic 
motivators represent important beliefs about why 
they should make a change; understanding the 
client’s perspectives here will help inform how 
you work with them.  

Stop Talking and Start Listening 
The discussion to this point illustrates two key 
things. First, farmer’s decisions to change their 
behavior are unique, multi-faceted, and driven 
largely by mindset factors. Second, any effort to 
influence and motivate farmers requires an 
understanding of their mindset and what 
motivates them. So how can advisors do this? The 
key is to get your client talking. 

Studies evaluating veterinarian-farmer 
interactions show that advisors typically use a 
directive communication style (minimal 
elicitation of client opinion, dominating the 
consultation agenda, prioritizing instrumental 
support; Bard et al., 2017), and rarely involve 
open-ended questions (Jansen et al., 2010a). This 
might not be a surprise, as most advisors view 
their value as their ability to assess objectively a 
situation and provide advice or 
recommendations. Providing recommendations 
that are not tailored to the mindset of the 
individual, however, are more likely to be 
ineffective (Lam et al., 2011). 

Advisors must take the time to ask open-ended 
questions, which ask individuals to describe their 
own attitudes, beliefs, and concerns about the 
issue. It also means asking more broadly about 
their goals, priorities, wants, needs, and 
challenges. It is not just about collecting the facts, 
it is about understanding their story. Similar to 
how we revert to giving advice (making the often-
incorrect assumption that information is needed), 
we often assume we know the motivations of our 
clients. This is why it is critical to take the time to 
talk to your clients (about personal and 
professional matters); it gives you a better 
understanding of what drives them, and helps 
build your relationship in the meantime.  

Regular interactions between advisors and their 
clients also help to increase familiarity with one 
another’s beliefs, values, and aspirations, and 
enhances trust (Jansen and Lam, 2012). Those 
who are most successful at motivating change 
often have close relationships; they have built a 
rapport, trust, and a feeling of working together. 
Farmers are more likely to engage when the 
conversation is tailored to their individual 
situation and their beliefs (Lam et al., 2011; 
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Garforth, 2015). Taking this approach will help 
you have more influence.  

Supportive & Constructive Feedback 
Feedback from supervisors is routinely identified 
as one of the most important motivators for 
agricultural staff (Kolstrup, 2012). In fact, 
research has shown that recognition and 
achievement are not only some of the most 
important motivators, they also tend to have the 
longest impact on job satisfaction (Cho and Perry, 
2011). Recognition doesn’t need to be in the form 
of either monetary incentives or tangible rewards. 
In fact, more money does not tend to equate to 
increased motivation and productivity (Cho and 
Perry, 2011).  

Recognition of a job well done or an appreciative 
remark (“thank you”) can go a long way, and 
takes almost no effort at all. Feedback doesn’t 
always have to be positive; it just needs to be 
constructive. Although this research has focused 
on agricultural staff in the context of an 
employee-employer situation, the findings should 
apply similar to an advisor-client relationship. 
Taking the time to recognize someone’s effort 
(even if misguided) should be the first priority. 
Then you can discuss the potential corrective 
measures you would like to see put in place. 
Again, it is all about open communication and 
building a trusted relationship; these simple 
approaches will help you get there with your staff. 

Goal-Setting and Action Plans 
One of the best ways advisors can engage with 
their clients is to involve them in setting goals for 
themselves and their operation. Effective 
advisors motivate their clients by creating an 
environment where the team works toward a 
predetermined set of goals (Cho and Perry, 2011). 
Your job is to help identify and collaboratively 
establish action plans that can serve as a driver 
and benchmark improvement towards the goal. 
The best place to start is with a brainstorming 
session. One where everyone’s thoughts and 
ideas are given equal value and consideration. 
Take this opportunity to hear the perspectives of 
your clients and to review where their operation 
is currently.  

Once they have chosen a few of their top goals, 
set out to make them S.M.A.R.T: Specific, 
Measurable, Actionable, Realistic, and Time-
bound. This helps to ensure goals are clear to all. 
Goals such as “improving conception rate”, or 
“reducing disease” are too broad. What 
specifically will they achieve and what specific 
steps will they take to get there? Most 
importantly, how will they know when they get 
there? “SMART” goals help articulate the goal 
and the steps to achieve it. When it comes to 
planning, start simple and chunk it out. The old 
adage “how do you eat an elephant? One bite at a 
time” rings true here. What is the first action they 
need to take? Achieving goals may take time and 
require the achievement of several smaller tasks 
and goals to get there. Be sure to stay positive, 
and use these smaller steps to help identify 
measures of progress. What are the indicators 
they will use to determine success? How and 
when will they be measured? What are some 
small realistic goals or milestones that will 
indicate they are on the right track? Use these 
answers to come up with a plan then act, observe, 
reflect, and repeat in order to develop a series of 
action plans based on their collaboratively 
identified priorities. 

Motivational Interviewing 
One key communication method that is emerging 
in veterinary medicine is motivational 
interviewing, which is a client-oriented 
communication method aimed at facilitating 
client’s internal motivation to change (Hettema et 
al., 2005). This approach uses a variety of one-
on-one communication techniques to help elicit 
“change talk”, which is the client describing the 
various reasons for making a change. These 
techniques involve use of open-ended questions 
to get him/her talking. By so doing, you 
understand client mindset, offer affirmations to 
acknowledge his/her personal strengths, efforts, 
resources, and abilities. It presents the 
opportunity to normalize concerns, offer 
supportive statements by applying reflective 
listening to paraphrase what the client means or 
is trying to communicate (presents the 
opportunity to highlight discrepancies between 
goals and behaviors), and summaries to pull 
together the most important information 
(Levounis et al., 2017). Recent research from the 
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United Kingdom has focused on the use of these 
tactics to improve veterinary communication 
(Bard et al., 2016; 2017; Svensson et al., 2020). 
Most recently, Svensson et al. (2020) 
demonstrated the motivational interviewing 
training for veterinarians resulted in increased 
reflections, relational score (indicating the 
advisor and client are closely aligned), farmer 
change talk, and decreased persuasions and 
confrontations. As a result, this type of training, 
and the specific tactics used within, offer promise 
for improving advisor communication 
approaches to motivate behavioral change in their 
clients. 

Peer learning 
The vast majority of studies exploring strategies 
to influence farmer behavior highlight the 
importance of peer influence on decision-making 
(Lam et al., 2007; Roche et al., 2015). Roche et 
al. (2015) used an experiential learning process 
with dairy farmers in Ontario, Canada that 
employed veterinarian-facilitated meetings to 
motivate the adoption of on-farm 
recommendations for the prevention and control 
of Johne’s disease (using small farmer groups 
involving table discussions, farm tours, and 
learning activities). They reported significant 
improvements in participants knowledge, 
attitudes, and adoption of recommendations (81% 
vs. 38% making a change), respectively, when 
compared with a control (Roche et al., 2015).  

In addition, a pilot study conducted in the 
Netherlands involved use of veterinary clinics; 
veterinarians would perform one-on-one 
consultations with farmers or form a local study 
group made up of 8 to 10 clients and their 
veterinarian (Lam et al., 2007). The authors 
observed that the prevalence of cows with 
somatic cell counts > 250,000 cell/mL was 
significantly less in participating herds compared 
with control herds not participating in study 
groups. This change in SCC was likely the result 
of decreased rate of subclinical mastitis in 
participating herds (Lam et al., 2007).  

Other team-based approaches (where farm staff 
and farm advisors) also have yielded promising 
results. In Wisconsin, a voluntary program was 
created to encourage the production of high-

quality milk (Rodrigues and Ruegg, 2005). 
During the program, farmers met with their team 
of advisors to focus on milk quality; specifically, 
where they set goals and discussed changes in 
management strategies surrounding udder health. 
At the conclusion of the program, herds that 
enrolled in the program had reduced bulk tank 
somatic cell counts by 20.2% and bacterial count 
of bulk tank milk by 28.4%. Clinical and 
subclinical rates of mastitis also decreased by the 
end of the program.  

The Healthy Feet project in the United Kingdom 
also recognized the importance of facilitators and 
veterinarians in implementing management 
changes related to lameness (Main et al., 2012; 
Whay et al., 2012; Leach et al., 2013). Whay et 
al. (2012) found that farmers implemented more 
changes likely to positively impact lameness 
when the ideas were generated with the direction 
of a veterinarian rather than on their own when 
told to generate a list. 

Peer learning and team-based approaches seem to 
be effective as they make use of the farmers’ 
social environment, allow for shared experiences 
and stories (rather than just facts), and promote 
equality and further consultation. Perhaps, most 
importantly, peer learning can be facilitated in 
many ways from sharing information on social 
media and listservs to management 
clubs/meetings, to provide benchmarked reports. 
All of these approaches offer the opportunity to 
provide farmers with a frame of reference (where 
they sit relative to farms similar to them), and an 
opportunity to explore and broaden their own 
mindset.  

CONCLUSIONS 
Motivating change is not easy; the playbook is 
complex. Advisors must consider farmer mindset 
as the most important determinants of adoption. 
The key to adoption is when farmers believe there 
is a problem in the herd and believe in the 
effectiveness of specific strategies to solve that 
problem. With an understanding of mindset, 
farmers can be motivated by personalizing the 
message, increasing the farmers’ frame of 
reference, providing feedback on how they are 
doing, and using the power of farmers’ social 
environment by having them engage with their 
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peers and other advisors. Motivation takes time 
and commitment. It may require a change in your 
own mindset for you to have an ultimate 
influence. 
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TAKE HOME MESSAGES 
• Cows completing calving intervals of > 14 months are at greater risk of excess body condition loss

after parturition.
• Cows with excess body condition loss after parturition have greater chances for postpartum health

issues.
• Multiparous cows that maintain or gain body condition during the first month after calving have

greater fertility and fewer early pregnancy losses compared with cows that lose body condition,
regardless of health issues.

• Intensive reproductive management of herds averaging less than 130 days in milk decreases the
chances of excess body condition loss during early lactation.

