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ABSTRACT 
 

Effect of Pre-partum Recombinant Bovine Somatotropin Administration on Health 
and Performance and Estimates on the Cost of Ketosis, its Prevention and 

Treatment in Lactating Dairy Cows 
 
 
 

Khaled Gohary                                                                       Advisor: 
University of Guelph, 2013                                                    Dr. Todd F. Duffield 

 
This thesis describes an evaluation of the impact of administering recombinant bovine 

somatotropin (rbST) before calving on health, milk production, reproductive performance 

and dry matter intake (DMI) of lactating dairy cows. In addition, this thesis includes an 

evaluation of the cost of subclinical ketosis (SCK), economic value of using Rumensin® 

Controlled Release Capsules (CRC) for disease prevention and the economic value of 

using propylene glycol (PG) for treatment of SCK after being diagnosed with different 

cow-side tests. One randomized clinical trial was conducted on 4 commercial dairy herds 

in Southern Ontario and at the University of Guelph where rbST was administered every 

other week starting at 28-22 days before calving until cows calved. The key finding of 

this study was that pre-partum rbST administration had no significant clinical impact on 

health and performance of dairy cows after calving. A spreadsheet was constructed to 

perform the economic analysis of ketosis cost and treatment. It was estimated that one 

case of SCK can cost up to $350. The economic value of using CRC to reduce ketosis 

depends on the prevalence of ketosis-related diseases in a herd. Using a cow-side test 

with high sensitivity and specificity to diagnose SCK pays off through minimizing the 

losses by classifying fewer cows as false negatives and therefore treating more sick cows 



 

 

and mitigating the negative impact of SCK. Results presented in this thesis highlight the 

insufficiency of rbST administration in the pre-partum period only, to improve health in 

the transition period and to improve cow performance after calving. Results of an 

economic analysis highlight the high cost impact of SCK and the importance of reducing 

its incidence through implementing management during the transition period.
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INTRODUCTION  

The transition period that is defined as the 3 weeks prior and following calving 

(Grummer, 1995) is a critical period in the lactation cycle of a dairy cow. During this 

phase cows start to experience a decrease in dry matter intake (DMI) (Bertics et al., 1992) 

that reaches its nadir at calving and then gradually increases until peaking at 10 to 12 

weeks after calving (Radostits, 2001). The peak in DMI is preceded by the peak in milk 

production at 7 to 9 weeks following calving resulting in a period of negative energy 

balance (NEB) that cows respond to by mobilizing their body fat to meet the energy 

requirements, resulting in an increase in blood ketones (Herdt, 2000). In addition, the 

period of NEB is associated with a depression in the immune function (Goff, 2006). As a 

result, almost half of the cows in this phase are affected by infectious or metabolic 

diseases (LeBlanc, 2010) that may affect their well-being in addition to the profitability 

of the dairy enterprise.  

There are many management approaches that can help mitigate the effects of 

NEB. These approaches include proper nutrition of close-up cows, providing well 

designed and clean stalls with appropriate bunk space, in addition to implementing a 

monitoring program for early disease detection and treatment. Detailed information on 

these aspects of transition cow health can be found elsewhere (Cook, 2009, LeBlanc, 

2010, Oetzel, 2004, Overton and Waldron, 2004).  Recently, rbST administered during 

the transition period has been shown reduce disease (Gulay et al., 2007), improve energy 

metabolism (Putnam et al., 1999, Schneider et al., 2012) and increase milk production 

(Gulay et al., 2004b, Putnam et al., 1999, Schneider et al., 2012). This review addresses 

bovine somatotropin with its different effects when administered in the pre and post-
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partum period on health, energy metabolism and biology of dairy cattle, in addition to 

summarizing different effects of hyperketonemia on health and performance of dairy 

cows and the impact of using ionophores to help reduce disease after calving and using 

propylene glycol to treat subclinical ketosis.       

LITERATURE REVIEW 

Recombinant bovine somatotropin 

Background 

 Somatotropin or growth hormone (GH) are terms that can be used 

interchangeably. Growth hormone is a protein hormone produced by the anterior pituitary 

gland which is located at the base of the brain. Growth hormone secretion from the 

anterior pituitary is under the control of hypothalamic hormones; the GH-releasing 

hormone (Ling et al., 1984, Spiess et al., 1983) which stimulates the release of GH and 

somatostatin (Brazeau et al., 1973) which inhibits the release of GH. After being 

produced by the anterior pituitary, GH is transmitted to target organs through blood 

where it can exert a biological action (Bauman, 1992). Recombinant bovine somatotropin 

differs chemically from naturally existent bovine somatotropin by having up to 8 more 

amino acids; the number of extra amino acids varies by the differences in the 

manufacturing process (Juskevich and Guyer, 1990). The change in structure of rbST 

from natural bovine somatotropin has no effect on biological activity as the active part in 

the molecule is not changed and therefore the molecule can still bind to cell receptors and 

exert an action (Wallis, 1975). 
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Mechanism of action 

Early researchers thought that the mechanism of action of bovine somatotropin 

was based on acute mobilization of body fat and therefore only low producing fat cows 

were included in research experiments (Bauman, 1992). This theory was then followed 

by another concept that somatotropin has a role in regulation of nutrient use, and different 

research groups (Bauman et al., 1989, Peel and Bauman, 1987, Vernon, 1987) found that 

GH is involved in coordination of metabolism in different organs so that nutrients are 

shifted towards more milk synthesis. The coordination of nutrient shift is either through a 

direct action of GH on tissues and organs (adipose tissue, liver) or indirectly mediated 

through somatomedins as insulin growth factor-I (IGF-I) on tissues such as the mammary 

gland (Bauman, 1992). Insulin growth factor-I increases as a result of stimulating IGF-I 

gene transcription in the liver by somatotropin (Le Roith et al., 2001). When rbST is first 

administered, milk increase is immediate while the increase in feed intake as an adaptive 

process takes a longer time and there appears to be an importance of coordination of 

nutrient shift, otherwise the cows will go through imbalances and metabolic disorders 

(Bauman, 1999). Insulin growth factor-I concentrations increase about 5-7 hours after an 

rbST injection and peak after about 2 days and reach a steady concentration after 3 days 

(Cohick et al., 1989). Milk production starts to increase 24 hours after an rbST injection 

and peaks after 6 days (Bauman and Vernon, 1993, Cohick et al., 1989). 

Effect on different body systems 

Somatotropin has many actions on different body systems; for instance, its effect 

on the mammary gland will lead to an increase in uptake of milk precursors by the 
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mammary gland and at the same time other body organs and systems will adapt 

metabolically so that nutrients will be shifted to milk synthesis (Bauman, 1992). As a 

result, milk yield will increase because of the extra nutrients supplied to the mammary 

gland (Peel and Bauman, 1987), which in turn will result in an increase in cardiac output 

and blood flow supplying the mammary gland (Davis et al., 1983). As milk yield 

increases it was suggested that the capacity of milk synthesis per cell increases and there 

will be more mammary epithelial cells in the long run (Bauman and Vernon, 1993). Milk 

produced with rbST treatment will have almost the same composition and manufacturing 

properties as milk produced from non-rbST treated cows (Bauman, 1992). As a result of 

the milk increase there will be an increase in feed intake which will be concurrent with 

better feed conversion for milk production (Peel and Bauman, 1987). 

With respect to glucose metabolism; somatotropin results in an increase in 

gluconeogenesis in the liver and mobilization of glucose reserves to increase circulating 

glucose concentrations; in addition, somatotropin results in a decrease of glucose 

oxidation (Peel and Bauman, 1987). One important action of somatotropin is decreasing 

the inhibitory effect of insulin on glucose synthesis in the liver and it also decreases the 

action of insulin on peripheral tissues to take up glucose. As a result glucose will be 

readily available for the mammary gland for milk production (Bauman, 1992).   

The action of somatotropin on adipose tissue depends on the energy status of the 

cow; if in NEB, somatotropin will enhance fat mobilization. This effect is manifested by 

a decrease in subcutaneous fat, an increase in non-esterified fatty acid (NEFA) blood 

concentrations and oxidation in addition to an increase in milk fat percent (Bauman, 

1992, Peel and Bauman, 1987). All changes combined will lead to sparing of glucose for 
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milk synthesis. On the other hand, if the cow is in positive energy balance, somatotropin 

will decrease lipogenesis with no change in milk and body fat composition (Bauman, 

1992). Somatotropin also decreases the lipogenic effect of insulin and enhances the 

lipolytic effect of catecholamines (Bauman, 1992). 

Somatotropin also has an action on bones; it stimulates chondrocyte and 

osteoblast proliferation and bone deposition. It also has an effect on the immune function 

by stimulating B and T-cells proliferation and enhances the action of macrophages, 

neutrophils and natural killer cells (Le Roith et al., 2001). 

Effects of somatotropin on reproduction are variable. A meta-analysis (Dohoo et 

al., 2003a) of 5 studies included in the analysis showed that using rbST increased the risk 

of cystic ovarian disease by 25% but the difference was not statistically significant (P= 

0.11). Seven studies showed that using rbST had no effect on services per conception. 

Nine studies included demonstrated that using rbST increased days open slightly (5 days) 

but this increase was statistically significant (P= 0.01). Regarding twinning, only 3 

studies were eligible to be included in the meta-analysis; one study showed a decrease in 

twinning risk in primiparous cows and an increase in multiparous cows but none of the 

rbST effects on twins were statistically significant (Collier, 1996). Another study showed 

an increase in the risk of twins in both primiparous and multiparous cows with only the 

latter being significant (Bauman et al., 1987). To evaluate the risk of non-pregnancy 10 

studies were included and the cows within these studies were followed for 130 to 400 

days or until lactation ended. The results showed that the risk ratio for non-pregnancy 

was 1.4 meaning that there is a 40% increase in the risk of non-pregnancy in rbST-treated 

cows. Both somatotropin and IGF-I have an impact on corpus luteum differentiation and 
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development (Lucy et al., 1994) resulting in higher levels of blood progesterone in 

heifers when treated with rbST. Another study reported that there was a decrease in 

progesterone levels in lactating dairy cows after rbST treatment (Bilby et al., 2006). This 

result could be due to increased feed intake and milk production and subsequent increase 

in progesterone breakdown due to an increased liver blood flow (Sangsritavong et al., 

2002). Somatotropin also increased cleavage on day 3 when added to the maturation 

medium of bovine embryos (Moreira et al., 2002) resulting in well-developed embryos 

which in turn would be expected to secrete sufficient amounts of interferon tau to in the 

inhibit the luteolytic mechanism (Mann and Lamming, 2001). 

Effect of rbST when administered only in the pre-partum period 

There is no abundance of literature studying the effect of rbST on dairy cattle 

when administered before calving. All studies had 31 to 135 cows or heifers enrolled. 

Most studies administered 500 mg of rbST every 2 weeks starting approximately 1 month 

before calving (Michelone et al., 1999, Putnam et al., 1999, Schneider et al., 2012, 

Vallimont et al., 2001), while other studies had variable doses of rbST and started at 

different times before calving. For example, one study administered rbST daily with a 

dose of either 5 or 14 mg starting at around 46 days before calving (Simmons et al., 

1994), while another study using heifers administered rbST daily with doses of 20 or 40 

mg starting at 84 days before calving (Stelwagen et al., 1992), and a third study 

administered only one dose of 640 mg of rbST one week before calving (Law et al., 

1994).   
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Results from the above mentioned studies were variable. Two studies found no 

difference in incidence of mastitis (Simmons et al., 1994, Vallimont et al., 2001) while 

one study reported an increase in somatic cell count and mastitis incidence (Stelwagen et 

al., 1992) and another showed a numerical decrease in mastitis incidence (Putnam et al., 

1999). While some of the studies reported no difference in NEFA concentrations between 

treated and control cows (Michelone et al., 1999, Simmons et al., 1994, Vallimont et al., 

2001) others reported a decrease in NEFA for treated cows (Putnam et al., 1999, 

Schneider et al., 2012). The same variation was observed in milk production; some 

studies showed an increase in milk yield for treated cows (Putnam et al., 1999, Schneider 

et al., 2012, Stelwagen et al., 1992) while others showed no difference between treated 

and control cows (Michelone et al., 1999, Simmons et al., 1994, Vallimont et al., 2001). 

It was consistent among all studies that measured dry matter intake and body condition 

score that these measures did not differ between rbST-treated cows and control cows 

(Michelone et al., 1999, Putnam et al., 1999, Simmons et al., 1994, Vallimont et al., 

2001). Only 2 studies reported results on reproduction (Schneider et al., 2012, Simmons 

et al., 1994). The first study reported that heifers treated pre-partum with rbST were more 

likely to resume cyclic activity following calving than control heifers, and experienced an 

increase in ovulation in the first follicular wave but no difference in pregnancy rates 

(Schneider et al., 2012). The authors found that pre-partum IGF-I, insulin were higher 

and blood NEFA was lower for treated heifers where they could impact cyclic activity 

after calving. The second study found that reproductive parameters were similar between 

treated and control cows including the return to estrus following calving (Simmons et al., 

1994). 



9 

 

Effect of rbST when administered in the pre and post-partum period 

  In some of the studies that investigated the effect of administering rbST during 

the transition period, treatment was initiated in the close-up period and continued through 

early lactation. The number of cows enrolled in these studies ranged from 23 to 437. In 

most studies rbST was administered with a dose of less than 150 mg every 2 weeks 

starting at 21 days prior to calving until 42 or 63 days in milk (DIM) (Gulay et al., 2004b, 

Gulay et al., 2003, Gulay et al., 2007, Liboni et al., 2008). Other studies were consistent 

considering the time when treatments were initiated (approximately 1 month before 

calving), but had variable times when the last treatment was administered, in addition to 

using variable doses of rbST. For example, one study enrolled 25 cows that were 

allocated to one of 4 groups to receive 0 mg, 71.4 mg, 143 mg or 214 mg of rbST every 

other week starting at 28 days before calving until 56 days following calving (Gulay et 

al., 2004a). In another study that enrolled Jersey cows 500 mg of rbST was administered 

every 2 weeks from 28 days prior to the expected calving date until 14 DIM (Eppard et 

al., 1996). In a third study, treated cows received 6 mg of rbST daily from 21 days before 

calving to 65 days following calving (Garcia-Gavidia et al., 2000).  