INTRODUCTION 
Achieving high fertility in lactating dairy cows is 
important for their lifespan (Middleton et al., 
2019). Cows that become pregnant by 130 days 
in milk have a greater chance for pregnancy after 
first service in their next lactation. These cows are 
less likely to lose significant body condition 
during the first 30 days postpartum, have less 
postpartum disease, and lose fewer pregnancies. 
Cows that can repeat this timely pregnancy and 
calve without excess body condition may put 
themselves into this cycle each lactation. This is 
a cycle that can lead to greater overall herd 
fertility if greater a greater percentage of the herd 
can repeat this metabolic goal. It is what we call 
the “High Fertility Cycle.” Fertility programs for 
first AI help to maximize the greatest percentage 
of cows in a high fertility cycle. In addition, 
aggressive resynchrony and pregnancy diagnosis 
programs play a big role in achieving the greatest 
percentage of cows pregnant before 130 days in 
milk. This presentation will discuss the 
importance of intensive reproductive 
management to get your herd into a high fertility 
cycle. 

CONSEQUENCES OF BODY CONDITION 
LOSS IN EARLY LACTATION 

Dr. Jack Britt developed the “Britt Hypothesis” in 
1992 to explain why lactating dairy cows have 
lower fertility compared with their fertility as 
heifers. Figure 1 describes two groups of cows 
during the first 10 weeks after parturition that 
either maintained or gained body condition vs. 
cows that had significant loss of body condition. 
Table 1 describes the outcomes of fertility after 
first and subsequent AI in these two groups. It 
seemed the group that maintained or gained body 
condition after parturition had greater fertility, 
although the study lacked sufficient statistical 
power because of inadequate numbers of cows. 
Carvalho et al. (2014) validated Britt’s earlier 
study with much greater numbers of cows to 
show a substantial increase in pregnancy per AI 
in cows that gained body condition during the 
first 3 weeks after parturition. Middleton et al. 
(2019) further validated this phenomenon 
showing greater fertility in multiparous cows 
when they maintained or gained body condition 
during the first month after calving. Cows that 
had longer calving intervals were more likely to 
lose significant body condition and have poorer 
fertility at first AI.  
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Figure 1. Description of two groups 
of lactating dairy cows with different 
profiles of body condition for 10 
weeks after parturition (adapted from 
Britt, 1992). 

Table 1. Relationships between changes in body condition during the first 10 weeks of 
lactation and milk production and fertility in lactating dairy cows 

Body condition 
Item Maintained Lost 
n 46 30 
Milk yield (lb) 
   Average first 10 weeks 58 60 
   Average for 305 days 17,941 18,198 
Conception rate (%) 
   First service 62%a 25%b 
   All services 61%a 42%b 
1Adapted from Britt (1992). 

It was clear from Middleton et al. (2019) that 
cows becoming pregnant after 130 days in milk 
had a much greater chance of body condition loss 
after the next calving, thus, poorer chances of 
pregnancy for older cows at first AI (Figure 2). 
Cows that lost body condition had greater 
chances of health issues after parturition (Figure 
3). Only cows that did not have health issues after 
calving were included in fertility analyses. 

Based on these data, it is critically important for 
cows to become pregnant before 130 days in 
milk. This ensures that cows do not gain too much 
body condition before the next calving. Our 
group coined the phrase “High Fertility Cycle” to 
describe a potential period by which cows may 
become pregnant early, lose less body condition, 
have fewer health issues after calving, greater 
first service pregnancies per AI, and potentially 
fewer early pregnancy losses (Figure 4).  

Figure 2. Relationship between body condition 
loss after parturition and fertility at first AI in 
cows that maintained or gained (MGBC) or lost 
(LBC) body condition during the 1st 30 d 
following parturition. 
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Figure 3. Relationship between body 
condition changes from parturition to 30 
days postpartum and percentage of disease 
events during the first month postpartum 
in lactating dairy cows. 

Figure 4. Description of the High Fertility Cycle. 

WHY FERTILITY PROGRAMS 
ARE ESSENTIAL 

There are two key reasons why fertility programs 
are essential to ensure that cows get into a high 
fertility cycle. Fertility programs ensure that all 
cows will receive AI for first service before 85 
days in milk, and, more importantly, have the 
greatest opportunity to become pregnant.  This 
leaves sufficient time to ensure the nonpregnant 
cows receive their second AI before 130 days in 
milk.  Pregnancy per AI goals for first service 
with fertility programs should be ≥ 50% and ≥ 
35% for second and greater AI. It is clear that 
utilizing only estrus-detection programs for first 
AI does not allow sufficient numbers of cows into 

the High Fertility Cycle based on data from our 
laboratory when a fertility program (Presynch-
11; all timed AI) was compared with AI 
following estrus detection (Figure 5).  

Figure 5. Effect of the fertility program 
Presynch-11 in which all cows received timed-AI  
vs. AI after detected estrus in first, second, and 
third or greater parity dairy cows.  

IMPORTANCE OF REDUCING INTER-
INSEMINATION INTERVAL 

In the same way fertility programs are essential 
for first AI, well managed electronic estrus-
detection programs are essential for reducing the 
inter-insemination interval. In order to ensure 
maximal numbers of cows pregnant before 130 
days in milk, nonpregnant cows must receive 
second and third AI as soon as possible. Cows 
that return to estrus must be inseminated and 
cows that are detected non-pregnant at a 28 to 35 
days after AI should receive a resynch program. 
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Resynch programs can include one or two GnRH 
treatments before pregnancy diagnosis or may 
just be exposed to Ovsynch or Ovsynch plus a 
CIDR after a not-pregnant diagnosis. Estrus-
detection rates will be compromised if using two 
GnRH injections on d 18 and 25 after AI. In this 
case, estrus will be suppressed and most open 
cows will not show estrus before pregnancy 
diagnosis.  

IMPORTANCE OF TIMELY 
PREGNANCY DIAGNOSES 

Timely pregnancy diagnoses are important to 
ensure that cows receive second and third AI in a 
timely manner. It is clear that pregnancy losses 
occur and can be attenuated using fertility 
programs that increase progesterone during 
follicular dominance before AI. Cows with 
greater progesterone during that critical period of 
follicle development have fewer pregnancy 
losses between 35 and 56 days post-AI (Martins 
et al., 2018; Figure 6). It is imperative to have a 
reconfirm previously diagnosed pregnancies at 
approximately 60 days post-AI. Losses occur 
after 60 days, but not to the extent of early losses. 
Having further reconfirmations at 90, 120 and 
150 days post-AI are advisable. These are easily 
accomplished with milk PAG’s.  

Figure 6. Effect of high (6 to 10 ng/mL) vs. low 
(2 to 4 ng/mL) concentrations of progesterone 
during final follicular development before AI in 
lactating dairy cows on pregnancy losses between 
35 and 56 days post-AI.  

CONCLUSIONS 
Increasing the chances of pregnancy following 
first AI can enlist more cows into a High Fertility 
Cycle. This in turn will impact cows following 
the next calving and increase the chances of 

pregnancy for multiparous cows. The goal is to 
increase pregnancy rates per AI as much as 
possible using fertility programs for first AI and 
then to be as aggressive as possible in re-
inseminating the nonpregnant cows by utilizing a 
combination of estrus detection and resynch 
programs. 
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TAKE HOME MESSAGES 
• Genomic selection was a critical tool for stopping the decline in Holstein cow fertility, and the

fertility of the Holstein cow is now slowly but steadily improving.
• You can improve fertility in your herd by using bulls with high genomic breeding values for

fertility traits, and you will see those changes in one generation.
• Availability of low-cost, high-density genetic marker panels and whole-genome sequence data

has allowed us to identify genes associated with large effects on fertility, and to dissect the
biology of gametogenesis, fertilization, and development.

• Continued development of reproductive technologies such as sexed semen, oocyte pickup, and
embryo transfer has provided dairy farmers with new tools to increase rates of genetic gain.

• Other current and anticipated advances in reproductive management, including timed artificial
insemination and development of remote sensing technologies, will allow farmers to improve the
fertility of their herds and increase their profitability.

WHAT WAS THE STATE OF DAIRY COW 
FERTILITY BEFORE GENOMICS? 

Before the introduction of genomic selection in 
2009 (Wiggans et al., 2017), the U.S. Holstein 
breed had experienced a prolonged decline in 
fertility because of the negative association with 
yield (Hansen, 2000). Daughter pregnancy rate 
had decreased from a high of 39.5% in 1959 to a 
low of 24.1% in 2005 (Council on Dairy Cattle 
Breeding, 2020). This represents an increase of 
1.3 days open per year. The situation was not 
acceptable to farmers, who tried many different 
strategies, such as advanced reproductive 
technologies, crossbreeding, and switching 
breeds entirely. Fertility was first added to the 
Lifetime Net Merit selection index in 2003 with 
a weight of 7% (VanRaden and Seykora, 2003). 
Today, the fertility traits (daughter pregnancy 
rate [DPR], heifer conception rate [HCR], and 
cow conception rate [CCR]) receive 10% of the 
weight in the index (VanRaden et al., 2018). 

A major challenge when trying to improve 
fertility through genetics is the question of how 
to measure it. For genetic improvement, we want 
to record observations for as many animals as 

we can, as cheaply as possible. The DPR 
evaluations are based on observations of days 
open, whereas HCR and CCR are based on 
breeding and pregnancy diagnosis data. The low 
heritabilities of these traits indicate that the 
environment plays a much bigger role in their 
expression than genetics. Among other things, 
each of these traits is affected by management 
decisions made by the farmer. Age at first 
calving is also evaluated as early first calving 
(EFC; (Hutchison et al., 2017), but may be a 
more general measure of the onset of puberty 
than fertility per se. This leaves us with an 
important question: are our measures of fertility 
very good? Are we measuring traits that have a 
strong correlation with reproductive physiology, 
or are we simply measuring things that are easy 
to record? 

HOW DID GENOMICS  
CHANGE THINGS? 

The genetic trend for three fertility traits in U.S. 
Holsteins – DPR, HCR, and CCR – are shown in 
Figure 1. The first animals to be genotyped were 
bulls. As the cost of testing decreased, many 
farmers began routinely testing their cows and 
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there are now more than 3.7 million genotyped 
Holsteins in the National Cooperator Database 
maintained by the Council on Dairy Cattle 
Breeding (Bowie, MD). With the help of 
genomic selection, we are improving genetic 
merit for fertility faster than we were before that 
tool was available. 