 Results of these transition cow rbST studies were variable. Only a few of these 

studies reported disease incidence. One report that included 437 cows from 3 studies 

found no difference in the incidence of metritis, retained placenta, milk fever and 

displaced abomasum between rbST-treated and control cows but found that the incidence 

of mastitis and ketosis was lower for treated cows (Gulay et al., 2007). Eppard and co-

workers (1996) agreed with the previous study in some of the findings and did not find a 

difference between treated and control cows in terms of milk fever or ketosis. They also 
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reported a reduction in mastitis but this was not significant (Eppard et al., 1996). 

Regarding somatic cell counts two studies found no difference between treated and 

control cows (Eppard et al., 1996, Liboni et al., 2008) while one reported a reduction for 

treated cows (Gulay et al., 2004b) and another study reported a numerical reduction for 

cows treated with 143 mg or 214 mg of rbST compared to cows receiving 71.4 mg or not 

receiving any (Gulay et al., 2004a). Considering energy metabolism two studies showed 

no difference in NEFA and glucose concentrations between treated and control cows 

(Gulay et al., 2004a, Gulay et al., 2004b). Another study found a numerical increase in 

NEFA concentrations in the pre-partum period and a significant increase after calving but 

there was no difference in glucose concentrations (Gulay et al., 2003). Milk production in 

most studies increased, whether numerically or significantly (Gulay et al., 2004a, Gulay 

et al., 2004b, Gulay et al., 2003). One study showed no difference in milk production 

(Garcia-Gavidia et al., 2000) while another showed a decrease in milk production 

(Eppard et al., 1996). Dry matter intake was not changed in most studies (Eppard et al., 

1996, Garcia-Gavidia et al., 2000, Gulay et al., 2004b) but increased in the post-partum 

period for cows treated with 214 mg of rbST (Gulay et al., 2004a).    

Hyperketonemia 

Definition 

Defining or classifying ketosis across the years has been attempted. These 

definitions change by the knowledge gained about the disease through research and trials 

that were performed. One of the early attempts was to classify ketosis into primary and 

secondary (Baird, 1982, Foster, 1988). Primary ketosis results from a reduction in dry 
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matter intake and an increase in milk production that can lead to decreased blood glucose 

concentrations with an increase in fat mobilization and circulating NEFA (Baird, 1982), 

while secondary ketosis can develop because of inappetence associated with other disease 

conditions (Foster, 1988). Holtenius and Holtenius (1996) classified ketosis into type I 

and type II; Type I ketosis is characterized by a state of hypoglycemia and 

hypoinsulinemia. This type of ketosis occurs at 3 to 6 weeks following calving which is a 

time that coincides with an increase in milk production and a depression in feed intake. 

Type II ketosis is associated with overfeeding during the dry period, occurs in early 

lactation and is characterized by a state of hyperglycemia and hyperinsulinemia. This 

type can eventually result in the development of fatty liver (Holtenius and Holtenius, 

1996). Another classification system is to classify ketosis into clinical and subclinical. 

Clinical ketosis could be defined as a cow experiencing a drop in feed intake and/or milk 

production with concurrent high milk, urine or breath ketones without evidence of the 

presence of other diseases (Kelton et al., 1998, LeBlanc et al., 2002) while subclinical 

ketosis is a condition where a cow experiences high levels of blood ketones and low 

levels of glucose without showing clinical signs of ketosis (Andersson, 1988). Most 

recently the term hyperketonemia has been used (Duffield et al., 2009, McArt et al., 

2013). Hyperketonemia basically classifies ketosis by measuring blood, urine or milk 

ketones rather than only depending on clinical signs.               

Epidemiology 

The increased interest in studying ketosis in addition to the improvement of 

diagnostic tools, study designs and increased number of cows enrolled in clinical trials 

have enhanced our understanding about the epidemiology of subclinical ketosis (SCK). 
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Initially it was thought that the peak prevalence of SCK is around the fourth week after 

calving (Andersson, 1988), but more recent research showed that SCK is most prevalent 

within the first 2 weeks after calving (Duffield et al., 2009) and in another recent study 

the peak incidence and prevalence were shown to be at 5 days in milk (McArt et al., 

2012a). One third to half of lactating dairy cattle can be affected with infectious or 

metabolic diseases during the transition period (LeBlanc, 2010). Ketosis or 

hyperketonemia is one of these diseases. It is widespread throughout the world whether in 

the clinical or subclinical form (Al-Rawashdeh, 1999, Chapinal et al., 2011, Sakha et al., 

2007, Whitaker and Macrae, 2006, Yameogo et al., 2008) resulting in suboptimal 

performance and economic losses. Incidence and prevalence of ketosis is variable across 

herds and different regions. Al-Rawashdeh (1999) found that the prevalence of mild and 

severe ketosis in Jordanian dairy herds were 22 % and 3.8 % respectively, with a 

decrease in the prevalence as herd size increased. The author of this study argued that the 

decrease in prevalence is because of the better capability of farmers in larger herds in 

addition to having better experience in feeding dairy cows than small dairy producers. It 

is worth mentioning that large herds in this study included 60 or more cows (Al-

Rawashdeh, 1999). Another study done in Senegal (Yameogo et al., 2008) showed that 

clinical ketosis was prevalent at 6.4% and 33.6% for SCK. In one large study conducted 

across Canada and the US, 2365 cows from 10 provinces and states were involved, and 

cows were grouped into Midwest, northeast, southeast and west with incidences of 

clinical ketosis of 10.8 %, 5.6%, 5.8% and 15.5%, respectively, with an overall average 

of 9.4% (Carson, 2008). About 50% more cows from the Midwest than from other 

regions were fat (BCS ≥ 4 on a 5-point scale) (Carson, 2008) and that could be a risk 
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factor for ketosis. The incidence of clinical ketosis was the highest in the west, yet the 

metabolic indicators of energy (NEFA and β-hydroxybutyrate (BHBA)) were best in the 

West compared to other regions. Herds in the west are large and in one recent survey it 

was found that bigger herds designate maternity pens, group fresh cows together, check 

fresh cows, test for ketosis and record postpartum problems more than small size and 

some medium size dairies do (Heuwieser et al., 2010). These practices in larger herds 

will lead to a higher detection of ketosis and therefore increase the apparent incidence.   

Risk factors 

As a physiological response to NEB resulting from the decrease in DMI during 

the transition period adipose tissue undergoes mobilization. The ester bond between fatty 

acids and glycerol breaks down and NEFA is released into blood as an energy source to 

be utilized by other tissues. The process of breaking down of triglycerides is called 

lipolysis (Herdt, 2000). There are two fates for NEFA when they reach the liver; if they 

enter the mitochondria they are oxidized completely to Acetyl CoA or incompletely to 

form ketone bodies that gain access to blood, and if they do not enter the mitochondria 

they are re-esterified to form triglycerides which are slowly exported to blood by being 

incorporated in very low density lipoproteins and then used as a source of energy by 

other tissues or used for milk fat synthesis in the udder tissue (Herdt, 2000).  

There are many risk factors that can influence the incidence of subclinical ketosis. 

Different herds with different management systems can experience quite variable 

incidences of SCK. A recent study that included 1672 cows from 4 herds found that the 

interaction between herd and older parity was a significant predictor for developing of 
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ketosis at 3-16 DIM while herd only was a significant predictor for developing of ketosis 

at 3-5 DIM (McArt et al., 2013). In accordance with findings by McArt et al. (2013) that 

herd is an important predictor a review reported an incidence range of 8-80% in 25 herds 

(Duffield, 2000), while a recent study from 4 herds in New York and Wisconsin found 

that the incidence of SCK was 26% to 56% with an average of 41% (McArt et al., 2011). 

Other significant predictors identified by McArt and co-workers (2013) for developing 

ketosis at 3-16 DIM and/or 3-5 DIM were higher parity, sex of the newborn (male), 

decrease in calving ease, and stillbirth. The authors attributed the higher risk for 

developing SCK by older cows to higher milk production and the probability that they 

may experience a greater NEB than younger cows. And they explained that cows 

experiencing a calving problem (dystocia and stillbirth) will incur a depression in feed 

intake that can exacerbate the NEB they already experience.  

One factor that can influence BHBA concentrations is the timing of blood sample 

collection. A study that measured serum BHBA from 47 cows in the first week following 

calving at 3 different times relative to the first feeding of the day (-1, 4 and 10 hours) 

found that serum BHBA was significantly higher for samples collected at 10 hours after 

feeding (925 µmol/L) compared to 4 hours after feeding (772 µmol/L) and numerically 

higher compared to 1 hour before feeding (837 µmol/L) (Quiroz-Rocha et al., 2010), but 

the authors did not find a significant difference in the prevalence of SCK (defined as 

serum BHBA ≥ 1400 µmol/L) between the different times relative to feeding.  

Another important factor is barn design and stocking density that both can affect 

feeding behavior and in turn feed intake which will impact ketone bodies in the blood; a 

study that included 36 cows that were assigned to 4 stocking densities (0.81, 0.61, 0.41 
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and 0.21 m/cow that correspond to a stocking percentage of 75, 100, 150 and 300 relative 

to headlocks respectively) and 2 feed barrier systems (post-and-rail and headlocks) found 

a decrease in the time spent at the feed bunk for eating and that cows were displaced 

more frequently from their bunk space as the stocking density increased. The authors also 

found that the time spent at the feed bunk for eating and cow displacement and 

aggression were higher for cows eating through a post-and-rail system compared to 

headlocks (Huzzey et al., 2006). Not only can the feed barrier system but also available 

bunk space affects feed intake and therefore energy intake. Oetzel (2007) recommended 

30 inches (0.76 m) of bunk space/ cow in the fresh cow pen and that cows should be 

stocked at 80% if bunk space is reduced to 24 inches (0.61 m)/ cow (Oetzel, 2007). One 

study found that feeding time, cow displacement and time spent at the feeding area 

without eating were decreased for cows that had a bunk space of 0.92 m/cow compared to 

cows that had a bunk space of 0.64 m/cow (DeVries and von Keyserlingk, 2006). 

 The nature of diets fed to cows can also be considered risk factors. In a review, 

Overton and Waldron (2004) discussed different nutritional strategies and approaches to 

provide enough available energy for cows during the transition period to minimize NEB. 

Also, a Norwegian study found that silages rich in butyric acid resulted in higher blood 

aceto-acetate when fed to first lactation cows (Tveit et al., 1992).  

Body condition at the time of calving is associated with the development of SCK. 

McArt et al. (2013) concluded that calving at a higher body condition was a significant 

risk factor that predicted the development of ketosis. In accordance with this result was 

an older study that found that fat cows that calved at a body condition score (BCS) >3.75 

on a 5-point scale had a higher risk to develop SCK compared to cows that calved in a 
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body score 3.25-3.75 (“fair” condition; OR= 1.58, P= 0.003), while cows with a body 

condition score < 3.25 had lower risk to develop SCK compared to cows in a fair 

condition (OR= 0.67, P= 0.02) (Duffield et al., 1998). The higher amount of fat 

mobilized in fat cows could explain why they are at high risk to develop SCK. McArt et 

al. (2013) demonstrated that cows that had pre-partum serum NEFA ≥ 0.3 mEq/L had a 

higher risk to develop hyperketonemia at 3 to 16 DIM compared to cows with pre-partum 

NEFA < 0.3 mEq/L (RR= 1.9, 95% CI= 1.2-2.9). 

Impact of subclinical ketosis 

Setting a threshold to define SCK was suggested by many studies. In a review by 

Mulligan et al. (2006) they proposed that using a cutoff of 1000 µmol/L for BHBA to 

determine negative energy balance will result in many false positive results (Mulligan et 

al., 2006). In another review by Oetzel (2004) a proposed cutoff to diagnose SCK was 

blood BHBA ≥ 1400 µmol/L and ≥ 3000 µmol/L or more for clinical ketosis. Oetzel 

(2004) also suggested using 10% as a critical prevalence to flag a herd problem in herd 

monitoring programs (Oetzel, 2004). Duffield et al. (2009) suggested that subclinical 

ketosis can happen when BHBA levels are more than 1000 µmol/L but some studies have 

used arbitrary thresholds for defining SCK and therefore they proposed that a threshold to 

determine hyperketonemia should be based on the negative impact on production or 

health. In their study they concluded that blood BHBA ≥ 1400 µmol/L can be used as a 

threshold to predict the risk of developing disease in fresh cows (Duffield et al., 2009). 

The same suggestion of occurrence of ketosis at BHBA serum concentration of 10mg/dl 

(961.5 µmol/L) was confirmed by another study (Ospina et al., 2010c). In addition, there 

are several more recent studies that indicate increased risk of other diseases and culling 
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based on different thresholds of BHBA at the individual and herd level (Chapinal et al., 

2011, Chapinal et al., 2012a, Chapinal et al., 2012b, McArt et al., 2012a, Ospina et al., 

2010a, b, c).  

Hyperketonemia can result in many negative impacts on a cow’s performance in 

early lactation. Subclinical ketosis is associated with a drop in milk production that was 

variable across different studies; for example, Duffield et al. (2009) showed that cows 

with SCK will lost 333.7 kg/305 day lactation projected from the 3rd DHI test, while 

Ospina et al. (2010b) found that cows will lose 393 kg/ME 305 lactation at a serum 

BHBA threshold ≥ 10mg/dl and Chapinal et al. (2012a) concluded that milk loss can be 

2.4 kg/day at the 1st DHI test for cows with SCK. The loss in milk production for cows 

with SCK could be explained by the reduction in DMI that these cows experience. In 

addition, SCK is characterized by a higher than normal fat mobilization that is reflected 

by higher blood BHBA than cows without SCK, indicating a poor adaptation to NEB 

during the transition period. This fact was used to explain the finding that cows with low 

concentrations of blood NEFA and BHBA produced less milk compared to cows that had 

moderate elevations of blood NEFA (≥ 0.5 mmol/L in week 1 following calving and 0.7 

mmol/L in week 2 following calving) and BHBA (≥ 800 µmol/L in week 1 and 2 

following calving) in the first 4 DHI test dates (Chapinal et al., 2012a). Based on that 

result the authors concluded that “healthy” fat mobilization might be required to achieve 

high milk production. One possible explanation for why cows with SCK encounter a drop 

in milk production is that higher BHBA is associated with higher disease incidence 

(Chapinal et al., 2011, Duffield et al., 2009, LeBlanc et al., 2005) that can directly impact 

milk production. Thresholds of BHBA associated with loss in milk production found in 
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the studies by Chapinal et al. (2012a) and Ospina et al. (2010b) were within the same 

range associated with disease in the above mentioned studies. Subclinical ketosis is also 

associated with poor reproductive performance (Ospina et al., 2010b, Walsh et al., 

2007b) and results in an increase in days open and a decrease in pregnancy risk. Poor 

reproductive performance can be explained by the impact that NEB can have on 

luteinizing hormone (LH), thus impairing normal ovulation. In addition, estrogen 

production by dominant follicles is reduced because of a joint effect of low blood 

glucose, insulin and IGF-I resulting in an alteration in the process of ovulation as well 

(Butler, 2003). LeBlanc (2012) found that there is a discrepancy in associations of high 

BHBA with uterine disease but one should always consider the complex interrelations 

between NEB and depression in the immune function and their association to uterine 

disease. In addition to drop in milk production and poor reproductive performance, cows 

diagnosed with hyperketonemia are more likely to develop abomasal displacement, 

metritis, retained placenta and clinical ketosis (Chapinal et al., 2011, Duffield et al., 2009, 

Ospina et al., 2010c) and to be culled from a herd (McArt et al., 2012a, Roberts et al., 

2012). 