Rapid adoption of genomic selection, however, 
has resulted in some big changes in genetic 
improvement programs. Perhaps the most 
notable of these is the decrease in generation 
interval by almost half (García-Ruiz et al., 
2016), which means that the rate of genetic gain 
has increased substantially. This is driven 
largely by a shift from predominant usage of 5 to 
7-year-old progeny-tested bulls in AI programs
to usage of young bulls less than 4 years of age
(Hutchison et al., 2014). One consequence of

these changes is that few bulls receive a 
conventional progeny test anymore. By the time 
second-crop daughters come in, a progeny-tested 
bull is 2 to 3 generations behind the younger 
bulls in the population. 
Some people are worried that genetic 
evaluations are not as stable now as they once 
were. Meaning that bull evaluations can change 
a lot from one genetic evaluation run to another, 
but that is not the case. Early in the development 
of genomic selection, there were sometimes 
large changes from one run to another, but the 
statistical methodology is now mature and such 
changes are rarely seen. As a reminder, 
sometimes large changes occurred in traditional 
(non-genomic) evaluations when, for example, 
many daughter records were added at one time 
to a bull’s proof. 

Figure 1. Trends in U.S. Holstein breeding values (BV) for daughter pregnancy rate (DPR; red lines), 
heifer conception rate (HCR; blue lines), and cow conception rate (CCR; black lines) for bulls (solid 
lines) and cows (broken lines) for animals born 1957—2019. \Data were extracted from the Council on 
Dairy Cattle Breeding’s August 2020 genetic and phenotypic trends page. 
(https://queries.uscdcb.com/eval/summary/trend.cfm). 

You might wonder if going faster is actually 
better – we went in the wrong direction for a 
long time, how can we be sure that we are 
actually on the right path today? A recent study 

of 4,445 Holsteins from 4 commercial dairies 
showed that cows with genomic predicted 
transmitting ability (PTA) for DPR in the top 
quartile had greater pregnancy rates, fewer days 
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open, and fewer services to conception than 
cows with PTA in the bottom quartile (Lima et 
al., 2020). Similarly, cows with PTA for DPR > 
1 (n = 1,285) had higher pregnancy rate at first 
service, fewer services per conception, and 
fewer days open that cows with a DPR < -1 (n = 
989) (Ortega et al., 2017a). These results are
important because they confirm that animals
predicted to have high fertility generally do, and
animals predicted to perform poorly usually do.

WHERE ARE WE TODAY? 
Knowledge of the Molecular Genetics of 
Reproductive Biology is Advancing Rapidly 
Improved breeding values may be the most 
visible product of the genomic revolution in 
dairy cattle but there is much more to the story 
than that. Over the last 12 years, we have 
dramatically improved our understanding of the 
reproductive biology of the cow. With this 
knowledge has come identification of the 
specific genes controlling reproductive 
processes. Candidate markers were identified 
and validated in genes associated with 
reproductive processes (Cochran et al., 2013a; 
b), which resulted in the addition of 39 SNP to 
the genomic evaluation panel used by the 
Council on Dairy Cattle Breeding . Addition of 
these markers increased the accuracy of 
prediction by 0.20% (Ortega et al., 2016), which 
may seem small, but the increase from 50 k to 
777 k SNP genotypes increased accuracy by 
only 0.40% (VanRaden et al., 2013). This shows 
that a carefully targeted approach to identify 
new DNA markers can be much more efficient 
than selection of markers without using 
functional information. A single change in 
COQ9 had favorable effects on cellular oxygen 
metabolism, body weight changes, and ovarian 
function (Ortega et al., 2017). We also now 
know that use of bulls only, cows only, or a mix 
of the two in association studies identify 
different sets of genes that often do not overlap 
(Gaddis et al., 2016). Use of embryo transfer 
continues to grow, and there is evidence that 
several aspects of that process are under some 
degree of genetic control (Jaton et al., 2016; 
Parker Gaddis et al., 2017), although genetic 
effects are very small for some traits. 

As the example of COQ9 illustrates, it is likely 
that much of the genetic variation affecting 
reproduction is not caused by mutations 
affecting function or expression of genes that 
evolved specifically for a function in the embryo 
or reproductive tissues, but rather that play a role 
in both reproductive and non-reproductive cells 
alike. Embryo-lethal mutations in housekeeping 
genes, such as the mutation in CWC15 
responsible for the JH1 fertility haplotype in 
Jerseys (Sonstegard et al., 2013), are a reminder 
that lethal recessive alleles are an important 
cause of infertility and that inbreeding reduces 
reproductive function (Martikainen et al., 2018). 

Renewed Appreciation of Andrology 
After many years of dormancy, research into the 
reproductive biology of the male is accelerating. 
At one level, the race for obtaining semen from 
the best bulls is increasing the pressure for early 
puberty in bulls. In addition, however, 
opportunities exist for improving bull fertility 
through genetic selection, management or post-
harvest processing of semen. Use of sexed 
semen has become commonplace in commercial 
dairy production (e.g., Burnell, 2019), but recent 
research indicate that sex-sorted semen have 
different motility profiles and reduced rates of 
embryonic development than conventional 
semen (Steele et al., 2020). This is consistent 
with findings of Ortega et al. (2018) I which 
bulls with high (favorable) sire conception rates 
produce more fertilized oocytes and fewer 
degenerate embryos than low-sire conception 
rate bulls. Interactions between the sperm and 
the female reproductive tract are crucial for 
maintaining sperm survival in the reproductive 
tract (Pollard et al., 1991; Kumaresan et al., 
2019). Availability of genotypes for virtually all 
bulls entering AI service is also being used to 
identify causal variants for genetic differences in 
fertility among bulls (Hiltpold et al., 2020). 
Lastly, recent advances in flow cytometry and 
machine learning may increase the accuracy of 
evaluating bull fertility (Bucher et al., 2019). 

Dairy Farmers Have Rapidly Embraced New 
Reproductive Tools 
Sexed Semen. Rapid adoption of sexed semen as 
a common tool in reproductive management has 
been driven by rapid improvements in the 
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technology. Although initially used principally 
in heifers because of lower fertility of sexed 
semen (e.g., Norman et al., 2010), it is now 
commonly used in heifers and cows. 
Furthermore, little difference is observed in 
fertility between conventional and sexed semen. 
This has allowed dairies to adopt more complex 
breeding strategies because they are assured of a 
surplus of heifer calves as replacements. 

Beef-on-Dairy. The increasing use of beef 
semen for AI of dairy cows to produce higher-
valued calves for the packing industry is not, 
strictly speaking, a fertility issue, but it is 
enabled by the surplus of heifer calves resulting 
from widespread use of sexed semen. Sales of 
beef semen have increased rapidly in the U.S. 
during the last few years (Geiger, 2020; National 
Association of Animal Breeders, 2020), which 
can increase farm profitability (Ettema et al., 
2017) and is consistent with anecdotal reports of 
a shift in breeding strategy. 

Who Benefits? There is some evidence that 
farmers with larger herds are more likely to 
adopt new technologies than those with smaller 
herds (Gargiulo et al., 2018), which seems to be 
driven largely by labor costs on large farms. 
This leads one to wonder if new reproductive 
technologies are just more tools that benefit the 
farmer with 1,200 or 12,000 cows, and not the 
producer with 120 cows. One notable difference 
between precision technologies, however, such 
as automated milking systems, and beef or sexed 
semen is that the former requires substantial 
more capitalization than the latter. It is certainly 
possible that a very large dairy may negotiate a 
slightly more favorable per-unit price because of 
greater volume purchases, but it is not clear that 
such advantages make this semen off-limits to 
the smaller herds. 

WHERE ARE WE GOING? 
What Should We Do About Genetic Diseases?  
It is inevitable that undesirable genetic defects 
will arise in any population, and the widespread 
use of AI in dairy cattle means that we will 
sometimes have to manage such conditions 
(Cole et al., 2016). Currently, there are 20 such 
haplotypes being monitored in the U.S. dairy 
population (Cole et al., 2018), and there are 

more being reported in other countries (e.g., 
Fritz et al., 2018; Häfliger et al., 2020). Because 
of the complexity of interpreting these data, 
genetic diseases are best managed by using a 
computerized mating system (Cole, 2015; 
Upperman et al., 2019). This is always a moving 
target because, as one disease or another is 
brought under control, new ones will arise. 
MacArthur et al. (2012) reported that human 
genomes typically contain approximately 100 
genuine loss-of-function variants, with about 20 
genes being completely inactivated. Statistics 
are likely similar in the bovine, and a lethal 
mutation can rapidly increase in frequency when 
it is inherited by a genetically, high-use elite 
bull. For example, the Holstein bull Carlin-M 
Ivanhoe Bell (007HO00543;
HOUSA000001667366), who has more than 
80,000 offspring, was the carrier of both the 
bovine leukocyte adhesion deficiency (Shuster et 
al., 1992) and complex vertebral malformation 
(Agerholm et al., 2001) defects. 

How Should We Introduce or Multiply 
Desirable Genes? 
There is growing interest in strategies for 
spreading desirable genetic variants, such as the 
slick mutation in the prolactin receptor gene 
(Hansen, 2020a) and polled allele (Mueller et 
al., 2019), through dairy cattle populations. As is 
the case with beef-on-dairy, this is not a exactly 
an advance in reproductive biology, but most 
strategies for introgressing these alleles 
incorporate in-vitro fertilization (IVF) and 
embryo transfer (ET) at some stage in the 
process (Cole, 2019). In that sense, 
improvements in embryo technologies which 
increase use of ET as a genetic selection tool 
also will benefit these schemes (Hansen, 2020b), 
and have the potential to increase the value of 
carrier embryos in the ET marketplace. Gene 
editing is now routine and the advent of 
livestock with mutations designed by humans is 
on the near horizon. How such animals will be 
accepted by the public is an important 
determinant of how quickly the technology sees 
application in the U.S. 