Immune function and dry matter intake links to SCK   

Not only do cows experience a drop in dry matter intake during the transition 

period but they also experience a depression in the immune function (Goff, 2006). It is 

not clear why immune function is suppressed at this period, but it is suggested that the 

metabolic changes which the cow goes through play a role (Goff, 2006) or it could be a 

result of the rise in cortisol which is a potent immunosuppressive, at the time of calving 

(Goff and Horst, 1997). In addition, the lag in DMI behind production will result in 
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energy, protein and mineral deficiencies which in turn contribute to immune suppression 

(Goff and Horst, 1997). In a recent review about the interaction between uterine health, 

immune function and metabolism during the post-partum period the author concluded 

that high NEFA and to a lesser extent high BHBA are associated with deterioration in 

immune function that is translated into a reduction in neutrophil oxidative burst and 

mononuclear cell (monocyte and lymphocyte) proliferation (LeBlanc, 2012).    

Prevention and treatment of SCK 

Practicing modern dairy medicine not only involves traditional sick cow work but 

also involves the broader concept that a veterinarian can have a pivotal role in disease 

prevention. The concept of prevention has been emphasized in the last 30 years and with 

the advancement in epidemiology and diagnostic tools a better understanding of disease 

determinants was achieved (LeBlanc et al., 2006). Disease prevention is one of the keys 

for success on a dairy enterprise and should be emphasized at the most critical phase of 

the lactation cycle which is the transition period. Prevention can include but is not limited 

to proper nutritional management (Overton and Waldron, 2004), proper barn and facility 

design (Cook, 2009) and administration of substances such as ionophores that can help 

reduce disease including ketosis and enhance production (Duffield et al., 2008b, c). One 

has to note that all these aspects where prevention can be targeted have to be considered 

collectively to achieve success of a prevention program. In addition to implementation of 

a prevention program, early disease detection is also a corner-stone in practicing modern 

dairy medicine. Validation of many cow-side tests enabled a speedy and reasonably 

accurate diagnosis of diseases such as SCK (Geishauser et al., 2000, LeBlanc, 2010) 
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allowing higher rates of treatment success using propylene glycol as an oral drench 

(McArt et al., 2011).     

Ionophores 

 Ionophores are chemical substances that can be used as feed additives or 

administered orally in the form of slow release boluses. Ionophores result in a change of 

the population of rumen microbes by changing cell membrane permeability to ions 

(Bergen and Bates, 1984), resulting in the shift of volatile fatty acid production to more 

propionate and less butyrate and acetate (Van Maanen et al., 1978). The use of 

ionophores is wide spread across the world due to the positive effects it can have on 

energy metabolism (Duffield et al., 2008a), cow health (Duffield et al., 2008c) and milk 

production (Duffield et al., 2008b).  

Propylene glycol 

 Propylene glycol is one of the treatments of hyperketonemia in cattle (Radostits et 

al., 2000). There is substantial literature showing the efficacy of propylene glycol when 

drenched orally in decreasing blood NEFA (Miyoshi et al., 2001, Stokes, 2001) and 

BHBA (Pickett et al., 2003) and increasing blood glucose (Miyoshi et al., 2001, Pickett et 

al., 2003). Recently a large clinical trial reported a reduction in clinical ketosis, displaced 

abomasum and culling in addition to an increase in milk production and enhanced 

reproductive performance when 300 ml of propylene glycol was administered once daily 

from the time cows were diagnosed with subclinical ketosis until blood BHBA was < 

1200 µmol/L (McArt et al., 2012b, McArt et al., 2011).   
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Economics of ketosis 

 It can be concluded from the above that negative impacts of SCK on health, 

reproductive performance and production can be costly and can affect profitability of a 

dairy enterprise especially if its incidence is high. Furthermore, the costs associated with 

diagnosis, prevention and treatment of SCK can also affect profitability and therefore 

deliberate thinking and rational decisions about appropriate strategies of management 

should be made. There have been previous attempts to quantify losses caused by SCK. 

One study estimated a cost of $78 for a case of SCK (Geishauser et al., 2001). This figure 

might be an underestimate of the actual cost of SCK not only because this is an older 

study and the inputs that were used have changed but also because the authors accounted 

for only 2 diseases that SCK can impact (displaced abomasum and clinical ketosis), did 

not incorporate the increased risk of culling into their calculations and considered the 

duration of milk loss due to SCK to be 2 weeks when there is current evidence that the 

drop in milk production might extend to a full 305 days lactation (Duffield et al., 2009, 

Ospina et al., 2010b). Another study estimated that 1 case of SCK can cost €735 (960 

USD) for a case of SCK (Esslemont, 2012). This value might be an overestimation of 

losses resulting from SCK. It was vague how the author reached this result but one reason 

could be that the author combined losses resulting from each disease without accounting 

for the risk of its development in a cow with SCK. Another reason could be double 

counting by including basal disease incidence (disease incidence that is seen if SCK 

happens or not) into the calculations to quantify losses due to SCK. Aside from 

quantifying the cost of SCK, one study estimated the relation between SCK and marginal 

profit encountered by a dairy farm due to milk production or what can be called return 
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over feed (ROF) (milk income – feed cost). The authors of this study found an inverse 

relation between SCK and ROF and concluded that 1unit of increase in the incidence of 

SCK is associated with a decrease of ROF by $0.015/cow/day (McLaren et al., 2006). 

Such a result points out the economic importance of SCK but still does not capture the 

full picture of the economic impact of SCK. Such results from previous studies 

necessitate a model that estimates the cost of one case of SCK based on current available 

information and employing proper calculation methods. In addition to developing such a 

model, assessing the economic value of prevention and treatment of SCK is an important 

aspect of understanding the economics of SCK.                

Objectives of the project 

The first objective of this study was to conduct a large randomized clinical trial to 

evaluate the effect of administration of sometribove zinc in the pre-partum period on 

health, metabolic indicators, milk production, dry matter intake and selected reproductive 

parameters of lactating dairy cows. The hypothesis was that administration of rbST 

would result in an increase in available glucose and dry matter intake and thus help 

mitigate the effects of negative energy balance and in turn, improve health and 

performance of lactating dairy cattle. The second objective was to quantify economic 

losses that can result from subclinical ketosis, to model the economic value of using 

Rumensin® CRC boluses as one of the management actions to help reduce diseases 

following calving, and finally to estimate the economic value of using propylene glycol 

to treat cows after being diagnosed with subclinical ketosis using different cow-side tests. 
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Chapter 2 

The effect of pre-partum bovine somatotropin administration on health and 

metabolic indicators of dairy cows 
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ABSTRACT 

A double-blinded randomized clinical trial was conducted in 5 commercial dairy herds in 

southern Ontario with 1362 cows enrolled to investigate the effect of pre-partum 

administration of recombinant bovine somatotropin (rbST) on health and metabolic 

indicators. Cows were randomly assigned to receive either 325 mg of sometribove zinc 

suspension (n= 680) or a placebo injection (n= 682) subcutaneously at the depression on 

either side of the tail head every 14 days until calving. Treatments were started between 

28 to 22 days before expected calving with a maximum of 3 injections given to a cow. 

Serum samples taken at the time of enrollment, 1 week before calving and weekly for the 

first 3 weeks after calving were analyzed for nonesterified fatty acids (NEFA), β-

hydroxybutyrate (BHBA), glucose, aspartate amino trasnsferase (AST), calcium and 

haptoglobin. There was no difference in the incidence of post-parturient diseases between 

treated and control cows. However, the risk of developing displaced abomasum was 3.6 

times higher for treated than control cows (P= 0.08). Cows treated twice with rbST had a 

lower body condition score (BCS) than twice treated control cows at 3 weeks after 

calving (3.12 and 3.17 respectively, P< 0.0001). Serum NEFA tended to be higher for 

treated than control cows by 0.01 mmol/L (P= 0.07). Overall BHBA was not different 

between groups, except in the first week after calving when BHBA was higher for treated 

than control cows (750 µmol/L and 698 µmol/L respectively, P= 0.009) and tended to be 

higher for treated than control cows in the second week after calving (779 µmol/L and 

735 µmol/L respectively, P= 0.07). Incidence of subclinical ketosis (SCK) was similar 

between the treatment and control groups (P= 0.16). Treated cows had higher glucose 

concentrations than control cows (2.79 mmol/L and 2.73 mmol/L respectively, P= 
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0.004). There were no significant differences in serum concentrations of AST, calcium 

and haptoglobin between groups. 

INTRODUCTION 

Milk production increases gradually until reaching the peak at 7 to 9 weeks after 

calving (Radostits, 2001). On the other hand, dry matter intake (DMI) does not peak until 

10 to 12 weeks after calving (Radostits, 2001) resulting in an inevitable phase of negative 

energy balance (NEB) that every dairy cow experiences (Herdt, 2000). Almost 50% of 

lactating cows are affected with at least one infectious or metabolic disease after calving 

(LeBlanc, 2010) indicating that these cows failed to adapt to the physiological changes 

that they undergo during the transition period. These diseases result in decreased milk 

production and reproductive efficiency which incur economic losses. Therefore, proper 

transition cow management is emphasized during this critical phase of the lactation cycle.  

Recombinant bovine somatotropin is labeled for commercial use in lactating dairy 

cattle in the United States to increase milk production (FDA, 1993). Beside its positive 

effect on milk yield, rbST has effects on different body systems that can affect the health 

of dairy cattle. The effects of rbST on health were demonstrated by many studies (Gulay 

et al., 2007, Lean et al., 1991).  However these studies looked at the effect of rbST 

administered in a previous lactation, or before and after lactation, but not before lactation 

only. A meta-analysis was conducted to study the effect of rbST on health when 

administered as labeled by the manufacturing company to increase milk production 

(Dohoo et al., 2003a). Authors of this study found that the risk of clinical mastitis and 

lameness were 25% and 55% higher respectively for cows treated with rbST than control 
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cows. However, in the same study the authors found that the risk of metabolic diseases 

including ketosis was lower in early lactation if cows were treated with rbST in a 

previous lactation.   

In other studies, rbST was administered only during the pre-partum period but 

there was a wide variation in the dose of rbST used, the time at which rbST treatments 

were initiated before calving, and there were generally a small number of animals 

enrolled in each study. Considered together these studies result in confusion about the 

effects of rbST administration in the dry period. For example; Schneider et al. (2012) 

used 31 heifers and administered 500 mg of rbST every 14 days starting at 35 days before 

calving with a maximum of 3 treatments and found a higher BCS for treated heifers after 

calvings, while Simmons et al. (1994) enrolled 41 dry cows about 46 days before calving 

and administered 5 and 14mg of rbST to treated cows and found no difference in BCS or 

selected post-parturient diseases.  

The objective of this study was to evaluate the effect of pre-partum administration 

of sometribove zinc (Posilac®; Elanco Animal Health, A Division of Eli Lilly and Co., 

Greenfield, IN, USA) on health and metabolic indicators of lactating dairy cattle. 

MATERIALS AND METHODS 

Study design 

Sample size calculations were based on formulas provided by Dohoo et al. (2009) 

to compare 2 proportions to provide 80% power to detect a 33% reduction of subclinical 

ketosis at a threshold of 1400 µmol/L for serum BHBA, 50% reduction in displaced 

abomasum and to compare 2 means to detect a 2 kg increase in milk production after 
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administration of rbST between the treatment and control groups. The largest sample size 

estimate resulted from calculations to detect the reduction in abomasal displacement and 

was 600 cows per group.  

A total of 1362 cows from 5 commercial dairy herds located in southern Ontario 

were enrolled in the study. Three of the participating farms were milking an average of 

520 cows and one farm milked an average of 200 cows and one farm milked on average 

50 cows. Herds were selected based on their willingness to participate and the ability to 

record data for trial outcomes. Cows were housed in free-stalls in 4 herds and in tie-stalls 

in 1 herd. All cows were fed a total mixed ration. The study was conducted after approval 

of the Animal Utilization Protocol by the University of Guelph Animal Care Committee 

and an experimental study certificate from the Canadian Veterinary Drugs Directorate. 

Cows in each farm were randomly assigned to either receive an injection of 325 mg of 

sometribove zinc suspension (Posilac®; Elanco Animal Health, A Division of Eli Lilly 

and Co., Greenfield, IN, USA) or a placebo injection at the time of enrollment. Injections 

were administered subcutaneously at the depression on either side of the tail head. 

Randomization was based on blocking cows by herd and parity (first lactation heifers and 

older cows) using predetermined random number tables that were initially generated in 

Excel® (Microsoft office 2010, Microsoft, Redmond, WA, USA). Syringes were 

identified with a unique number and the placebo syringe was identical to the sometribove 

syringe except it did not contain any sometribove zinc. Clinically healthy cows and 

heifers were enrolled weekly at 28 to 22 days before calving and were treated every other 

week with a maximum of 3 treatments until calving. Cows were excluded from the study 

if they were not clinically healthy, had a BCS less than 2.5 on a 5-point scale at 
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enrollment, were bull-bred and had no specific calving date recorded, missed a treatment 

or if they did not calve within 2 weeks after the third injection. Cows remained in the 

same group until the end of the study. Body condition score was recorded twice; once at 

enrollment and the second time at 3 weeks after calving. Body condition was scored for 

about 50% of the cows by one individual and when possible BCS was measured by 2 

experienced individuals who were blinded to the treatment status and then averaged. 

Researchers involved in administration of treatments, data collection and analysis in 

addition to farm staff were blinded to the nature of treatments until the end of data 

collection and analysis. 

Data collection and analysis  

Health  

Health data were analyzed from 1279 cows. Incidence of the following diseases 

was recorded: clinical ketosis, displaced abomasum, retained placenta, metritis, mastitis, 

milk fever and lameness. All participating herds were provided with standardized disease 

definitions based on previous studies (Carson, 2008, Kelton et al., 1998). Four out the 5 

enrolled herds were recording clinical disease events on farm in herd management 

software programs, and information was retrieved by access to backup files collected 

during farm visits. The fifth herd that did not record disease events in herd management 

software program was provided with a paper recording form and disease events were 

recorded by hand. In the case of multiple disease occurrences the first disease event was 

considered for data analysis. Epi Info® software package V. 6. (Centers for Disease 

Control and Prevention, Atlanta, GA, USA) was used for analysis. Two by-two 
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contingency tables were constructed, and risk ratios and 95% confidence intervals were 

calculated using a Chi-square test for disease incidences. If any disease incidence had an 

alpha significance level less than 0.2 after screening with 2×2 contingency tables, a 

Poisson regression model controlling for overdispersion using PROC GENMOD in SAS® 

(V. 9.3. SAS institute Inc.; Cary, NC, USA) was performed to calculate risk ratios after 

controlling for other variables in the model (Ospina et al., 2012). Variables included in 

each model were treatment as the main effect, farm (1-5), parity (1, 2 and ≥3), BCS at 

enrollment (categorized to: < 3.25, 3.25 to 3.75 and > 3.75), number of treatments (1, 2 or 

3), season (summer, fall, winter and spring) at enrollment and days from last treatment to 

calving (0-7 days or 8-14 days). The model with main effects was run and non-significant 

variables (P≥ 0.05) were eliminated after ensuring they had no confounding effect on 

treatment (based on a change of 20% or more in the coefficient for treatment). Interaction 

between treatment and covariates remaining in the model were assessed one at a time. An 

interaction term was only kept in the model if significant (P< 0.05).  

SAS® (V. 9.3. SAS institute Inc.; Cary, NC, USA) was used to analyze the change 

in BCS between enrollment and the third week after calving with a linear regression 

model using PROC MIXED and including farm as a random effect to account for 

clustering of cows by farm. Body condition score at the third week after calving was used 

as an outcome and treatment as the main effect. Variables included in each model were 

treatment as the main effect, parity (1, 2 and 3+), BCS at enrollment (categorized to: < 

3.25, 3.25 to 3.75 and > 3.75), number of treatments (1, 2 or 3), season (summer, fall, 

winter and spring) at enrollment and days from last treatment to calving (0-7 days or 8-14 

days). The model with main effects was run and non-significant variables (P≥ 0.05) were 
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eliminated after ensuring they had no confounding effect on treatment (based on a change 

of 20% or more in the coefficient for treatment). Interaction between treatment and 

covariates remaining in the model were assessed one at a time. An interaction term was 

only kept in the model if significant (P< 0.05). Model fit was assessed graphically by 

plotting residuals against predicted values to identify outliers and assess the homogeneity 

of variance. The assumption of normality was assessed by plotting a histogram of the 

residuals. If required, a log or square root transformation of the dependent variable was 

performed to achieve a normal distribution.    

Metabolic indicators 

Blood samples were collected at enrollment and then weekly until the third week 

after calving. Blood was collected from the coccygeal blood vessels in a vacuum tube 

without anticoagulant and stored in a cool place. Within 6 hours of collection, blood was 

spun in a centrifuge at 2990 g to harvest serum, which was given a hemolysis score from 

0 to 2; where 0 indicates no hemolysis and 2 severe hemolysis, and then stored in freezers 

at -20oC. Serum samples for 1262 cows were submitted for analysis. A maximum of 5 

blood samples for each cow were submitted for analysis depending on how long a cow 

remained in the trial before being removed (by either being culled or dead). Serum 

submitted for analysis were the sample at enrollment, the week before calving and for 

weeks 1, 2 and 3 after calving. Serum was submitted in batches to the Animal Health 

Laboratory at the University of Guelph for analysis using a Roche Cobas 6000 c501 

automated chemistry analyzer (Roche Canada, Laval, Quebec). Serum was analyzed for 

the following: NEFA, BHBA, glucose, calcium, AST and haptoglobin. Test Reagents for 

glucose, calcium and AST were supplied by Roche diagnostics (Indianapolis, IN) and for 



31 

 

BHBA and NEFA by Randox Laboratories (UK), and were prepared by the Animal 

Health Laboratory to measure haptoglobin. Results for each analyte were entered into a 

spreadsheet and then imported into a statistical software package SAS® V. 9.3. (SAS 

institute Inc.; Cary, NC, USA) for statistical analysis using the MIXED procedure 

accounting for repeated measures by cow. Farm was included as a fixed effect. Variables 

included in each model were treatment as the main effect, parity (1, 2 and 3+), BCS at 

enrollment (categorized to: < 3.25, 3.25 to 3.75 and > 3.75), number of treatments (1, 2 or 

3), season (summer, fall, winter and spring) at enrollment, days from last treatment to 

calving (0-7 days or 8-14 days) and the week of sampling. The correlation structure 

(Unstructured, Autoregressive1, AutoregressiveH1, Toeplitz, ToeplitzH or compounded 

symmetry) that resulted in the lowest Akaike Information Criterion (AIC) was used for 

further modeling. All variables were included and then removed in a backward stepwise 

elimination procedure after ensuring they had no confounding effect on treatment (based 

on a change of 20% or more in the coefficient of treatment). Interaction between 

treatment and covariates remaining in the model were assessed one at a time. An 

interaction term was only kept in the model if significant (P< 0.05). Model fit was 

assessed graphically by plotting residuals against predicted values to identify outliers and 

assess the homogeneity of variance. The assumption of normality was assessed by 

plotting a histogram of the residuals. If required, a log or square root transformation of 

the dependent variable was performed to achieve a normal distribution. 

Subclinical ketosis  

Further analysis was performed using BHBA as an indicator of subclinical 

ketosis. A cutoff of 1400 µmol/L was used to determine cows affected with SCK. A chi-
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square test was used to calculate the difference in SCK between the treatment and control 

groups for each of the first 3 weeks after calving and for the overall incidence of SCK in 

the first 3 weeks after calving. Using the same cutoff point (1400 µmol/L) a Poisson 

regression model that controlled for overdispersion (Ospina et al., 2012) was built in 

SAS® (V. 9.3. SAS institute Inc.; Cary, NC, USA) to compare the cumulative incidence 

of SCK over the first 3 weeks of lactation. Cows with a serum BHBA concentration of ≥ 

1400 µmol/L in more than 1 weekly sample in the first 3 weeks after calving were 

considered subclinically ketotic. The Poisson model was fitted using PROC GENMOD. 

Variables included in each model were treatment as the main effect, farm (1-5), parity (1, 

2 and 3+), BCS at enrollment (categorized to: < 3.25, 3.25 to 3.75 and > 3.75), number of 

treatments (1, 2 or 3), season (summer, fall, winter and spring) at enrollment and days 

from last treatment to calving (0-7 days or 8-14 days). A variable was removed from the 

model if it had alpha significance level ≥ 0.05 and was not a confounder. Interaction 

between treatment and covariates remaining in the model were assessed one at a time. An 

interaction term was only kept in the model if significant (P< 0.05).   

RESULTS 

Eighty three cows were excluded from analysis because of; being not pregnant at 

enrollment (1 cow), wrong expected calving dates (48 cows), behavioral reasons (2 

cows), no blood samples were collected (5 cows), no information on herd management 

software (2 cows) and inadvertent rbST or placebo treatments (7 cows) or missed 

treatments (18 cows) as they were not found on the farm at the weekly herd visit. 
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Health 

Removal and culling from enrollment in the study to 63 days in milk (DIM) is 

shown in Table 2.1. Pre-partum treatment of cows with rbST had no significant effect on 

cow removal or death. Table 2.2 shows the incidence of clinical disease recorded during 

the duration of the trial for cows treated with rbST or placebo. P-values obtained from 

crude disease screening were 0.08 for abomasal displacement and 0.16 for retained 

placenta and therefore fitting a Poisson regression was warranted for both diseases to 

investigate the effect of treatment after controlling for other variables. There were no 

significant effects of treatment at P≤ 0.2 when other diseases were screened using a Chi-

square test; therefore no further analysis was warranted. 

Before fitting the Poisson regression for each of displaced abomasum and retained 

placenta, 119 cows were excluded as they had no any outcomes recorded and 10 cows 

were excluded because they were sold or died before calving. Therefore a total of 1150 

cows were included for analysis in the Poisson regression models for displaced 

abomasum and retained placenta. For the model for displaced abomasum, Number of 

treatments, season at enrollment and days from last treatment to calving were removed 

from the model. When assessing the interaction between treatment and farm and between 

treatment and BCS at enrollment the model did not converge and therefore the interaction 

terms were not included in the final model. The risk of developing abomasal 

displacement tended to be higher for cows treated with rbST than control cows (RR= 3.6, 

P= 0.08, 95% CI: 0.88-14.69). For the Poisson model for retained placenta, Season at 
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enrollment and BCS at enrollment were removed from the model and none of the 

remaining significant variables had a significant interaction with treatment and therefore 

none of the interaction terms was retained in the final model. There was a tendency for 

cows treated with rbST to have an increased risk of retained placenta compared to control 

cows (RR= 1.45, P= 0.09, 95% CI: 0.94-2.24). 

To analyze the change in BCS a log transformation of the dependent variable was 

required to achieve a normal distribution. Days from last treatment to calving was 

dropped out of the model. Cows treated twice with rbST had lower BCS 3 weeks after 

calving than similar cows in the control group (3.12±0.008 versus 3.17±0.008, P< 

0.0001).  

Metabolic indicators 

Seventeen cows were excluded from the serology analysis as no serum samples 

were submitted for analysis. Therefore the final analysis included results from 1226 

cows. Hemolysis score was not considered during analysis as only about 5% of the 

submitted serum samples had a hemolysis score of 1 or 2.  

Nonesterified fatty acids  

The only variables eliminated from the NEFA model were the number of 

treatments given before calving and the days from last treatment to calving. A square root 

transformation of the dependent variable was required to achieve a dataset with normal 

distribution. None of the interaction terms with treatment was significant and therefore 

were not included in the final model. Cows treated with rbST had a tendency to have 
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higher NEFA concentrations compared to control cows (0.47 mmol/L and 0.46 mmol/L 

respectively, P= 0.07). 

β-hydroxybutyrate  

Body condition score at enrollment, number of treatments and days from last 

treatment to calving were all eliminated from the final model. A log transformation of the 

dependent variable was required to achieve a normal distribution. None of the variables 

included in the model significantly interacted with treatment. The interaction term 

between treatment and week of sampling (P= 0.06) suggested further analysis which 

showed that cows treated with rbST had higher BHBA levels than control cows (750 

µmol/L and 698 µmol/L respectively, P= 0.009) at the first week after calving and tended 

to be higher in the second week after calving (779 µmol/L and 735 µmol/L respectively, 

P= 0.07). Serum levels of BHBA are shown in Figure 2.1.  

Subclinical ketosis 

Results of the Chi-square test comparing the incidence of SCK between the 

treatment and control groups for weeks 1, 2 and 3 after calving and for the overall 

incidence of SCK after the first 3 weeks post calving are shown in Table 2.3. For the 

Poisson regression model, number of treatments and days from the last treatment to 

calving were removed from the model. The incidence of SCK was not different between 

treatment and control groups (RR= 1.17, P= 0.16, 95% CI: 0.94-1.47).  
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Glucose  

After transforming the dependent variable to the log scale, days from last 

treatment until calving, body condition score at enrollment and number of treatments 

were removed from the model. Four observations that were outliers were removed from 

the analysis because of errors in serum glucose measurement by the laboratory. Pre-

partum administration of rbST had a significant effect on serum glucose concentrations. 

Serum glucose was higher for treated cows than control cows (2.79 mmol/L and 2.73 

mmol/L respectively, P= 0.004). Although there was no significant interaction between 

treatment and week of sampling (P= 0.11) cows treated with rbST had higher glucose 

levels than control cows (3.17 mmol/L and 3.00 mmol/L respectively, P=0.0008) at the 

week before calving, the second week after calving (2.50 mmol/L and 2.41 mmol/L 

respectively, P=0.03) and the third week after calving (2.51 mmol/L and 2.41 mmol/L 

respectively, P=0.01) (Figure 2.2).   

Aspartate amino transferase (AST) 

Number of treatments, BCS at enrollment, farm and days from the last treatment 

to calving were removed from the model. After log transformation of the AST values, 

there was no difference in serum AST concentrations between the treatment and control 

groups (68.2 U/L and 69.4 U/L, P= 0.29).  

Calcium  

Number of treatments, BCS at enrollment, season at enrollment and days from the 

last treatment were removed from the model. There was no significant difference 

between treated and control cows (2.35 mmol/L and 2.34 mmol/L respectively, P= 0.46). 
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Haptoglobin  

After log transforming the dependent variable; season at enrollment, days from 

last treatment to calving and BCS at enrollment were removed from the model. There 

was a significant effect of number of treatments on haptoglobin concentrations (P= 0.04). 

Further analysis showed that cows treated once with rbST had a lower level of 

haptoglobin than cows treated once with a placebo (0.17 g/L and 0.23 g/L respectively, 

P= 0.02). 

DISCUSSION 

Health 

One point to consider when looking at clinical disease incidence is how compliant 

farm staff are in terms of recording diseases. Disease incidences reported in this study 

might be underestimated as diagnosis of disease in participating herds was mostly done 

by farmers and not veterinarians. However, considering that the overall clinical disease 

incidence in this study was 43.9% (561/1279) for both the rbST and control groups and 

that 30-50% of transitioning dairy cows are affected with one disease or another 

(LeBlanc, 2010) there might not be under-reporting of diseases by farm managers. 

Diseases reported in the current study are within the range reported previously which 

may indicate there is no under-reporting in the current study (Kelton et al., 1998). 