New Reproductive Traits 
The advantage of measuring traits like CCR or 
DPR is that millions of records can be obtained 
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with relative ease by collecting on-farm data. 
These traits are affected unfortunately to a large 
extent by the environment, including 
management decisions of the dairy farmer, and 
low heritability of these traits. Other 
reproductive traits may be more heritable. As 
pointed out as far back as 8 years ago (Boichard 
and Brochard, 2012), development of new 
devices for measuring reproductive physiology 
of cows may make it feasible to incorporate new 
traits into selection indices for reproduction. It 
remains to be seen whether other physiological 
measurements of reproduction can be found that 
are both more heritable than traits like CCR or 
DPR and feasible for wide-scale measurement. 
Concentrations in blood of anti-Müllerian 
hormone are very heritable (Nawaz et al., 2018) 
and the intervals from calving to estrus and 
calving to first postpartum elevated progesterone 
concentrations were moderately heritable 
(Ismael et al., 2015; Tarekegn et al., 2019). In 
contrast, heritabilities were low for duration and 
intensity of estrus (Ismael et al., 2015), 
progesterone concentrations during the luteal 
phase (Tarekegn et al., 2019), and embryo 
survival after ET (Parker-Gaddis et al., 2017). 

More Embryo Transfer? 
Although ET has been common in some parts of 
the world, notably in Brazil, where the large 
yield of oocytes from Bos indicus cattle 
increases the efficiency of in vitro production 
systems, ET is now increasing in importance on 
U.S. dairies. Although mostly limited to high-
end breeders in the past, the potential of ET to 
increase the number of offspring produced by 
genetically elite females is of growing 
importance (e.g., Fleming et al., 2018). What 
will be essential to make use of ET more 
widespread is to reduce the costs of embryo 
production and increase the effectiveness of the 
procedure for achieving pregnancies (Hansen, 
2020b). A recent reported advance in 
cryopreservation of embryos produced in vitro 
(Gómez et al., 2020), if repeated, could be an 
important step in that direction.  

Should We Continue to Depend on 
Reproductive Hormones in the Long Run? 
Timed AI, which is now very common on U.S. 
dairy farms, depends on the use of exogenous 

reproductive hormones. There is some evidence 
that effectiveness of hormonal interventions to 
increase fertility depends on interactions with 
specific mutations in genes associated with 
reproduction (Zolini et al., 2019). It is possible, 
therefore, that timed AI, like any other 
management intervention, could lead to a change 
in frequency of specific alleles. 

Although American consumers have generally 
been more accepting of biotechnological 
innovations in the food chain, a change in 
consumer sentiment could rapidly change the 
regulatory landscape (Ufer et al., 2019). Timed 
AI offers several advantages to the farmer 
including reducing the need for estrus detection 
and improving fertility compared with 
inseminating after detected estrus (Carvalho et 
al., 2018). It can also be considered a method for 
improving animal welfare because, as pointed 
out by J.E.P. Santos (personal communication), 
an open cow often ends up as a dead cow. It is 
likely that application of precision agricultural 
technologies to dairy cattle management will 
lead to new methods to detect estrus and 
diagnose pregnancy. If this occurs, some of the 
rationale for timed AI may dissipate. 

CONCLUSIONS 
Dairy cow fertility has been steadily improving 
since the introduction of genomic selection in 
2008. In addition to more accurate genetic 
evaluations, genomics have led to a deeper 
understanding of gamete and cow physiology, as 
well as enabling more sophisticated strategies 
for herd management. Although we are unlikely 
to see another tool that provides such a rapid 
change in cow performance, we will continue to 
benefit from discoveries enabled by genomic 
selection for a very long time. 
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TAKE HOME MESSAGES 
• Embryo production is a powerful technology for genetic improvement of dairy animals.
• The combination of low oocyte recovery, young age of donors, and milk production status can make

the embryo production of dairy cattle incredibly challenging.
• Follicular wave synchronization and stimulation with FSH improves oocyte quality and

consequently embryo production.
• Good quality embryos, selected at the right time and stage of development, transferred by an

experienced embryo transfer technician, to well managed recipients, 7 or 8 days after estrus will
result in high pregnancy rates.

INTRODUCTION 
Embryo production has proven to be a powerful 
technology for genetic improvement of dairy 
animals, primarily to propagate the genes of 
females with superior genetic values and 
lineage. 

RuAnn Genetics, located in Riverdale, 
California, milks 4,500 Holstein cows at 
RuAnn and Maddox Dairies, with a 305-day 
mature-equivalent milk production of 28,160 
lb. Embryo production and transfer have been a 
part of their genetic program since 1985. Ovum 
pick-up (OPU), in vitro maturation, in vitro 
fertilization, in vitro culture, embryo transfer 
(ET), and freezing for direct transfer have been 
performed in house since the establishment of 
the in-house laboratory in 2008. From 6,000 to 
10,000 embryos are produced per year. In 2019, 
6,985 in vitro (85%) and in vivo (15%) embryos 
were produced, 4,348 embryos (62%) were 
used for Maddox Dairy (transferred or 
exported) and 2,637 were produced for other 
dairy or beef cooperators (transferred fresh or 
cryopreserved). Figure 1 illustrates the 
differences in Total Performance Index (TPI) 
during the last 10 years for the females born at 
RuAnn Dairy resulting from artificial 
insemination (AI) or ET as an example of the 
benefits of ET when compared with AI. 

According to data collected by the American 
Embryo Transfer Association (AETA) 
Statistical Committee in 2019 (Demetrio, 
2020), dairy cows produce an average of 15.7 
oocytes and 3.3 viable embryos per OPU 
session. Dairy cattle breeding and selection 

have been revolutionized by the use of genomic 
selection, and the demand for embryos 
produced from very young heifers (<10 
months) with high genetic merit has increased 
over time. Lactating donor cows can have 
decreased oocyte quality, poorer fertilization 
rates, and impaired early embryonic 
development because of their lactational 
metabolic challenges (Leroy et al., 2011), and 
greater incidence of postpartum metabolic and 
infectious diseases (Ribeiro et al., 2016). The 
combination of low oocyte recovery, young age 
of donors, and milk production status can make 
the in vitro embryo production (IVP) of 
Holstein cattle incredibly challenging. 

Several factors need to be coordinated to obtain 
a live calf from an IVP embryo. The donor must 
provide a good quality oocyte, which can be 
matured and be successfully fertilized. The 
embryo needs to develop in vitro until day 7 
post fertilization and be carefully selected, 
loaded, and transferred by a qualified 
technician. Semen, laboratory equipment, IVP 
media, quality control protocols and laboratory 
technicians determine success of the process. 
The care taken before and after the embryo is 
produced will determine pregnancy outcome 
(Sirard, 2018; Demetrio, 2020; Hansen, 2020). 
The goal is to have a pregnant recipient that can 
successfully carry a healthy calf to term. During 
the past decade, success of commercial IVP has 
improved significantly with greater blastocyst 
rates, better cryotolerance, greater pregnancy 
rates, less pregnancy loss, and decreased 
incidence of large offspring syndrome. 
Nevertheless, embryos generated in vitro still 
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differ from their in vivo produced counterparts 
(Hansen, 2020). 

This manuscript will describe the measures that 
the RuAnn Genetics Laboratory adopted to 
improve success of IVP systems in Holsteins 

(adapted from Demetrio et al., 2020). 
Conclusions are based on results obtained 
during the past 12 years and will focus on donor 
selection, embryo quality, and recipient 
selection. 

Figure 1. Total Performance Index (TPI) for AI or ET females at RuAnn Dairy during the past 10 
years. 

.
DONOR SELECTION AND  

OOCYTE QUALITY 
Culture conditions during IVP may have 
influence on the developmental potential of the 
early embryo, but the quality of the oocyte at 
the start of the process is the key factor 
determining the proportion of oocytes 
developing to the blastocyst stage (Lonergan 
and Fair, 2016). According to the data collected 
by the AETA Statistical Committee in 2017 and 
2018 (Table 1), more oocytes per OPU were 
recovered from beef breeds than dairy breeds, 
and both produced more viable embryos per 
OPU when FSH was used to stimulate the 
donor cows. In 2017, we decided to 
synchronize and stimulate 100% of our donors 
with FSH and we observed an increase of 
almost 2 embryos per donor per OPU. Because 
we start with fewer oocytes when working with 
Holsteins, our goal was to obtain a larger 
proportion of grade 1 and 2 oocytes (superior 

quality) per OPU procedure to increase our 
embryo production per cow. 
According to our data (Table 2), we have 
embryo production rates greater than 60% from 
the combination of grade 1 and 2 oocytes. 
Because of the almost prohibitive cost of FSH, 
we adopted protocols using smaller doses. 
Table 2 summarizes the data from 3,233 
Holstein OPUs (RuAnn donors only) 
performed in our laboratory from January 2017 
through March 2020. The donor cows were 
divided into four groups: heifers younger than 
10 months, heifers older than 10 months, 
lactating cows, and dry cows. We also divided 
them in 3 groups based on oocyte production: 
less than 10 oocytes (low), 11 to 20 oocytes 
(medium), and more than 20 oocytes (high) per 
OPU. A dispersion plot of the number of 
embryos per donor by the number of oocytes 
per donor (Figure 2) indicates that there is large 
variability in both variables among donor cows. 
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Table 1. Comparison of dairy and beef donors for performance of IVP based on 2017 and 2018 
data from the American Embryo Transfer Association Statistical Committee 

Year 
Dairy Beef 

No FSH FSH Total No FSH FSH Total 
2017 
Total OPUs, no. 46,847 32,640 79,487 3,302 20,138 23,440 
Oocytes per OPU, no. 15.6 16.6 16.0 17.8 22.5 21.8 
Total viable embryos, no. 107,330 170,980 278,310 16,022 126,805 142,827 
Viable embryos per OPU, no. 2.3 5.2 3.5 4.9 6.3 6.1 
Viable embryos 
   (viable/recovered), % 18 31 24 31 29 29 
2018 
Total OPUs, no. 54,515 30,290 84,805 3,789 20,233 24,022 
Oocytes per OPU, no. 15.4 16.3 15.7 20.6 22.4 22.1 
Total viable embryos, no. 117,237 163,647 280,884 20,675 144,469 165,144 
Viable embryos per OPU, no. 2.2 5.4 3.3 5.5 7.1 6.9 
Viable embryos 
 (viable/recovered), % 14 33 21 26 32 31 

Table 2. Oocyte recovery and embryo production from Holstein OPUs performed at RuAnn donors 
from January 2017 through March 2020 

Quantity of oocytes 
   Donor group OPU 

Total 
oocytes 
per OPU 

IVC 
oocytes 
per OPU 

Grade 1 
and 2 

oocytes 
per total 
oocytes 

Cleavage 
rates 

Embryos 
per 

donor 

Embryos 
per IVC 
oocytes 

Embryos 
per grade 
1 and 2 
oocytes 

 ----------no. ---------- ---------- % ---------- no. ---------- % --------- 
>20 oocytes per OPU 517 34.1 29.3 35 78 7.7 26 64 