Although disease definitions were discussed with each farm manager at the beginning of 

the study there is still a possibility of misclassification bias depending on how adherent 

the farm staff was to the disease definitions and to what extent their experience and 

practices influenced diagnosis of diseases.     
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Bovine somatotropin has many actions on different body systems; for example it 

results in an increase in gluconeogenesis in the liver, an increase in mobilization of 

glycogen reserves, a reduction in glucose oxidation and a decrease in the inhibitory effect 

of insulin on synthesis of glucose in the liver (Bauman et al., 1989) leading to an increase 

in readily available glucose. In addition, authors from previous studies found that cows 

administered low doses of rbST in the transition period had an increase in DMI (Gulay et 

al., 2000, Gulay et al., 2004a). All the above mentioned actions would be expected to 

reduce the effect of NEB and in turn reduce the risk of metabolic and infectious diseases. 

In the current study there was no difference in diseases associated with treatment which is 

in agreement with Gulay et al. (2003) that health did not differ when cows were treated 

with 143 mg of rbST every other week starting at 3 weeks before calving until 42 DIM. 

Gulay and co-workers (2007) grouped control and treated cows from 3 different studies 

for analysis and found no difference in the incidence of displaced abomasum, milk fever, 

retained fetal membranes and metritis between the treatment and control groups but the 

incidence of ketosis, digestive illness and mastitis was lower for treated than control 

cows. Improvement in post-parturient health was explained by the authors as a result of 

the increase in DMI and an improvement in metabolism of carbohydrates, lipids and 

proteins in addition to enhancement of the immune system to resist infectious diseases 

(Gulay et al., 2007). The major difference between the current study and the 3 studies 

summarized by Gulay and co-workers (Gulay et al., 2007) is that rbST treatments were 

continued after calving, while in the current study rbST treatments were only 

administered before calving, which might explain the non-significant effect of rbST on 

clinical disease incidence. In another study (Vallimont et al., 2001), timing of rbST 



39 

 

administration was similar to the current study where treated cows were started on 500 

mg rbST 28 days before calving every other week with a maximum of 3 treatments until 

calving. The authors found that the incidence of ketosis, displaced abomasum, mastitis, 

milk fever and retained fetal membranes was similar between the treatment and control 

groups. They also found that DMI did not differ between both groups (Vallimont et al., 

2001) which might explain similar disease incidences in the treatment and control groups. 

Other studies where rbST was administered only pre-partum also showed no difference in 

DMI between treatment and control groups (Michelone et al., 1999, Putnam et al., 1999, 

Simmons et al., 1994). Similar results in this study were obtained for DMI (Chapter 4). 

Although not significant, the risk of developing abomasal displacement in cows treated 

with rbST before calving was 3.6 times higher than cows in the control group. The 

incidence of displaced abomasum in the current study was 1.5% (9 cows) for the 

treatment group and 0.5% (3 cows) for the control group. Such a low incidence of 

displaced abomasums could be a function of conducting the trial in progressive herds 

with good management practices including nutritional management of transition cows. 

One has to consider that although there was a tendency for increased DA risk, clinically 

this result is not relevant because of the small number of cows affect with displaced 

abomasum. 

The action of bovine somatotropin on adipose tissue depends on the energy status 

of the animal. If a cow is in negative energy balance, bovine somatotropin will enhance 

lipolyis and mobilization of fat and this is shown by a decrease in subcutaneous fat and 

an increase in NEFA levels and when administered in a state of positive energy balance 

lipid synthesis (lipogenesis) is not enhanced (Bauman et al., 1989) and therefore blood 
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NEFA concentrations are not affected. In the current study, rbST treatments were 

initiated 28 to 22 days before calving and were continued until calving; a time when 

many cows start to experience a drop in DMI (Bertics et al., 1992) and start to mobilize 

body fat resulting in weight loss and a decrease in BCS. However, as indicated by similar 

NEFA concentrations obtained in the current study, rbST was probably administered 

when cows were in a positive energy balance, and it could be that cows did not start 

experiencing negative energy balance until close to calving time when rbST was 

discontinued. One must consider that although the BCS difference between groups is 

significant (P< 0.0001); the difference itself is not considered biologically important as it 

was only a 0.05 of a BCS unit which corresponds to approximately 4 kg of body weight 

(Schwager-Suter et al., 2001). Therefore the similar decline in BCS in both groups in the 

current study could be explained by normal NEB and reduction in DMI that cows 

experience in the peri-partum period. This conclusion is supported by similar milk 

production (Chapter 3) and dry matter intake (Chapter 4) for treated and control cows. 

Previous studies administering rbST pre-partum at different doses (Simmons et al., 1994, 

Vallimont et al., 2001) found no difference in BCS between treated and control groups, 

but one recent study (Schneider et al., 2012) reported that when late pregnant heifers 

were given 500 mg of rbST every 14 days until calving they had a higher BCS than 

heifers that were not treated. In the current study there was no difference between first 

lactation cows when treated with rbST before calving and similar control cows, and is 

possible that the small number of animals used by Schneider et al. (2012) might have led 

to a spurious association. 

 



41 

 

Metabolic indicators and subclinical ketosis  

Serum NEFA concentrations in the current study tended to be higher for treated 

cows however the resulted difference is neither clinically nor biologically significant. As 

mentioned previously, energy balance will determine the effect of bovine somatotropin 

on adipose tissue; an increase in blood NEFA and a decrease in subcutaneous fat will 

occur as a result of rbST-increased fat mobilization and lipolysis in a cow that is in a 

NEB and NEFA concentrations will not be affected if administered in a positive energy 

balance as lipogenesis is not enhanced (Bauman et al., 1989). It can be concluded from 

this fact and similar NEFA concentrations in treated and control cows that rbST were 

administered in a state of positive energy balance and that cows started the phase of NEB 

closer to the time of calving (less than a week to calving).  

Although insulin levels were not measured in the current study, insulin resistance 

in late gestation may result in lower sensitivity to insulin at the level of adipose tissues 

that leads to an increase in lipolysis and increased NEFA (Gulay et al., 2003). Bovine 

somatotropin can exacerbate the state of insulin resistance by decreasing the effect of 

insulin to stimulate lipogenesis (Bauman et al., 1989) which simply means that insulin 

(under the effect of bovine somatotropin) will have a reduced ability to lower blood 

glucose and store the excess in fat depots resulting in higher blood glucose 

concentrations. It could be that the short duration of rbST administration was not enough 

to exacerbate the state of insulin resistance and that was reflected by similar NEFA 

concentrations. Previous studies where rbST was only given during the pre-partum period 

found no difference in NEFA concentrations between treated and control cows (Putnam 

et al., 1999, Simmons et al., 1994). This finding was explained by cows being in a 
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positive energy balance at the time when treatments were initiated. In another study when 

rbST was given in the pre-partum period to late pregnant heifers their NEFA 

concentrations were decreased  (Schneider et al., 2012). On the other hand one study 

suggested an increase in NEFA in the pre-partum period and showed a significant 

increase in the post-partum period for cows treated with 143mg of rbST every 2 weeks 

from 21 days before calving to 42 days after calving (Gulay et al., 2003). These findings 

were attributed to greater insulin resistance.   

Overall concentrations of BHBA were not affected by rbST treatments but when 

an interaction between time and treatment was assessed rbST-treated cows had higher 

BHBA levels at the first week after calving and tended to be higher in the second week 

after calving (Figure 2.1). One study that looked into BHBA levels after administration of 

rbST in the pre-partum period (Putnam et al., 1999) found that rbST-treated cows had 

lower BHBA in the prepartum period than control cows and that BHBA levels were 

similar after calving. Lower BHBA before calving was explained by having numerically 

higher glucose and numerically lower NEFA for treated cows or a change in metabolism 

for rbST-treated cows (Putnam et al., 1999). Another study on Jersey cows demonstrated 

an increase in BHBA levels when they were treated with 500 mg of rbST starting at 28 

days before calving to 14 days after calving (Eppard et al., 1996). In the current study, the 

significant difference in BHBA concentrations was observed in the first week following 

calving. It could be that this difference was because of a carry-over effect of rbST that 

was most prominent at the first week following calving which is a time when cows are in 

a NEB resulting in an increase in lipolysis that is enhanced by rbST (Bauman et al., 1989) 

and coincides with the period of insulin resistance. As time progresses the carry-over 
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effect of rbST was diminished and this might be the reason of observing a tendency of 

higher BHBA in the second week following calving and no difference by the third week 

after calving.  

Subclinical ketosis is one of the metabolic diseases that can result in economic 

losses as a result of loss in milk production and increased risk of other diseases such as 

metritis and displaced abomasum (Duffield et al., 2009, LeBlanc et al., 2005). The cutoff 

point of 1400 µmol/L for BHBA used in the current study to identify SCK was 

previously identified based on the negative impact on production and health (Duffield et 

al., 2009). In the current study there was no difference in the incidence of SCK between 

the treatment and control group. This finding could be explained by similar blood NEFA, 

glucose concentrations (discussed below), and only minor changes in BHBA in both 

treated and control cows. This finding also could be supported by similar DMI (Chapter 

4) and milk production (Chapter 3). There is no information in the literature on rbST 

administration before calving on the risk of SCK.   

Pre-partum administration of rbST had an effect on serum glucose. Bovine 

somatotropin has different positive metabolic effects on glucose metabolism; it will 

increase gluconeogenesis in the liver, reduce glucose oxidation and increase the 

mobilization of glycogen reserves to increase glucose levels (Bauman et al., 1989, Peel 

and Bauman, 1987). One important action of bovine somatotropin is that it will decrease 

the inhibitory effect of insulin to synthesize glucose in the liver, it also decreases the 

action of insulin on peripheral tissues to stimulate glucose uptake resulting in an increase 

blood glucose levels (Bauman, 1992). Although the difference in glucose concentrations 

is statistically significant in this study it is not biologically significant and this conclusion 
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could be supported by having a similar incidence of SCK, DMI (Chapter 4) and milk 

production (Chapter 3) between treated and control cows. Putnam and co-workers (1999) 

found a significant increase of pre-calving blood glucose for rbST treated cows than the 

control ones but not in the post-partum period. The values they found in the pre-partum 

period for control and treated cows were 63.5 mg/dl and 67.1 mg/dl respectively for cows 

fed 13.3% crude protein and was 65.6mg/dl and 66.4mg/dl for control and treated cows 

respectively fed 17.8% protein (Putnam et al., 1999). Also these values were statistically 

significant but might not be of practical importance. Other studies that investigated the 

effect of pre-partum rbST administration found no difference in blood glucose levels 

between treated and control cows (Michelone et al., 1999, Schneider et al., 2012, 

Vallimont et al., 2001).  

Aspartate aminotransferase is one of the enzymes used as an indicator for 

hepatocellular insult in cattle (Radostits et al., 2000). None of the previous studies 

measured the effect of rbST administration on AST. Similar activity for AST in both the 

treatment and control groups is consistent with the similar overall values of NEFA and 

BHBA in both groups indicating there is no improvement in liver function after 

administration of rbST. 

There was no difference in calcium concentrations between the treatment and 

control groups. This result was reflected clinically by similar incidence of milk fever 

between treated and control cows. Law and co-workers did not find a change in calcium 

levels from 1 day before calving to 9 days after calving between treated and control cows 

after administering 640 mg of rbST 7 days before calving (Law et al., 1994). Other 

studies where rbST was given only in the pre-partum period (Simmons et al., 1994, 
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Vallimont et al., 2001) or before and after calving (Eppard et al., 1996, Gulay et al., 

2007) also found no difference in the incidence of milk fever between treated and control 

cows. 

Haptoglobin is one of the acute phase proteins used as a biomarker for 

inflammation and disease in cattle (Eckersall and Bell, 2010). Cytokines that are 

produced during an inflammatory process trigger the production of acute phase proteins 

(Eckersall and Bell, 2010). In cattle; haptoglobin is produced with certain diseases such 

as mastitis, metritis and hepatic lipidosis (Petersen et al., 2004). None of the previous 

reports studied the effect of rbST on haptoglobin. In the current study cows treated only 

once with rbST had lower serum haptoglobin than control cows. This result is difficult to 

explain especially when the incidence of metritis and mastitis was similar between treated 

and control cows. This result could be due to the small number of cows receiving only 1 

treatment (45/1262 = 3.6%) in the trial. 
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Table 2.1: Disposition of Holstein cows in a randomized clinical trial of 325 mg 

sometribove (rbST) injected biweekly from enrollment at 28-22 days before the expected 

calving date until 63 days in milk 

 rbST Placebo (Control) P1 

Item % n % n  

Treated 49.9 680 50.1 682 - 

Sold 11.0 75 9.5 65 0.30 

Died/Euthanized 2.0 14 2.1 14 0.96 

Withdrawn 6.5 44 5.7 39 0.56 

Completed2 80.4 547 82.7 564 0.73 

Total3 93.5 636 94.3 643 - 

1P-value calculated using a Chi-square test. 

2Completed = Cows that were followed up in the trial until 63 days in milk. 

3Total = total number of cows that were included in the analysis including sold, 

died/euthanized and completed cows. 
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Table 2.2: Univariable associations of rbST treatment with Clinical disease incidence 

from enrollment to 63 days after calving for cows treated pre-partum with rbST or 

placebo 

 rbST Control    

Item % n % n RR2 CI1,2 P2 

Clinical Ketosis 3.0 18 3.1 19 0.96 0.51-1.81 0.89 

Displaced abomasum 1.5 9 0.5 3 3.03 0.82-11.15 0.08 

Milk fever 4.1 25 4.5 28 0.90 0.53-1.53 0.70 

Retained placenta 7.2 44 5.3 32 1.38 0.88-2.14 0.16 

Metritis 13.5 82 12.7 77 1.06 0.80-1.42 0.67 

Mastitis 14.4 88 13.0 80 1.11 0.84-1.47 0.46 

Lameness 4.3 26 4.9 30 0.88 0.52-1.46 0.61 

1CI= 95% Confidence intervals. 

2RR, P-value and CI were calculated using a Chi-square test. 
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Table 2.3: Risk ratios of SCK comparing cows treated with rbST before calving to 

control cows using a BHBA serum concentration of 1400 µmol/L as a cutoff point in the 

first 3 weeks after calving 

 rbST Control    

Week N1 % N % RR2 CI2,3 P2 

Week 1 52 8.5 42 7.0 1.23 0.83-1.81 0.30 

Week 2 67 11.4 57 9.6 1.19 0.85-1.66 0.30 

Week 3 69 12.2 63 10.8 1.12 0.82-1.55 0.47 

Overall4 130 21.2 115 18.7 1.14 0.91-1.42 0.27 

1N= Number of cows equal to or above the cutoff threshold of 1400 µmol/L of BHBA 
serum concentration. 