< 10 month heifers 65 34.3 28.0 33 69 4.8 17 42 
> 10 month heifers 77 29.4 26.2 41 76 7.0 27 57 
Lactating cows 117 32.1 27.5 30 77 6.7 24 70 
Dry cows 258 36.4 31.3 37 81 9.1 29 68 

10 - 20 oocytes per OPU 1,192 17.0 14.5 35 78 4.1 28 69 
   < 10 month heifers 157 16.5 14.3 34 74 3.2 22 56 
   > 10 month heifers 385 16.2 14.2 39 81 4.6 32 71 
   Lactating cows 257 17.3 14.7 27 77 3.5 24 77 
   Dry cows 393 17.9 14.9 37 79 4.5 30 68 
<10 oocytes per OPU 1,524 8.2 6.3 31 78 1.7 27 67 
   < 10 month heifers 177 8.2 6.5 30 76 1.5 23 59 
   > 10 month heifers 710 7.9 6.2 34 80 1.9 30 71 
   Lactating cows 371 8.0 6.3 23 74 1.5 23 77 
   Dry cows 266 9.0 6.5 35 79 1.7 26 55 
TOTAL 3,233 15.6 13.0 34 78 3.6 27 67 
   < 10 month heifers 399 15.7 13.1 33 73 2.7 21 52 

> 10 month heifers 1,172 12.0 10.2 37 80 3.1 30 69 
   Lactating cows 745 15.0 12.5 27 7 3.0 24 74 
   Dry cows 917 20.5 17.1 36 80 5.0 29 66 
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The number of embryos produced depend 
on the donor and sires. Dry donors produce 
more embryos than heifers and lactating 
cows, probably because they have fewer 
metabolic challenges, whereas lactating 
cows are producing milk and the heifers are 
still growing. We start OPU in the 
genetically superior genomic tested heifers 
at 8 months of age and some will be 
aspirated every 2 to 4 weeks until 100 days 
of pregnancy. Despite the greater number 

of oocytes produced by younger heifers, 
embryo production rate is lesser than in 
older heifers (21 vs. 30%). We do not select 
our donor cows by the number of oocytes, 
but if we did, we would increase the 
average of embryos per cow and reduce the 
cost of embryo production. As long as we 
do not mind foregoing producing offspring 
from cows with the greatest genetic merit, 
of course!

Figure 2. Relationship between oocyte recovery and embryo production in Holstein donors. 

EMBRYO QUALITY AND 
RECIPIENT SELECTION 

Based on our observations and data, grade 1 
embryos have a higher chance of making a 
pregnancy than grade 2 embryos (Table 3). In 
vitro-produced embryos that reach compact 
morula stage on day 5 of IVC, blastocyst stage 
on day 6, and expanded blastocyst or greater 
stage on day 7, have a much greater chance of 
making a pregnancy than the ones that do not 
(Table 4). 

Pregnancy diagnosis was conducted by 
transrectal ultrasonography 32 to 46 days after 
estrus in heifers and by the IDEXX PAG test 
after 30 days in lactating cow recipients. 

Pregnancy rate was defined by the number of 
pregnancies divided by the total transfers. 
Embryos were transferred all year with no 
significant seasonal effect in pregnancy rates 
when we compared cool (November through 
May) to warm months (June through October, 
when AI conception rates decreased to < 44%). 

Embryos transferred 7 and 8 days after estrus 
have greater pregnancy rates. Lactating cows 
have higher pregnancy rates than heifer 
recipients probably because we are extra 
careful when selecting embryos for them. Only 
perfect blastocysts, with a defined inner cell 
mass (round) and very clear trophoblast cells, 
were selected (Figure 3).
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Table 3. Pregnancy rates (%) assessed at 32 to 46 days post-estrus for grade 1 
and 2 embryos transferred fresh to heifer or lactating cow recipients (January 
2017 through December 2019) 

Recipient type 
Embryo grade 

Grade 1 Grade 2 Grades 1 and 2 
% pregnant (no. transfers) 

Heifers 51 (4,204) 34 (1,599) 46 (5,803) 
Lactating cows 53 (863) 31 (80) 51 ( 943) 
Total 51 (5,067) 34 (1,679) 47 ( 6,746) 

Table 4. Pregnancy rates (%) assessed at 32 to 46 days post-estrus for grade 1, day 6 or 7 
IVP embryos in different stages transferred fresh to heifer recipients on days 6, 7, or 8 
after estrus (January 2017 through December 2019) 

Days of 
cycle 

Day 6 embryos Day 7 embryos 
< Stage 6 ≥ Stage 6 Total < Stage 7 ≥ Stage 7 Total 

% pregnant (no. transfers) 
6 50 (10) 67 (18) 61 (28) 42 (125) 34 (250) 37 (375) 
7 61 (137) 60 (415) 60 (552) 41 (376) 50 (790) 47 (1,166) 
8 48 (427) 61 (750) 56 (1,177) 46 (274) 50 (538) 49 (812) 

Total 51 (574) 60 (1,183) 57 (1,757) 43 (775) 47 (1,578) 46 (2,353) 

Figure 3. Grade 1 day 7 IVP Embryos. The first number refers to the stage, 7 (expanded blastocyst), 8 
(hatching blastocyst) and c (collapsed), and the second number refers to the grade. 

Lactating cows can be used as recipients all 
year long with good pregnancy rates. Best 
results are achieved if a day 7 expanded 
blastocyst or older is transferred at 7 or 8 days 
after estrus (Table 5). 

Lactating cows and heifers can be used as 
recipients all year around, with greater 

pregnancy rates when a grade 1, day 6 early 
blastocyst (or older) or day 7 expanded 
blastocyst (or older) is transferred by an 
experienced ET technician at 7 or 8 days after 
estrus. Experienced ET technicians have a 
significant positive impact on the results. 
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Table 5. Pregnancy rates (%) assessed at 32 to 46 days post-estrus for grade 1 day 7 IVP 
embryos transferred fresh to lactating cow recipients (January 2017 through December 2019) 
in two different times of the year 

Days of 
cycle 

Early blastocysts or blastocysts Expanded or hatched blastocysts 
June 

through 
October 

November 
through 

May All months 

June 
through 
October 

November 
through 

May All months 
% pregnant (no. transfers) % pregnant (no. transfers) 

6 16 (19) 4 (9) 25 (28) 41 (110) 54 (46) 45 (156) 
7 51 (39) 47 (64) 49 (103) 56 (232) 58 (289) 57 (521) 
8 0 (2) 50 (6) 38 (8) 56 (25) 64 (22) 60 (47) 

Total 38 (60) 47 (79) 43 (139) 52 (367) 58 (357) 55 (724) 

CONCLUSIONS 
Many factors contribute to produce a live calf 
from an embryo. Attention to detail in every 
step of the process is crucial for success. 
Quality of the oocyte at the start of IVP is a key 
factor to determine the rest of the process. 
Because of the small number of oocytes 
recovered from dairy donors, we need to 
synchronize follicular wave emergence and 
stimulate with FSH to improve oocyte quality 
and consequently embryo production. Good 
quality embryos, selected at the right time and 
stage of development transferred by an 
experienced ET technician to well managed 
recipients 7 or 8 days after estrus will result in 
the best pregnancy rates. 
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TAKE HOME MESSAGES 
• Evidence-based decision making from transition cow health records requires accurate and consistent

data and the tools for their efficient summary and analysis.
• Variation in disease case definition or detection intensity across farms does not preclude consistent

data recording on each operation.
• To be considered “good,” health records must support herd and individual animal-level management

as well as residue avoidance functions.
• Dairy management software companies must make changes to their software to ensure the entry of

consistent health records and functions to evaluate them.
• Until then, user defined record systems must establish and follow protocols for health data recording.
• All records must have the same information, in the same order using the same abbreviations to allow

efficient summary and analysis of health management by computer applications.

INTRODUCTION 
I’m certain it won’t be necessary for me to try and 
convince anyone of the importance or value of 
using transition cow records to make informed 
decisions. Who better to ask how the transition 
cow management program on a dairy is working 
than the cows? “Good” health, production and 
reproduction records allow for an objective 
assessment, based on the cow’s performance, of 
the effectiveness of transition cow management 
on a dairy. To make the “Cows the Consultants” 
efficient, however, timely summary and analysis 
of transition cow records are necessary. For 
production and reproduction, this is largely 
possible as the data are good and there are tools 
available to easily summarize and evaluate them. 

 In contrast, for transition cow health records the 
same is not true.  Given that on-farm health 
record systems are largely defined by the user, it 
is critical that those wanting to evaluate them on 
a population level take the time to develop 
protocols to ensure accurate and consistent 
recording of health data that is “computer 
friendly”. Such protocols are necessary because 
none of the commonly used dairy management 
software programs prompt the user for the 
critical data needed nor do they control data 
entry to ensure the consistent recording of the 
same health events within and across farms.  

Even when quality health data are available, 
appropriate tools are needed to facilitate their 
efficient summary, integration and analysis to 
generate actionable information for decision 
making. Furthermore, while current systems 
allow for detailed analysis of production and 
reproduction they don’t facilitate integration of 
those data to answer important question about 
transition cow health and productivity. Four-
week, 8-week, and peak milk production and 
components, insemination risk, conception and 
pregnancy rate; disease incidence rates, 
retreatments, recurrence and herd removals are 
all important outcomes to monitor. We still have 
work ahead to integrate these data silos to fully 
understand how transition cow disease impacts 
production and reproductive outcomes on an 
individual farm to better inform decision making. 
We also need, however, to continue shifting 
attention to the upstream inputs and the processes 
on the dairy that contribute to transition cow 
success. We need records that tell us how well the 
people on the dairy are performing so we can 
ensure the consistent, effective implementation of 
best practices. Protocol drift is not inevitable or 
unavoidable, it is usually simply a sign of 
managerial inattentiveness or apathy.  
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We need to monitor and record key inputs that we 
know influence the outcomes we already do (or 
should) routinely monitor to make the best 
management decisions. I’m not going to start 
listing off all the outcome metrics and how to best 
measure them or what I think are the inputs that 
should be monitored. You likely already know 
the outcome metrics and could easily come up 
with a good list of inputs based on the following 
suggestion. Any inputs you assess to troubleshoot 
and identify the cause of a problem are good 
candidates to monitor routinely and establish 
benchmarks that tell you when that upstream 
process is out of control. This activity can help 
you decide when you need to make an 
intervention in that input process to get it back in 
line and avoid negative impacts on the outcomes 
of transition cow health and production. These 
may not be entered into your dairy management 
software program but should be recorded in a 
spreadsheet like Excel or Google Sheets in a way 
that allows efficient summary. Some key best 
practices for data management are described 
below to achieve that.  