2RR, P-value and CI were calculated using a Chi-square test. 

3CI= 95% Confidence intervals. 

4RR, P-value and CI of SCK calculated 3 weeks after calving. If a cow is counted as SCK 
at any of the 3 weeks after calving she is considered only one time for analysis. 
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Figure 2.1: Least square means (± SE) for serum concentrations of BHBA (µmol/L) by 

treatment group at enrollment (week 0), 1 week before calving (week -1) and for the first 

3 weeks after calving (weeks 1-3).  Serum concentrations of BHBA were significantly 

different for the first week after calving 
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Figure 2.2: Least square means (± SE) for serum concentrations of glucose (mmol/L) by 

treatment group at enrollment (week 0), 1 week before calving (week -1) and for the first 

3 weeks after calving (weeks 1-3).  Serum concentrations of glucose were significantly 

different for the week before calving and the second and third weeks after calving 
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Chapter 3 

The effect of pre-partum bovine somatotropin administration on milk production 

and reproductive performance in dairy cows 
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ABSTRACT 

A total of 1362 cows were enrolled in a double-blinded randomized clinical trial to study 

the effect of administration of recombinant bovine somatotropin (rbST) before calving on 

milk production and reproductive parameters in dairy cows. Cows were randomly 

assigned to either the treatment group (n= 680) which received 325mg of sometribove 

zinc suspension or the control group (n= 682) which received a placebo injection 

subcutaneously at the depression on either side of the tail head every 14 days until 

calving. Treatments were initiated at 28 to 22 days before expected calving. A cow could 

be treated with a maximum of 3 injections depending on the time of calving relative to 

enrollment. Overall milk production was not different between treatment and control 

groups (37.1±0.48 kg and 36.7±0.49 kg respectively, P= 0.31) but there was a tendency 

for cows treated with rbST to produce 0.8 kg more milk in the first week after calving 

than control cows (P= 0.07). There was no difference in the time from calving to first 

insemination or the probability of conception after the first insemination between cows 

treated with rbST and control cows. 

INTRODUCTION 

Recombinant bovine somatotropin has been approved for commercial use in dairy 

cattle in the United States for almost 2 decades (FDA, 1993). The approval to use rbST is 

currently in lactating cows to increase milk production. There is an abundance of research 

describing various effects of rbST administered to lactating dairy cows. However, there 

are only a few studies showing the effect of rbST on milk production and reproductive 

performance when administered in the prepartum period only. 
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An Australian study (Law et al., 1994) showed that cows treated once with  640 

mg of rbST one week before calving had similar milk production in the first week after 

calving to cows that were not treated. Another study (Simmons et al., 1994) showed that 

cows treated daily with 14mg of rbST starting at around 46 days before calving yielded 

more milk in the first week after calving than cows receiving only 5mg of rbST. 

Vallimont and colleagues (2001) observed no difference in milk yield between rbST-

treated cows and control cows (Vallimont et al., 2001); in this study cows received 500 

mg of rbST twice, at 28 days before calving and again at 14 days before calving. In a 

Pennsylvania study (Putnam et al., 1999), when cows were treated with 500mg of rbST 

starting at 28 days before calving and then treated every 14 days until calving they 

produced 3.3kg/day more milk than control cows. Another study (Gulay et al., 2003) 

found that when cows were injected with 143 mg of rbST every other week starting at 

around 3 weeks before calving until 42 days after calving they had 7% higher milk yield 

than control cows in the first 60 days after calving. In a recent Brazilian study (Schneider 

et al., 2012), pregnant heifers were treated with 500mg of rbST starting 35 days prior to 

the expected calving date and continued every 2 weeks until calving. Milk production for 

the treated heifers was 2.8 kg/cow/day higher than heifers that were not treated. 

All studies above had a relatively small number of cows enrolled, ranging from 31 

to 55 cows, except for Gulay’s et al. (2003) which had about 200 cows enrolled. The 

variation in doses of rbST used, different treatment timing and variable results makes it 

difficult to make concrete conclusions about the effect of prepartum rbST administration 

on milk yield after calving.  
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In addition to the effect of rbST on milk production, there is a body of literature 

that showed the effect of rbST on reproductive performance when administered to 

lactating dairy cows (Bilby et al., 2006, Santos et al., 2004). However there are few 

studies that demonstrated the effect of rbST on reproductive performance of dairy cattle 

when rbST was administered before calving. For example; a Brazilian group (Schneider 

et al., 2012) used 31 heifers and administered 500mg of rbST every 14 days starting at 35 

days before calving with a maximum of 3 treatments and found an improvement in 

resumption of ovarian activity and an increase of ovulation to the first follicular wave 

after calving of rbST-treated heifers but no effect was observed between treatment groups 

in pregnancy rates. Another study  (Simmons et al., 1994) enrolled 41 dry cows at about 

46 days before calving and administered 5 and 14mg to treated cows and found no 

difference in reproductive parameters between treated and control cows. 

Negative energy balance (NEB) is a universal condition that dairy cows 

experience during early lactation (Herdt, 2000) because of the lag of the increase in dry 

matter intake (DMI) behind milk production (Radostits, 2001) resulting in changes in fat, 

carbohydrate and protein metabolism to adapt to the difference between nutrient 

requirements and available nutrients (Herdt, 2000, Radostits, 2001). Therefore the 

transition period, defined as the 3 weeks before and 3 weeks after calving (Grummer, 

1995) is a critical time in the calving cycle and proper management practices combined 

with an adequate plane of nutrition during this phase will help minimize metabolic and 

infectious diseases that are known to affect 30 to 50% of transitioning dairy cattle in this 

period (LeBlanc, 2010).  
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The objective of this study was to evaluate the effect of pre-partum administration 

of sometribove zinc (Posilac®; Elanco Animal Health, A Division of Eli Lilly and Co., 

Greenfield, IN, USA) on milk production and selected reproductive parameters of 

lactating dairy cows.   

MATERIALS AND METHODS 

Study design 

A total of 1362 cows from 5 commercial dairy herds in southern Ontario were 

enrolled in a randomized clinical trial to assess the efficacy of sometribove zinc 

(Posilac®; Elanco Animal Health, A Division of Eli Lilly and Co., Greenfield, IN, USA). 

Randomization was based on blocking cows by herd and parity (first lactation heifers and 

older cows) using predetermined random number tables that were initially generated in 

Excel® (Microsoft office 2010, Microsoft, Redmond, WA, USA) and. Full details of the 

study design are described elsewhere (Chapter 2). Cows were randomly allocated to 

either receive 325 mg of sometribove zinc suspension or a placebo at the depression on 

either side of the tail head at the time of enrollment at 28-22 days before calving and 

repeated every other week with a maximum of 3 treatments until they calved. The 

placebo syringe was similar to the sometribove syringe but did not contain sometribove 

zinc. Researchers involved in administration of treatments, data collection and analysis in 

addition to farm staff were blinded to the nature of treatments until the end of data 

collection and analysis. 
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Data collection and analysis  

Milk production   

Data for milk production were collected for 1242 cows. Daily milk weights were 

collected from farm management software for the first 63 days after calving. SAS® (V. 

9.3. SAS institute Inc.; Cary, NC, USA) was used to analyze the data. Daily milk weights 

were averaged into weekly weights for analysis. A repeated measures procedure was used 

to evaluate the treatment effect on milk yield using a mixed linear regression (PROC 

MIXED). Treatment was the main effect of interest and other variables included in the 

model were lactation group (1, 2, and ≥3), number of treatments prior to calving (1, 2 or 

3), body condition score (BCS) at enrollment (categorized to: < 3.25, 3.25 to 3.75 and > 

3.75), season at enrollment in the study, days from the last treatment to calving (0-7 days 

or 8-14 days), week of lactation and farm. Various correlation structures (Unstructred, 

Autoregressive1, AutoregressiveH1, Toeplitz, ToeplitzH and compounded symmetry) 

were tested to account for clustering of cows within farm and repeated measures of milk 

production. The correlation structure that provided the smallest Akaike Information 

Criterion (AIC) indicating the best fit was chosen to continue the modeling process. The 

model with main effects was run and any variable that was not significant (P≥ 0.05) was 

eliminated after ensuring it was not a confounder (based on a change of 20% or more in 

the coefficient for treatment). The interaction between treatment and other variables in 

the model was assessed. An interaction term was not included in the model if not 

significant (P≥ 0.05). Model fit was assessed graphically by plotting residuals against 

predicted values to identify outliers and assess the homogeneity of variance. The 

assumption of normality was assessed by plotting a histogram of the residuals. If 
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required, a log or square root transformation of the dependent variable was performed to 

achieve a normal distribution.    

Reproductive performance 

Pregnancy diagnosis was performed at approximately 35 days following 

insemination and was done by palpation per rectum. Pregnancy status following the first 

insemination after calving and the date of first insemination after calving were both 

retrieved for 1224 cows from farm software management programs. SAS® (V. 9.3. SAS 

institute Inc.; Cary, NC, USA) was used for analysis.  

Conception risk was modeled with a Poisson regression model that controlled for 

overdispersion using PROC GENMOD (Ospina et al., 2012). Treatment was the main 

effect of interest. Other variables included in the model were farm, lactation group (1, 2, 

and 3+), number of treatments prior to calving (1, 2 and ≥ 3), body condition score at 

enrollment (categorized to: < 3.25, 3.25 to 3.75 and > 3.75), season at calving, days from 

the last treatment to calving (0-7 days or 8-14 days). The model with main effects was 

run and any variable that was not significant (P≥ 0.05) was eliminated after ensuring it 

was not a confounder. The interaction between treatment and other variables in the model 

was assessed. An interaction term was not included in the model if not significant (P≥ 

0.05).  

Time to first breeding was modeled with survival analysis using Cox proportional 

hazards regression (PROC PHREG) with “1” = event or pregnancy and “0” = no 

pregnancy or censored. Cows that were denoted as “do not breed” by farm managers, 

cows that died before calving or were sold before calving were not included in the 
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analysis, while cows that died or were sold after calving but before being inseminated 

contributed the time they remained in the farm and were censored at the date of culling. 

Treatment was the main effect of interest and other variables included in the model were 

lactation group (1, 2, and ≥ 3), number of treatments prior to calving (1, 2 or 3), body 

condition score at enrollment (categorized to: < 3.25, 3.25 to 3.75 and > 3.75), season at 

calving, days from the last treatment to calving (0-7 days or 8-14 days). The model with 

main effects was run and any variable that was not significant (P≥ 0.05) was eliminated 

after ensuring it was not a confounder. The interaction between treatment and other 

variables in the model was assessed one at a time. An interaction term was not included 

in the model if not significant (P≥ 0.05). The model was stratified by farm to account for 

clustering by herd (Grohn et al., 1998). Assessment of the assumption of proportionality 

was performed by including a time-dependent covariate (an interaction between the 

covariate and the logarithm of the time at risk) within the model. If the assumption was 

violated the time-dependent variable was kept in the model (Dohoo et al., 2009).    

RESULTS 

Eighty three cows were excluded from analysis because of; being not pregnant at 

enrollment (1 cow), wrong expected calving dates (48 cows), behavioral reasons (2 

cows), no blood samples were collected (5 cows), no information on herd management 

software (2 cows) and inadvertent rbST or placebo treatments (7 cows) or missed 

treatments (18 cows) as they were not found in the farm at the weekly herd visit. 
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Milk production 

Table 3.1 shows cows that were available for analysis. Thirty seven cows had no 

daily milk recorded because they died or were sold before calving or did not have any 

milk production records on farm management software programs. Daily milk weights 

were collected until 63 days in milk (DIM) or until cows were sold or died before 63 

DIM. The correlation type “unstructured” resulted in the lowest AIC when all variables 

were included in the model for milk yield and therefore was chosen to continue the 

modeling process. The only variable eliminated from the model was the season at the 

time of enrolment in the study. Table 3.2 shows variables included in the linear mixed 

model to compare milk production between cows treated before calving with 325 mg of 

rbST or placebo. None of the other variables in the model had a significant interaction 

with treatment and therefore there were no interaction terms included in the final milk 

yield model.  

Milk production was not different between treated and control cows (37.1 kg and 

36.7 kg respectively, P= 0.31). Although the interaction between treatment and the week 

of milk production was not significant (P= 0.07), stratifying milk production by each 

week showed that cows treated with rbST tended to produce 0.8 kg more milk than 

control cows (P= 0.07) in the first week after calving. Figure 2.1 depicts weekly milk 

production for treated and control cows. 

Reproductive performance 

A summary of different reproductive measures is shown in Table 3.3. Forty two 

cows were excluded from the analysis because they were flagged as “do not breed” by 
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farm staff and 13 cows were sold or died before calving. Administration of rbST during 

the pre-partum period had no significant effect on reproductive parameters measured in 

this study. For the Poisson regression model only treatment, farm and lactation group 

(parity) were retained in the model. Conception risk was not different between both 

groups (28.5% versus 29.4%, RR= 0.99, P= 0.91, 95% CI: 0.82-1.19). For survival 

analysis, there was no violation in the assumption of proportionality of hazard, and 

therefore no time-dependent variables were forced into the model. Treatment and 

lactation group were the only variables retained in the model. Median time to first 

insemination was not different between both groups (61 DIM, HR= 0.95, P= 0.64, 95% 

CI: 0.76-1.19).   

DISCUSSION 

Milk Production 

 Administration of rbST in the pre-partum period had no significant effect on 

overall milk production. The finding of no difference in overall milk production agrees 

with previous studies (Simmons et al., 1994, Vallimont et al., 2001) that also found no 

effect of rbST on milk yield when cows were treated with different doses of rbST during 

the pre-partum period. In the current study when milk production was analyzed by the 

week after calving, treated cows tended to produce more milk than control cows in the 

first week following calving. Somatotropin mediates its action on the mammary gland 

through insulin-like growth factor I (IGF-I) (Bauman, 1992) and although after calving 

the levels of somatotropin are high, the levels of IGF-I are low, and the reason is a 

reduction in growth hormone receptors on the liver around calving time (Radcliff et al., 
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2003). Based on these facts one can conclude that the effect of rbST administered on the 

mammary gland in the current trial might be limited to the time before calving and 

perhaps resulted in the tendency of treated cows to produce higher milk in the first week 

following calving but not in higher production for the first 63 DIM for treated cows. 

However, one has to be cautious about this conclusion as IGF-I concentrations were not 

measured in the present study. The fact that the milk increase was only present for the 

first week and amounts to 0.8 kg might be due to the lower dose of rbST used (325 mg) 

and that only 15.7% (97/619) of the treated cows received a third treatment before 

calving as compared to cows in the study by Putnam et al. where they received 500mg of 

rbST and 57% (12/21) of treated cows received a third injection just before calving 

(Putnam et al., 1999). The increase in milk production shown in the study by Putnam and 

co-workers (1999) was explained by the elevated somatotropin levels in treated cows and 

the carry-over effect from the last treatment before calving to the next lactation or due to 

the effect that rbST had on IGF-I that resulted in an increase in mammary cells and 

therefore milk production. Results from a study where rbST was administered daily for 

46 days before calving (Simmons et al., 1994) showed that there was no difference in the 

overall milk production, but cows receiving 14 mg of rbST daily produced more milk 

than control cows and cows receiving 5mg of rbST, the increase in milk yield was 

attributed to be a result of an increase in milk protein of the treated cows (Simmons et al., 

1994). Clinical disease incidence, subclinical ketosis (Chapter 2) and dry matter intake 

(Chapter 4) were not different among treated and control cows. Therefore having similar 

milk production between treated and control cows is not surprising.  
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Reproductive performance  

Bovine somatotropin can have positive impacts on reproduction of dairy cows. In 

a recent study, lactating cows receiving 6 treatments of 500 mg of rbST at 10 days 

interval (rather than every 2 weeks as recommended by the manufacturer) starting at 

around 61 DIM had higher (P = 0.02) ovulation rates to the first gonadotropin releasing 

hormone (GnRH ) injection of Ovsynch compared to controls, but ovulation to the 2nd 

GnRH injection was similar in both groups (Rivera et al., 2010). Bovine somatotropin 

also increased cleavage on day 3 when added to the maturation medium of bovine 

embryos (Moreira et al., 2002). This will lead to well-developed embryos which in turn 

will secrete sufficient amounts of interferon tau resulting in the inhibition of the luteolytic 

mechanism (Mann and Lamming, 2001). The above mentioned effects were seen either in 

lactating cows (Rivera et al., 2010) or in-vitro (Moreira et al., 2002), and since cows in 

the current study were only treated in the dry period, they could have had a different 

response to rbST than lactating cows or in-vitro trials. In addition, it is long a time 

interval to expect a carryover effect of the last rbST treatment given before calving on the 

time to first breeding after calving. One has to consider that the incidence of metritis and 

retained fetal membranes in this study were the same in both the treatment and control 

groups (Chapter 2) and it is not surprising from a uterine health perspective that other 

reproductive parameters were quite similar in treatment and control groups. 

 

 
 

 



63 

 

Table 3.1: Cows available for milk production analysis for cows treated pre-calving with 
325 mg rbST or placebo 

 rbST  Control  

 N % N % 

Lactation 1 140 22.6 146 23.4 

Lactation 2 202 32.6 183 29.4 

Lactation ≥3 277 44.8 294 47.2 

Total 619 100 623 100 
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Table 3.2: Linear mixed model showing milk production for cows treated with either 325 

mg rbST pre-calving or placebo controls 

Variable Estimate Standard error P 

Intercept1 46.09 1.00 <.0001 
Treatment2 0.39 0.38 0.31 

Farm    
N -1.22 1.06 0.25 
W -2.12 0.69 0.002 
X -2.68 0.57 <.0001 
Y 1.96 0.61 0.001 

               Z (referent)    
Lactation    

1 -8.90 0.55 <.0001 
2 -0.13 0.47 0.78 

            ≥ 3 (referent)    
Number of treatments    

1 -5.36 0.94 <.0001 
2 -1.27 0.58 0.03 

              3 (referent)    
Body condition score    

< 3.25 -0.88 0.96 0.36 
3.25-3.75 1.40 0.78 0.07 

             ≥ 4.0 (referent)    
Week of lactation    

1 -14.54 0.25 <.0001 
2 -7.22 0.24 <.0001 
3 -3.71 0.27 <.0001 
4 -1.29 0.20 <.0001 
5 -0.20 0.18 0.27 
6 0.28 0.16 0.09 
7 0.31 0.14 0.03 
8 0.30 0.10 0.003 

               9 (referent)    
Days from last treatment to 

calving 
   

0-7 days -1.20 0.42 0.005 
                 8-14 days (referent)    

1Intercept= intercept for linear mixed model. 

2Treatment= cows treated with rbST. 
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Table 3.3: Summary of reproductive parameters for first breeding after calving for cows 

treated pre-calving with 325 mg rbST or placebo 

 Days from calving to 1st 
breeding 

Cows bred 
(n) 

Cows 
pregnant (n) 

Conception 
risk (%) 

 Mean±SD Median    

Treatment  61.2±12.7 61 530 151 28.5 

Control 61±11.1 61 534 157 29.4 

 

 



66 

 

Figure 3.1: Least square means (± SE) of milk yield following calving until 63 days in 

milk for 1242 cows randomly assigned to receive 325 mg rbST or placebo biweekly from 

28-22 days before expected calving date until calving. Milk yield was not significantly 

different for any of the weeks following calving between rbST and placebo-treated cows 
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Chapter 4 

SHORT COMMUNICATION: The effect of pre-partum bovin e somatotropin 

administration on dry matter intake and post-partum ovarian cyclic activity of 

dairy cows 
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ABSTRACT 

Fifty two cows from a tie-stall herd in southern Ontario were enrolled in a double-blinded 

clinical trial to investigate the effect of pre-partum administration of recombinant bovine 

somatotropin (rbST) on dry matter intake (DMI) and post-partum ovarian cyclic activity 

of dairy cattle. Cows were randomly assigned to receive 325mg of sometribove zinc 

suspension (n= 26) or placebo injections (n=26). Treatments were initiated at 28 to 22 

days before expected calving and were administered subcutaneously at the depression on 

either side of the tail head every 14 days until calving. Each cow received a maximum of 

3 injections. Dry matter intake was measured in both groups from 21 days before calving 

until 62 days following calving. Dry matter intake was not different between treatment 

and control groups (17.4±0.43 kg and 17.5±0.44 respectively, P= 0.80). Blood samples 

were taken twice for progesterone measurement after including cows from 2 commercial 

herds enrolled in a similarly designed extensive field trial to the analysis (n=285). The 

first blood sample was taken between 36 to 42 days in milk (DIM) and the second blood 

sample between 50 to 56 DIM. Cows were classified as non-cyclic if serum progesterone 

in both samples was < 1ng/ml. There was no difference in the proportion of anovular 

cows between treatment and control groups based on serum progesterone measurements 

(38.0% and 34.3% respectively, RR= 1.09, P= 0.55). 

INTRODUCTION 

Since the approval of rbST for commercial use in lactating dairy cattle in the 

United States 2 decades ago (FDA, 1993) considerable research has been done to study 
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the various effects of rbST on dairy cows. However, only a few studies have investigated 

the effect of pre-partum administration of rbST in dairy cows. 

Results were variable when the effect of pre-partum administration of rbST on 

reproduction was evaluated. Schneider et al. (2012) reported an improvement in ovarian 

activity after calving and an increase of ovulation to the first follicular wave after calving 

for rbST-treated cows while Simmons and co-workers (1994) found no difference in 

reproductive parameters measured including the time to first estrus after calving between 

treated and control cows. On the other hand, studies on pre-partum rbST administration 

consistently found no difference in DMI (Michelone et al., 1999, Putnam et al., 1999, 

Vallimont et al., 2001). 

The objective of this study was to evaluate the effect of pre-partum administration 

of sometribove zinc (Posilac®; Elanco Animal Health, A Division of Eli Lilly and Co., 

Greenfield, IN, USA) on DMI and post-partum ovarian cyclic activity of dairy cows.  

MATERIALS AND METHODS 

A double-blinded clinical trial to study the effect of pre-partum sometribove zinc 

(Posilac®; Elanco Animal Health, A Division of Eli Lilly and Co., Greenfield, IN, USA) 

administration on post-partum ovarian cyclic activity and DMI of dairy cows was 

conducted in southern Ontario. Further study design details are described elsewhere 

(Chapter 2). Through random allocation, cows either received 325 mg of sometribove 

zinc suspension or a placebo subcutaneously at the depression on either side of the tail 

head at the time of enrollment at 28-22 days before calving. Treatment was repeated 

every 2 weeks with a maximum of 3 treatments until calving. To help maintain blinding 
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both the treatment and placebo syringes were identical except that the latter did not 

contain any sometribove zinc.  

Sample size calculation was based on previous data from PDRC on DMI and was 

estimated based on providing a power of 80% to detect an increase of 1 kg in feed intake 

for cows treated with rbST, with 95% confidence. Calculations were based on the 

formula provided by Dohoo et al. (2009). This calculation identified that 80 cows per 

treatment group would be needed to show a 1 kg difference in DMI. Cows in the current 

trial were housed in individual tie-stalls during the trial period and calved in individual 

box stalls so that individual DMI could be measured. Feed intake and refusal were 

recorded daily for each cow enrolled in the trial. Two feed samples were collected from 

each cow twice a week at the time of feeding (Tuesday and Friday) from enrollment until 

63 DIM and from the freshly mixed TMR batch fed to dry and lactating cows (Monday 

and Thursday). Samples were frozen at -20oC. All samples were weighed and then dried 

in a hot air oven at 105oC for 48 hours to calculate the dry matter (DM) content of the 

feed. Total DMI was calculated as the difference between DM of offered and refused 

feed. For data analysis, data for each cow from 3 weeks before calving (in case cows did 

not calve before 3 weeks from enrollment) until 62 DIM was used. For data analysis, 

daily feed intakes for each cow were averaged into weekly intakes. A mixed linear model 

(PROC MIXED in SAS® V. 9.3., SAS institute Inc.; Cary, NC, USA) with cow intakes as 

a repeated measure was used to analyze the data. Different Correlation structures 

(Unstructured, Autoregressive1, AutoregressiveH1, Toeplitz, ToeplitzH and compounded 

symmetry) were tried to choose the one that provided the lowest AIC to continue the 

modeling process. Treatment was the main effect of interest and other variables in the 
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model were lactation group (1, 2 and ≥3), season at the time of enrollment, number of 

treatments (1, 2 or 3), BCS at enrollment (categorized to: < 3.25, 3.25 to 3.75 and > 3.75) 

and time from last treatment until calving (0-7 days or 8-14 days). The model with all 

main effects was run and a variable was eliminated from the model if not significant (P≥ 

0.05) and had no confounding effect on treatment. The interaction between treatment and 

other variables in the model was assessed one at a time. An interaction term was not 

included in the model if not significant (P≥ 0.05). Model fit was assessed graphically by 

plotting residuals against predicted values to identify outliers and assess the homogeneity 

of variance. The assumption of normality was assessed by plotting a histogram of the 

residuals. If required, a log or square root transformation of the dependent variable was 

performed to achieve a normal distribution. 

Progesterone was measured in serum after calving as an indication of cyclic 

activity. Blood samples were collected from the coccygeal vessel from 335 cows; 50 

cows from the current research trial used to measure DMI and 285 cows from 2 

commercial free-stall herds in southern Ontario. Cows were bled 14 days apart, the first 

time at 36 to 42 DIM and the second time at 50 to 56 DIM.  Blood samples were 

collected and stored in a cool place and were centrifuged at 2990 g within 6 hours after 

collection. Harvested serum was stored at -20oC until submitted to the Animal Health 

Laboratory at the University of Guelph for analysis. Progesterone was analyzed using 

Immulite® 1000 Progesterone, Siemens Healthcare Diagnostics, a competitive 

immunoassay procedure using enzyme-labeled chemiluminescent technology validated 

against RIA for cattle. Cows were classified as non-cyclic if serum progesterone in both 

samples was less than 1ng/ml (Silva et al., 2007). A Poisson regression model that 
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controlled for overdisperssion was constructed in SAS® (V. 9.3., SAS institute Inc.; Cary, 

NC, USA) using PROC GENMOD to analyze the difference in cyclic activity between 

the treatment and control groups. In the Poisson regression model, treatment was the 

main effect of interest and other covariates included in the model were farm, lactation 

group (1, 2 and ≥3), number of treatments (1, 2 or 3), body condition score at enrollment 

(categorized to: < 3.25, 3.25 to 3.75 and > 3.75), days from last treatment to calving (1-7 

days or 8-14 days) and the season at calving. A variable was eliminated from the model if 

not significant (P≥ 0.05) and had no confounding effect on treatment. Assessment of 

interactions between treatment and each covariate in the model were performed one at a 

time and any interaction term that was significant (P< 0.05) was kept in the model. 

RESULTS 

Data for DMI were normally distributed. Number of treatments and days from last 

treatment to calving were removed from the model. There was no difference in DMI 

between cows treated with rbST before calving and control cows (17.4±0.43 kg and 

17.5±0.44 respectively, P= 0.80, Figure 4.1). 

For progesterone analysis treatment was the only variable retained in the model. 

There was no difference in the risk of being anovular by 8 weeks post-partum between 

cows treated with rbST before calving and cows treated with placebo (38.0% and 34.3% 

respectively, RR= 1.09, P= 0.56, 95% CI: 0.82-1.45). 

DISCUSSION 

  Dry matter intake typically starts to decrease before calving and reaches its nadir 

at calving time after which it increases gradually (Bertics et al., 1992). When rbST is 
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administered during lactation it results in an increase in DMI (Johnson et al., 1991, 

McBride et al., 1990, West et al., 1990). A meta-analysis including 53 studies done to 

study the effect of rbST on production parameters, showed that DMI was increased in 

cows treated from week 9 of lactation by 1.5 kg/day on average for the time of treatment 

and this increase in DMI was carried over to the first 60 days after calving in the 

following lactation (Dohoo et al., 2003b). The increase in DMI after rbST administration 

during lactation is an adaptive process to respond to the increase in milk production 

(Bauman, 1999). The fact that DMI was similar in both groups in the current study was 

supported by the no difference in milk production among groups (Chapter 3). 

Furthermore, the fact that serum NEFA concentrations and the change in BCS from 

enrollment to 3 weeks were the same among both groups (Chapter 2) supports that rbST 

when administered before calving did not increase milk production (Chapter 3) and DMI. 