The other focus of this paper is on key concepts 
underlying HOW to establish “good” health 
records on the dairy through standardized Health 
Data Management Protocols. Detailed guides for 
this process are available at 
www.goodhealthrecords.com. I also encourage 
everyone to push dairy management software 
companies make changes to their software to 
ensure the entry of consistent health records and 
functions to evaluate them. Simply put we need 
health “events” to function the same as 
reproductive “events”: Computer friendly data 
and a way to efficiently summarize them. Those 
of you familiar with DairyComp (VAS, Tulare, 
CA) probably use the BredSum command that 
allows you to evaluate summarized BRED event 
data. The same was needed for health records so 
we developed HEALTHSUM® with USDA 
funding, to facilitate the efficient summary and 
analysis of health data and its integration with 
production and reproduction records to make data 
driven management decisions. 

WHAT IS THE ROOT CAUSE OF POOR 
QUALITY HEALTH RECORDS? 

A lack of quality health data in the dairy industry 
has been recognized for decades and nicely 
summarized by Kelton et al. (1997): “The most 
complete, accurate and consistent data is 
worthless if it is not accessible in a form that 
allows data to be aggregated and analyzed.” Yet, 
health data on dairy and other livestock 
operations commonly lack uniformity and the 
tools to efficiently analyze those data to generate 
actionable information. Health data quality is 
often inadequate for computer software to 
analyze efficiently so there is no motivation to 
create them. Because no tools exist to analyze 
efficiently health records there is little perceived 
value in capturing accurate and consistent data. 
The user-defined nature of health data recording 
in common dairy management software has led to 
the lack of quality health records on individual 
operations and a lack of uniformity across dairies. 

A positive Health Data Cycle with favorable 
results will likely require effort at two critical 
points: data entry as well as summary and 
analysis to get it rolling (Figure 1). Until data 
entry is controlled by management software, 
standard health data recording protocols need to 
be implemented to ensure accurate, consistent 
(i.e., “Computer friendly”) data are available. 
Increased time commitment is a common concern 
when implementing standard health data 
recording protocols. A study of 22 dairies, 
however, showed no change or a reduction in 
time required for data capture (96% of dairies) 
and data entry (77% of dairies; Giebel et al., 
2012). Those with increased data entry time were 
not recording health data in the computer before 
the study. 

The full value of health data cannot be realized 
until applications that efficiently summarize and 
analyze those data are widely available. Such 
tools will allow a better understanding of disease 
on individual dairies and improved 
benchmarking. Benchmarking involves 
measurement and reporting of key metrics to 
facilitate comparisons with peers. Studies have 
shown benchmarking improved management of 
dairy cattle lameness, calf growth, and passive 
transfer of immunity (Chapinal et al., 2013; 

http://www.goodhealthrecords.com/
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Atkinson et al., 2017). Benchmarking can 
facilitate a more data-driven approach to decision 
making and provide evidence of the value of data 
recording efforts (Figure 1). 

Figure 1. Health Data Value Cycle illustrating the 
steps involved in creating value as data produces 
knowledge resulting in action reinforcing the 
value of data quality. Standard data entry and 
efficient summary and analysis are both critical to 
start and maintain the cycle. 

Different disease definitions is a common 
concern about the validity of benchmarking 
across livestock operations and has hindered 
progress in standard disease recording practices. 
Different disease definitions do not preclude the 
accurate and consistent recording of disease as 
defined on each farm. Benchmarking can 
motivate farmers through pride in performance 
and better knowledge of their operation in the 
context of others (Sumner et al., 2018). 
Awareness of how differences in disease 
definition and recording practices can diminish 
the value of benchmarking may provide the 
motivation to adopt standard practices.  

WHAT ARE “GOOD” 
HEALTH RECORDS? 

Obviously accurate and consistent are key 
features, however, health records must support 
three critical functions on the livestock operation 
to be considered “Good”: 

Evaluation of Herd-Level Health Management 
(Strategic) 
This involves Preventive and Therapeutic Plan 
outcomes assessment answering the overarching 

questions described above. It also involves the 
ability to evaluate protocol compliance. 
Consistent (computer friendly records) are 
critical to this function. Because this is where 
veterinarians have the opportunity to deliver 
value they also have responsibility for ensuring 
the availability of quality data making such 
analysis possible. 

Individual Animal-Level Health Management 
(Tactical) 
These are the day-to-day activities that must be 
done to achieve the strategic goal of healthy, 
productive animals. They involve keeping track 
of animals and drugs and intervention decision 
making. Individual animal records don’t need to 
be consistent for this function. One can look at 
individual animal health records and recognize 
the same disease recorded 3 different ways and 
still make a decision to remove the animal rather 
than retreat. This is why user-defined health 
records that lack consistency are still perceived as 
“good” by farm personnel even though they may 
not be adequate for the herd level management 
function described above. As we work to improve 
health data quality for strategic use we cannot 
compromise day-to-day needs of those working 
on the farm. 

Residue Avoidance or Regulatory Compliance 
 This may be the function that gets a farm started 
developing health data management protocols. It 
is important to have complete treatment records 
allowing observation of drug withdrawal times to 
avoid residues in milk and meat. I have found that 
a focus on the first two functions (e.g. strategic 
and tactical management) as well as a focus on 
health management rather than only treatments 
given results in health data adequate for the 
function of residue avoidance. As described 
below, however, the sole focus on drug use leads 
to inaccurate health records that don’t meet the 
needs of the “Herd”-level Health Management 
function. 

ACHIEVING ACCURATE AND 
CONSISTENT “GOOD” HEALTH 

RECORDS 
Quality health records require a change in focus 
from recording treatments to recording disease 
that occurs and how it was managed. Until 
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management software provide system control of 
data entry, free-form or user-defined entry needs 
to be governed by standard protocols on each 
farm. Veterinarians are well-positioned to deliver 
value to their clients by facilitating data 
management protocol development and 
implementation. Capture of needed data should 
be integrated into disease identification and 
treatment protocols. In some cases, disease 
episodes are entered directly into the computer 
system with a handheld device. Data capture, 
however, often happens by written records that 
are later entered into the computer. In either case, 
specific data entry protocols are needed. 

Detailed protocol setup guides for dairies to 
achieve “Good” health records are available at 
www.goodhealthrecords.com. Although they are 
specific to dairy, the concepts apply to other 
livestock management systems. The Three 
Simple Rules of “Good” Recording highlight the 
key concepts guiding protocols for health data 
recording. What follows is a description of those 
concepts and issues that commonly compromise 
health record quality. 

Simple Rules of “Good” Health Data 
Recording in the Computer 

1. Record ALL disease episodes.
a. Regardless of severity or therapy.
b. Record mastitis at the quarter-level and

diseases causing lameness at the limb-
level.

2. Use a SINGLE, SPECIFIC “Event” to
record each disease.

a. Record clinical disease events (e.g.,
MAST, METR) not treatment events
(e.g., PEN, NUFLOR).

b. Use a different event to record:
i. Retreatment or daily treatment of a

disease episode.
ii. Mass medication or treatment of

cows with subclinical disease.
3. Be consistent. Record the same

information in the same order using the
same abbreviations every time.

Record ALL Disease Episodes 
For health records to be an accurate reflection of 
true disease in the herd all cases that are identified 

must be recorded. Often the motivation to keep 
records is based on management of the individual 
cow and avoidance of antibiotic residues. Thus, 
the focus is on recording treatments. It is logical 
that disease episodes not treated may not get 
recorded. Everyone involved in the process needs 
to share the same goals of recording and 
understand the objectives. When the goal of 
recording is to monitor health management at the 
individual cow and herd-level, with the 
objectives of assessing prevention and 
therapeutic efficacy, value of recording all 
episodes regardless of treatment or severity is 
more apparent. 

Mastitis and diseases causing lameness are 
usually managed at the quarter and limb rather 
than cow-level, thus, they should be recorded at 
the “lesion location” level for outcomes 
assessment. For example a cow may have clinical 
mastitis in the right front quarter that cultures 
gram negative and gets no treatment and in the 
left rear quarter that cultures gram positive and 
receives intra-mammary treatment. In this 
example it is usually not possible to fit all that 
information in a single cow-level disease event. 
Even if culture information isn’t available and 
both quarters get the same treatment, the 
outcomes of each quarter should be evaluated 
separately.  

Common reasons that disease episodes are not 
recorded should be specifically addressed in data 
recording protocols and routinely monitored for 
compliance. 

No antimicrobial treatment was given. No 
treatment is a therapeutic decision. The episode 
should still be recorded as “No Treatment.” 
Always differentiate between a “No Treat” with 
the intent of keeping the cow (e.g., NT for No 
Treat) and one where the intent is to immediately 
sell the cow (e.g., BF for Beef). This distinction 
is important when evaluating removal as an 
outcome of a decision not to treat. Those not 
treated because they were to be sold should not 
be included when evaluating removal as the 
outcome of the decision not to treat. 

The cow was sold or died and the disease was 
recorded as the reason. It is good to record 

http://www.goodhealthrecords.com/
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consistent removal reasons, however, the disease 
episode should still be recorded for accurate 
calculation of disease incidence. 
Decision to stop milking a quarter. Often this is 
recorded as a separate event (e.g., 3TEAT).This 
is a treatment decision, however, and should be 
recorded as a treatment in the mastitis record for 
that episode. 

Cow level recording of mastitis and diseases 
causing lameness. When multiple quarters or 
limbs are affected at the same time, limited space 
to record data can result in loss of lesion location 
specific information. The lesion location should 
always be recorded as a separate disease event to 
allow accurate assessment of outcomes of each 
disease episode. 

Use a Single, Specific Event to Record Clinical 
Disease Episodes 
Disease episodes should be recorded using a 
single, specific event (e.g., MAST, METR) to 
provide an accurate count of disease incidence. 
Common situations where a different event 
should be recorded should be specifically 
addressed in health data recording protocols to 
avoid inflation of disease incidence. 

Retreatment or daily treatment of the same 
disease episode should be recorded as different 
events (e.g., REMAST and DLYMST). This 
allows for accurate counts of clinical disease 
episodes and the proportion that resulted in 
retreatment (a measure of therapeutic efficacy). 

Mass medication or treatment of cows with 
subclinical disease should also be recorded as 
different events. Many operations commonly use 
the disease event to record mass medication that 
substantially inflates disease incidence (e.g., 
PNEU used to record metaphylaxis of a high risk 
group of calves). Dairy cows treated because of a 
high SCC or positive fresh culture but no clinical 
disease should be recorded as a different event 
(e.g., HISCC or FCULT), respectively. 

Recording multiple disease events to capture all 
information. Given space limitations in 
management software, multiple disease events 
are typically recorded to capture all treatment 
information. This most commonly occurs in 

animals with severe disease that receive 
supportive care as well as antimicrobials. There 
are two recommendations to avoid this situation. 
One is to record a treatment protocol that defines 
all treatments elsewhere (i.e., PNEU3 – severe 
pneumonia: antimicrobial, anti-inflammatory, 
oral electrolytes). The other is to record 
antimicrobial treatments and lesion location 
where applicable in the disease event and 
supportive care in a separate event (i.e., 
PNEUTX). 

Recording diseases causing lameness. It is 
important to recognize that lameness is not a 
disease, it is a sign of multiple diseases. Thus 
each disease causing lameness should be 
recorded as a separate disease event (e.g., foot rot 
[FROT], hairy wart [HWART], sole abscess 
[SABCS], or sole ulcer [SULCER]) with the limb 
and treatment recorded for each event. If all 
diseases causing lameness are recorded as a 
single event (e.g., LAME), the disease causing 
lameness should be recorded in that event along 
with the limb affected and treatment.  

Record Consistent Event Remarks 
Consistency is critical for “computer friendly” 
records that can be efficiently summarized and 
analyzed to provide understanding needed to 
evaluate effectively health management. 
Protocols for disease records should specify the 
information that will be recorded for all disease 
episodes. At a minimum, treatment and lesion 
location (if applicable) should be recorded to 
evaluate effectively outcomes of a disease 
episode. Consistent abbreviations should be used. 
Two character abbreviations are recommended as 
they are the easiest to interpret while maximizing 
the information recorded when space is limited 
(Figure 2). Finally, each record should have the 
information in the same order so it can be parsed 
out by computer software applications. An 
example for mastitis would be: Treatment as two 
characters (TX), followed by quarter as two 
characters (QQ) (e.g., TXQQ). 

Functions in management software should be 
utilized to foster consistency of health records. 
Default event remarks can be set using the 
“Protocols” function of DairyComp Entries into 
the HthDiag field of DHI-Plus (Amelicor, Provo, 



The Dairy Cattle Reproduction Council does not support one product over another. 
Any mention herein is meant as an example, not an endorsement. 

2020 Dairy Cattle Reproduction Council Conference (virtual) 99 

UT) can be standardized by defining macros. 
Although these functions are available many 
herds may not be implementing them to improve 
data quality. Only 42% of 50 herds using 
DairyComp employed the protocols function 
(Wenz and Giebel, 2012). Lack of knowledge of 
how these functions work may be a reason they 
are not used. Details on their use to improve the 
consistency of health records can be found at 
www.goodhealthrecords.com. 

Figure 2. Alternative ways to record variable 
character abbreviations to maintain consistency 
that allows data parsing by computer. (A) Quarter 
with variable character number at end and (B) 
Use of delimiter (“.”) to separate variables and 
consistent character number abbreviations. 
Dashed vertical lines denote where the data will 
be parsed. In (A), “fixed width” parsing can be 
accomplished when the variable character 
information comes at the end. Best practice 
would be to record each quarter episode as 
separate disease events to avoid this situation. 

Common data entry errors leading to inconsistent 
disease records should be specifically addressed 
in data recording protocols to avoid loss of data 
and keep records computer friendly.  

Information is not recorded. When no treatment 
is given there is no perceived need to record 
treatment and often lesion location is not 
recorded either. Quarter or limb affected should 
always be recorded so outcomes of the disease 
episode can be evaluated. As described 
previously, no treatment is a therapeutic decision 
and should be recorded in a way that 
differentiates between episodes not treated with 
the intent of keeping the cow versus immediate 

removal. If information about a disease episode is 
not known a placeholder abbreviation should be 
use to maintain the expected order of the 
information. For example, if a 2-character 
abbreviation is used for treatment, TX could be 
used to fill the space when that information is not 
known. 

Abbreviations with variable number of 
characters. If the character number of 
abbreviations is variable then that information 
should come at the end of the remark where it will 
not disrupt the expected character number and 
order of the information or be separated by a 
delimiter (Figure 2). This often happens when 
quarter or limb is recorded. This can be avoided 
by using 2 characters to record all possible 
multiple lesion location combinations (Table 1). 

Table 1. Two character abbreviations for all 
possible multiple quarter or limb 
combinations1

Quarter or limb Abbreviation 
LF LR RF RR AL 
LF LR BL or LS 
RF RR BR or RS 
LF RF BF 
LR RR BH 
LF RR LX 
RF LR RX 

3 quarters or 
limbs 

Reverse the letters of the 
unaffected quarter using 
HR for RR (e.g., all but 
LF would be FL) 

1Abbreviations LS or RS indicate Left or 
Right Side. 

Variation in the digits recorded for numbers. 
For example, the pen number in which a cow was 
located when identified with disease should be 
recorded as 03 rather than 3. 

Extraneous information not specified in 
protocol is recorded. This is a clear indication 
that the data entry protocol is not being followed. 
For example, the protocol is to record treatment 
and quarter for clinical mastitis (TXQQ), but 
ECOLI, MYCO, BEEF, or CULL is recorded.  

http://www.goodhealthrecords.com/
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In summary, the goals of health data management 
protocols are to have accurate, consistent health 
records that can be efficiently analyzed to 
generate actionable information (i.e., computer 
friendly). Such “Good” health records support 
both strategic and tactical management as well as 
residue avoidance functions. The focus should be 
on recording disease episodes and their 
management rather than just treatments. 

Are Those Numbers Different? 
An important part of using transition records for 
decision making is comparing numbers and 
determining the strength of evidence that they are 
really different. Values may be numerically 
different, but the important question is “How sure 
are you the difference observed between the two 
groups is real”?  

This question is answered by doing a statistical 
test comparing the two numbers. Below are steps 
I recommend for comparing two numbers (e.g., 
% fresh cows with metritis grouped with or 
without retained placenta). Note: if you know 
statistics, you will recognize that some of what I 
propose hereafter is not technically accurate. But 
is gets veterinarians and dairy producers to the 
right place with less confusion and fewer errors 
(i.e., thinking there is a real difference when is no 
difference). 

Determine if the magnitude of the numerical 
difference is something you care about. If it is, 
then run the statistical test to determine how sure 
you can be that the percentages really differ. Too 
often people take action ONLY based on the 
magnitude of the difference when the strength of 
the evidence is weak. This can lead to a loss of 
credibility as a trusted advisor. If the difference 
observed was not real, then your recommended 
intervention may not have any impact. Usually, 
this is true when the difference that matters is 
small, the number of observations is relatively 
small, or both. The more observations, the more 
power to find smaller true differences. 

Determine the strength of evidence the 
numerical difference is real. Run a statistical 
test. Compare proportions with a Fisher’s Exact 
or chi square test and averages with a t test (both 

available at www.graphpad.com/quickcalcs). For 
the percentage of metritis by retained placenta 
example, the 2 x 2 contingency table option is 
selected to do a Fisher’s Exact or chi square test 
and get a P value. 
https://www.graphpad.com/quickcalcs/contingen
cy1/ 

Use the P value to determine the probability that 
the values really differ from one another. For 
example, if P < 0.05, that means the probability 
of differences between two averages or two 
percentages resulting from chance is less than 
5%. I like subtracting the P value from 1, then 
multiplying by 100. This allows one to know 
“how sure” the two values really differ from one 
another. In the metritis example, I would report 
the results to clients like this: “Metritis was about 
7 times greater (58%) when cows had a retained 
placenta than when they didn’t (8.1%), (P = 
0.0001 or 1 minus 0.0001 = 99.99% sure). 

How sure do you need to be? The “magic” 
probability value most people recognize is P < 
0.05 (at least 95% certain the values differ). But 
there is no magic P value. How sure you need to 
be (how small the P value) depends on the 
consequences of being wrong. When publishing a 
scientific paper one needs to be at least 95% sure, 
so the reader can be confident of the differences 
reported. But if you are making management 
decisions or recommendations to a client, maybe 
you only need to be 80 or 90% sure (P = 0.20 or 
P = 0.10), respectively 

Never conclude “there was no difference” when 
the P value is large (> 0.20). All you can say is 
you failed to observe a difference. The ability to 
find a difference that truly exists depends on the 
“statistical power” you have and that power is 
determined by the size of the difference you want 
to detect, the amount of variation in the outcome 
variable, and the number of observations (sample 
size). You gain power with statistical tests to 
detect differences by increasing the sample size. 
Often, failure to observe a true difference that 
exists is because the sample size is too small (not 
representative of all the cows in your herd). This 
error (Type II) can be just as costly as an error 
saying there is a difference when there really is 
not (Type I error). A general thumb rule is to have 

http://www.graphpad.com/quickcalcs
https://www.graphpad.com/quickcalcs/contingency1/
https://www.graphpad.com/quickcalcs/contingency1/
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at least 20 total observations with no cell in the 2 
x 2 table with less than 5 observations. 
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TAKE HOME MESSAGES 
• Create a culture focused on people to foster employee development.
• Focus on coaching with real-time feedback for employees to learn through experiences.
• Provide training accessible for onboarding, upskilling, and reskilling.
• Establish programs to generate a talent pipeline.

INTRODUCTION 
To achieve superior performance on dairies, it is 
imperative to assemble the best team of people. 
These individuals forming the management team 
of owners, employees, and consulting partners 
should be goal-focused leaders with 
complementary skills. Each dairy needs to ensure 
the unique expertise of these leaders is transferred 
to future leaders to remain competitive and 
sustain results. 

To prepare tomorrow’s leaders today, dairies and 
industry organizations must work together to 
drive employee development. Dairies should 
clearly define expectations of service providers, 
and their partner companies should deliver highly 
trained professionals to respond to those needs. 
Both parties play a role in training, coaching, and 
developing their people that ultimately sit 
together at the management table. 

WHAT DOES THE FUTURE 
WORKFORCE LOOK LIKE? 

More than 1 of 3 American labor force 
participants (35%) are Millennials, making them 
the largest generation in the U.S. labor force (Fry, 
2018). Fry defined this generation as those born 
between 1981 and 1996. 

Millennials have been characterized as 
technologically savvy, passionate to learn, 
adaptable to change, intrinsically motivated, 
validation-seekers, and a generation that values 
diversity. Dairies and dairy businesses can create 
a recipe for employee development with these 
ingredients. 

CREATE A CULTURE FOCUSED ON 
DEVELOPING TALENT 

Employees are attracted to cultures with 
opportunities for growth and development and 
cultures in which they can create impact. More 
than 77% of people say they would consider 
culture before applying for a job, and 79% would 
consider the organization’s mission and purpose 
before applying. Furthermore, more than 50% say 
culture is more important than salary when it 
comes to job satisfaction (Glassdoor Team, 
2019). 

The seeds for talent development are best sown in 
fertile ground. To create and sustain an employee 
development culture, focus must start with top 
level management to define “this is how we do it 
here”. The promise to grow the team cannot just 
be words in an employee manual, web page, or on 
a wall. It takes time, patience, focus, and often 
strategic investments. All managers and leaders 
must commit to modeling behaviors to cultivate 
talent. 

Developing others means creating a culture in 
which employees are empowered to make their 
own decisions, to act, and to fail safely. Managers 
must avoid the temptation to jump in and provide 
support or do things themselves. Employees will 
grow through trial and error discovery processes 
and develop rich skills to become resilient and 
work with autonomy.  

INSTILL A COACHING MINDSET 
Millennials have been immersed into a world 
with everything at their fingertips, stemming 
from technology that provides immediate 

https://about-content.glassdoor.com/app/uploads/sites/2/2019/07/Mission-Culture-Survey-Supplement.pdf
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solutions. They expect the same real-time 
feedback in work settings. They don’t want 
bosses. They want coaches to provide ongoing 
conversations with in-the-moment feedback and 
coaching. They value work that has a purpose and 
makes an impact, and they want to know how 
their contributions align with the business. 

Therefore, it is important to routinely define what 
success looks like in a given role to drive intrinsic 
motivation among this group. This can happen 
through well-written SMART (Specific, 
Measurable, Achievable, Relevant, and Time-
bound) goals that link to the organization’s 
business needs and clearly identified 
competencies that link to the organization’s 
culture. When these are clear, the ingredients for 
a high-performance coaching conversation are in 
place. 

It is not enough, however, to have a discussion 
with employees about goals and competencies 
once a year. To truly develop a coaching culture, 
there must be intentionality and frequent check-
ins. Both the coach and the coachee need to be 
open and committed to this process. 

For the coach, this means they recognize their 
role as a leader, influencer, and people developer 
rather than a manager responsible for directing 
processes and results. Leaders must be committed 
and available to provide in-the-moment feedback 
about behavior, using concrete examples, and 
provide recognition or correction to improve 
work outcomes. 

Great coaching is rooted in asking questions that 
guide and support employees to see their own 
ways forward. There are many coaching models 
available, such as GROW and Situational 
Leadership. The key is to ensure the philosophies 
of these models are aligned with your 
organization and that leadership is committed to 
executing these tools. 

PROVIDE ONGOING ACCESS 
TO TRAINING 

Employees not only want training to perform and 
develop; they expect it. Trainings need to be more 
than events. They require accountability, 
coaching, refreshing, and feedback. Even more, 

great trainings require leadership support that 
empowers employees to apply new skills and 
behaviors. 

Training opportunities exist at many phases of the 
employee lifecycle. It starts with effective 
onboarding to help employees operate both 
productively and confidently, right from the start. 
Training needs resurface as employees upskill to 
expand skills for their current roles or reskill to 
build new skills for new roles. It is management’s 
job to make the right training accessible for 
employees to build their capacity to contribute 
more to the organization. 

If you are creating or outsourcing a training 
program, it is imperative to define clearly why 
you are training to create sustained results. Some 
additional factors to evaluate before you train: 
• What business need does this training

support?
• Who is my intended audience for this

training?
• What are the intended behaviors or skills

we will see developed through this
training?

• How will we measure success of this
training (inspect what you expect)?

Once the training objectives, outcomes, and 
audiences are clear, there are various ways to get 
to the desired outcome through both live and 
online resources. When it comes to managing 
training, having an online learning system to 
track, deliver, and refresh on training provides 
insurance for compliance training and 
accessibility for employees. 

BUILD YOUR TALENT PIPELINE 
As an industry, one of our greatest threats is 
attracting and retaining quality talent. We need to 
get serious about building our talent pipeline. In 
Good to Great (Collins, 2001), Jim Collins 
compares a business to a bus and the leader as a 
bus driver. Great organizations live by the “First 
Who, Then What” philosophy. They must first 
get the right people on the bus, get the wrong 
people off the bus, get the right people in the right 
seats on the bus, and then decide where the bus is 
going (Collins, 2001). 
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Dairies and industry companies must remain 
diligent to invest proactively in internships and 
other innovative programs to create new crops of 
employees. Internship programs create ways to 
test-drive talent for your business and evaluate 
their potential fit. 

When selecting interns, use the “first who, then 
what” approach. Hire the best and utilize them as 
the best. This means treating them as full-time 
team members by creating challenging goals and 
projects that impact the business and coaching 
them to achieve. 

CONCLUSION 
Developing employees is like developing a herd 
of cows; we must create the ideal environment to 
allow for optimal performance. We also need to 
invest in the next generation to yield a high-
performance herd for the future. When these 
come together, great leaders will emerge in our 
industry.   

REFERENCES 
Collins, J. C. 2001. Good to Great: Why Some 

Companies Make the Leap and Others Don’t. 
Harper Business, New York. 

Fry, C. 2018. Millennials are the largest 
generation in the U.S. labor force. 

https://www.pewresearch.org/fact-
tank/2018/04/11/millennials-largest-
generation-us-labor-
force/#:~:text=Millennials%20are%20the%2
0largest%20generation%20in%20the%20U.
S.%20labor%20force&text=More%20than%
20one%2Din%2Dthree,of%20U.S.%20Cens
us%20Bureau%20data. Accessed 14 
September 2020.  

Glassdoor Team. 2019. New Survey: Company 
Mission & Culture Matter More Than Salary. 
November 2019. 
https://www.glassdoor.co.uk/blog/mission-
culture-survey/. Accessed 2 September 2020. 

https://www.pewresearch.org/fact-tank/2018/04/11/millennials-largest-generation-us-labor-force/#:%7E:text=Millennials%20are%20the%20largest%20generation%20in%20the%20U.S.%20labor%20force&text=More%20than%20one%2Din%2Dthree,of%20U.S.%20Census%20Bureau%20data
https://www.pewresearch.org/fact-tank/2018/04/11/millennials-largest-generation-us-labor-force/#:%7E:text=Millennials%20are%20the%20largest%20generation%20in%20the%20U.S.%20labor%20force&text=More%20than%20one%2Din%2Dthree,of%20U.S.%20Census%20Bureau%20data
https://www.pewresearch.org/fact-tank/2018/04/11/millennials-largest-generation-us-labor-force/#:%7E:text=Millennials%20are%20the%20largest%20generation%20in%20the%20U.S.%20labor%20force&text=More%20than%20one%2Din%2Dthree,of%20U.S.%20Census%20Bureau%20data
https://www.pewresearch.org/fact-tank/2018/04/11/millennials-largest-generation-us-labor-force/#:%7E:text=Millennials%20are%20the%20largest%20generation%20in%20the%20U.S.%20labor%20force&text=More%20than%20one%2Din%2Dthree,of%20U.S.%20Census%20Bureau%20data
https://www.pewresearch.org/fact-tank/2018/04/11/millennials-largest-generation-us-labor-force/#:%7E:text=Millennials%20are%20the%20largest%20generation%20in%20the%20U.S.%20labor%20force&text=More%20than%20one%2Din%2Dthree,of%20U.S.%20Census%20Bureau%20data
https://www.pewresearch.org/fact-tank/2018/04/11/millennials-largest-generation-us-labor-force/#:%7E:text=Millennials%20are%20the%20largest%20generation%20in%20the%20U.S.%20labor%20force&text=More%20than%20one%2Din%2Dthree,of%20U.S.%20Census%20Bureau%20data
https://www.pewresearch.org/fact-tank/2018/04/11/millennials-largest-generation-us-labor-force/#:%7E:text=Millennials%20are%20the%20largest%20generation%20in%20the%20U.S.%20labor%20force&text=More%20than%20one%2Din%2Dthree,of%20U.S.%20Census%20Bureau%20data
https://www.pewresearch.org/fact-tank/2018/04/11/millennials-largest-generation-us-labor-force/#:%7E:text=Millennials%20are%20the%20largest%20generation%20in%20the%20U.S.%20labor%20force&text=More%20than%20one%2Din%2Dthree,of%20U.S.%20Census%20Bureau%20data
https://www.glassdoor.co.uk/blog/mission-culture-survey/
https://www.glassdoor.co.uk/blog/mission-culture-survey/


All trademarks are the property of Zoetis Services LLC or  
a related company or a licensor unless otherwise noted. 

© 2020 Zoetis Services LLC. All rights reserved. CLR-00214R1
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allowing producers to have the unprecedented ability to choose and plan for 
a healthier and more profitable herd.

To learn how CLARIFIDE Plus can help make your life easier by selecting 
heifers to help build a healthier herd, contact your Zoetis representative or 
visit CLARIFIDEPlus.com. 

CLARIFIDEPlus.com
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DAIRY WELLNESS MAKES A DIFFERENCE™

Values are representative of possible economic values related to 
Holstein cattle with CLARIFIDE Plus. Higher values are desired.
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