Similarly in other studies when rbST was only administered before calving, there was no 

difference in DMI between treated and control cows (Putnam et al., 1999, Simmons et al., 

1994, Vallimont et al., 2001). On the other hand, when rbST treatments were continued 

before and after calving one study showed no increase in DMI (Gulay et al., 2004b) while 

another study showed an increase in DMI only in the post-partum period (Gulay et al., 

2004a).   

The proportion of anovular cows at 53 ±3 DIM was not different in the current 

study between both groups. Risk factors for anovulation include displaced abomasum, 

subclinical ketosis (SCK) and dystocia (Walsh et al., 2007a). In another component of the 

same study (Chapter 2) incidence of SCK was the same for both treatments and the 

incidence of displaced abomasum was low in both groups. In addition, there was no 
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difference between both groups for dystocia (P=0.23). Another recent study showed that 

increased serum NEFA and haptoglobinemia were associated with anovulation (Dubuc et 

al., 2012). In the larger filed trial of the current study (Chapter 2) both serum NEFA and 

haptoglobin were not different between the treatment and control groups. In addition, 

other clinical diseases including reproductive problems recorded in the current study 

were the same in both groups. One study showed that more heifers treated with rbST 

before calving resumed cyclic activity after calving than control heifers (Schneider et al., 

2012). The authors found that rbST-treated heifers had higher pre-partum insulin growth 

factor I (IGF-I), and insulin, and lower blood NEFA, which could contribute to 

resumption of cyclic activity after calving. Insulin and IGF-I were not measured in the 

current study. Schneider et al. (2012) collected blood samples weekly from calving until 

7 weeks post-partum and any heifer with plasma progesterone more than 1ng/ml in 2 

consecutive samples was considered cyclic. This method can classify more cows cyclic 

because of the increased sampling compared to the present method.  
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Figure 4.1: Least square means (± SE) of dry matter intake in the peri-partum period for 

52 individually fed cows randomly assigned to receive 325 mg rbST or placebo biweekly 

from 28-22 days before expected calving date until calving. Dry matter intake was not 

significantly different for any of the weeks relative to calving between rbST and placebo-

treated cows 

 

 

 

 

 

 

 

 

 

0

5

10

15

20

25

30

-3 -2 -1 1 2 3 4 5 6 7 8 9

D
ry

 M
a

tt
e

r 
In

ta
k

e
 (

k
g

)

Week 

rbST

Control



76 

 

 

 

 

 

 

 

 

Chapter 5 

Economics of subclinical ketosis, its prevention and treatment 
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ABSTRACT  

A model to estimate the economic losses caused by subclinical ketosis (SCK) was 

constructed on a spreadsheet. One case of SCK can result in losses up to $340. The 

breakdown of losses was as follows: milk production: $244.2, diseases: $33.5, 

reproduction: $57 and culling: $4.7. A partial budget model was developed to evaluate 

the economic value of using Rumensin® Controlled Release Capsules (CRC) boluses to 

help reduce disease and increase milk production. The return on investment (ROI) for 

using Rumensin® was 5.74:1. Another partial budget model was built to explore the 

economic value of using propylene glycol (PG) to treat SCK when diagnosed by 3 

different cow-side tests; Precision XTRA®, Keto- Test® and Ketostix®. Return on 

investment was highest for Ketostix® however, the same test had the highest opportunity 

cost for cows that were falsely diagnosed as negatives due to its lower sensitivity and the 

small proportion of cows a urine sample can be obtained from. Return on investment was 

the lowest for Precision XTRA® but it increased as the herd size increased because the 

meter cost is added on the cows in the herd. Precision XTRA® had the lowest opportunity 

cost for false negative cows due to its high sensitivity.  

INTRODUCTION 

After calving all lactating dairy cows go through an inevitable phase of negative 

energy balance (NEB) (Herdt, 2000) that results from the lag of dry matter intake behind 

milk production rendering cows susceptible to metabolic diseases (Gerloff, 2000). 

Metabolic and infectious diseases can affect 30-50% of transitioning dairy cattle 

(LeBlanc, 2010). Among the metabolic diseases is Ketosis or hyperketonemia, and 



78 

 

whether in the clinical or subclinical form it is considered as a widespread condition in 

dairy herds across the world (Al-Rawashdeh, 1999, Carson et al., 2008, Yameogo et al., 

2008). Hyperketonemia results in a drop in milk production (Chapinal et al., 2012a, 

Duffield et al., 2009, Ospina et al., 2010b) and reproductive performance (Chapinal et al., 

2012a, Walsh et al., 2007b). In addition, affected cows are more likely to develop 

different diseases such as displaced abomasum, metritis, retained placenta and clinical 

ketosis (Chapinal et al., 2011, Duffield et al., 2009, Ospina et al., 2010c) and are more 

likely to be culled from a herd (Roberts et al., 2012). Furthermore the negative impact of 

hyperketonemia is not only limited to the cow level but it extends to the herd level 

(Chapinal et al., 2012b, Ospina et al., 2010a). As a result economic losses are expected in 

herds encountering high incidence of hyperketonemia.  

Disease prevention and mitigation are strategic goals in dairy herds. Proper 

management during the transition period is critical for the health of dairy cows and can 

help mitigate the impact of NEB resulting in fewer losses and higher profitability of the 

dairy enterprise. One of the management approaches that can be implemented on a dairy 

farm is administration of ionophores such as monensin to help reduce health problems 

and increase milk production (Duffield and Bagg, 2000); administration of ionophores to 

dairy cattle resulted in an improvement in energy metabolism (Duffield et al., 2008a), 

milk production (Duffield et al., 2008b) and health including a reduction in the risk of 

ketosis and DA but not reproductive performance (Duffield et al., 2008c).  

On the treatment side, one of the protocols used to treat hyperketonemia is 

administering propylene glycol orally (Radostits, 2001). Recent studies have found that 

cows diagnosed with SCK and treated with PG were more likely to conceive to the first 
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insemination after calving, resolve SCK and increase milk production, and are less likely 

to develop DA or ketosis and to be culled, compared to cows with SCK that were not 

treated with PG (McArt et al., 2012b, McArt et al., 2011). One should always consider 

the method of diagnosing SCK. Different cow-side tests have different sensitivities and 

specificities (LeBlanc, 2010) resulting in varying numbers of cows being accurately 

diagnosed in a true state which in turn can affect the outcome of a treatment program and 

impact its economic value.  

The objective of the paper was to develop a spreadsheet to model the losses that 

can result from SCK. In addition, economic value of using Rumensin® CRC to help 

prevent post-parturient diseases and the economic value of using PG in treating cows 

diagnosed with SCK using different cow-side tests were modeled. 

MATERIALS AND METHODS 

Cost of clinical diseases  

Costs of each of the clinical diseases used in this paper were obtained from 2 

previous reports (Bar et al., 2008, Guard, 2008). To avoid double counting of milk losses 

in further calculations, the cost of milk losses obtained from the paper by Guard (2008) 

was subtracted from each disease. The cost of disease excluding milk losses was used for 

further calculations.  
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Model for estimating the cost of subclinical ketosis 

A model in an Excel® spreadsheet (Microsoft office 2010, Microsoft, Redmond, 

WA, USA) was developed to estimate the cost of subclinical ketosis. Calculations in the 

model were based on using a serum level of 1400 µmol/L for β-hydroxybutyrate (BHBA) 

as a threshold to identify cows diagnosed as subclinically ketotic. If information in 

literature about increased disease risk or loss in milk production was not available at this 

cutoff value (1400 µmol/L) available information for different cutoffs was used. The 

cutoff value of 1400 µmol/L for BHBA was chosen based on the negative impact 

hyperketonemia can have on health and production of lactating dairy cattle (Duffield et 

al., 2009).  

Calculating the Drop in milk production for cows with SCK  

Different studies showed the negative impact of SCK on milk production; one study 

showed that cows will lose 393 kg/ME 305 lactation at a serum BHBA cutoff ≥ 10mg/dl 

(≥ 961.5 µmol/L) (Ospina et al., 2010b). A second study showed that cows will lose 

333.7 kg/305 day lactation projected from the third DHI test at a serum BHBA threshold 

of 1800 µmol/L (Duffield et al., 2009). The following approach was followed to calculate 

milk loss based on the 2 above mentioned studies:   

1- [(result from 1st study + result from 2nd study)/ 2]/ 305 = Average milk lost (kg)/ 

day in a 305 days lactation cycle  

 

 



81 

 

Calculating the cost due to milk loss for cows with SCK  

After obtaining the price of 1 liter of milk from “The Milk Producer” a publication of 

the dairy farmers of Ontario 

(https://www.milk.org/Corporate/view.aspx?content=aboutus/MilkProducerMagazine) 

(Accessed on August 9, 2013) and using an average market value for the cost of 1 kg of 

feed in dry matter basis, the marginal loss of milk production was calculated. The 

following formulas were used for calculation: 

2- Total loss ($) of milk in a 305 day lactation cycle/ cow = milk price/ liter × 

Average milk lost  due to SCK (kg)/ day × 305 days of loss 

3- Amount of feed saved (kg/ day) due to milk not produced due to SCK = (milk lost 

(kg) due to SCK/ day)/ dairy efficiency 

Where dairy efficiency is the milk yield (kg) produced as a result of feeding one 

kg of dry matter (Britt et al., 2003). To calculate the dairy efficiency the following 

information was used after meeting maintenance requirements: net energy 

lactation (NEL) of 0.75 Mcal/kg of milk and an energy density of 2.1 Mcal/ kg of 

feed on dry matter basis (National Research Council. Nutrient requirements of 

dairy cattle, 2001). From this given information it can be calculated that 1 kg of 

DMI is needed to support the production of 2.8 kg of milk after accounting for 

maintenance requirements.     

4- Feed cost ($) saved in a 305 lactation cycle = result of formula 3 × cost of 1 kg of 

feed in dry matter basis × 305 

5- Marginal loss of milk in a 305 day lactation cycle = result from formula 2 – result 

formula 4 
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Calculating increased odds of disease and culling for cows with SCK  

An average value was calculated based on the results obtained from 3 previous 

reports (Duffield et al., 2009, LeBlanc et al., 2005, Seifi et al., 2011) for displaced 

abomasum, 2 reports (Duffield et al., 2009, Seifi et al., 2011) for clinical ketosis, while 

the result from only one report was used for metritis (Duffield et al., 2009) and culling 

(Roberts et al., 2012).  

Calculating median lactational incidence risk (LIR) of disease for cows with 

SCK  

Three points were considered for this calculation: 

First, median lactational incidence risk from previously published studies were used 

as a baseline for clinical ketosis (Carson, 2008) and metritis (Chapinal et al., 2011), while 

an LIR for displaced abomasum was based on the average of 3 regions (Midwest, 

Northeast and Southeast) from the study by Chapinal et al. (2011).  

Second, A LIR of any disease occurring in a herd is a function of the disease 

developing in cows with SCK and the disease developing in cows without SCK. This 

concept can be expressed by using the following formula: 

LIR of a disease = (percent of cows with SCK × increased odds of developing that 

disease × X) + (percent of cows without SCK × X) 

Where X is the risk of developing that disease. 

Finally, to calculate the median LIR for cows with SCK, the following formula was 

used: 



83 

 

LIR of a disease for cows with SCK = (LIR of SCK × risk of developing that disease × 

increased odds of developing that disease) – (LIR of SCK × risk of developing that 

disease)  

The abovementioned points can be clarified by an example: 

If the LIR of displaced abomasum is 4.8%, the incidence of SCK is 40% and that cows 

with SCK have increased odds of 6.42 to develop abomasal displacement.   

The 4.8% of DA arises from cows with SCK and cows without SCK. This concept can be 

expressed mathematically by the following formula: 

4.8% = (0.4 × 6.42x) + (0.6 × 1x) 

Where 0.4 is the number of cows with SCK (incidence of SCK) that are at increased odds 

(6.42) to develop abomasal displacement, and 0.6 are the cows without SCK that have the 

normal (not increased) odds to develop abomasal displacement. Solving for X = 1.52 = 

risk of developing abomasal displacement. To calculate the LIR for DA that happened as 

a result of SCK, the value for X can be substituted by 1.52:  

0.4 × 6.42 × 1.52 = 3.9%  

This formula accounts for abomasal displacement that occurs in cows with SCK, 

however, had these cows not had SCK, it is still expected for them to have a 1.52% risk 

of DA due to other factors beyond SCK. This simply means that the basal risk of 

displaced abomasum (that will occur whether cows develop SCK or not) should be 

subtracted to avoid overestimation. This concept can be expressed by the following 

formula: 
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(0.4 × 6.42 × 1.52) – (0.4 × 1.52) = 3.3% 

Loss due to increased disease risk due to SCK 

The following formula was used for calculation: 

Loss due to increased disease risk due to SCK = cost of clinical disease × Median LIR for 

this disease for cows with SCK   

Calculating culling cost for cows with SCK   

Calculations were based on the post by John Fetrow on the American Association of 

Bovine Practitioners list-serve (November 22, 2011). Values for a cull cow, replacement 

heifer and new born calf were assumed and then the following formulas were used to 

calculate the culling cost: 

6- Depreciation of a cow by the time culled = cost of pregnant replacement heifer – 

cull cow price 

7- Average depreciation of a culled cow = depreciation of a cow by time culled/ 2 

8- Average cost of a culled cow = cost of pregnant replacement heifer – average 

depreciation of a culled cow 

9- Average price of a newborn = (price of bull calf born by a replacement heifer + 

price of heifer calf born by a replacement heifer)/ 2 

Assuming a 50% probability of a newborn to be either a male or a female 

10- Loss due to premature culling ($) = Average value of a culled cow – cull cow 

price – average price of a newborn 
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Two references were used to estimate the average culling by 60 DIM; one study in 

Pennsylvania herds found a 23% of culling occurred in the first 60 days following calving 

(Dechow and Goodling, 2008) while a Minnesota study found that 20% of culling occurs 

in the first 60 DIM (Godden et al., 2003). Results from both studies were averaged to 

21.5%. And after assuming a turnover rate of 30%, the following formula was used to 

calculate the turnover rate in the first 60 DIM: 

11- Turnover in first 60 DIM (LIR of culling in the first 60 DIM) = 30% × 21.5% = 

6.45% 

And then the same methodology used to calculate the LIR of disease for cows with SCK 

was used to calculate the LIR of culling in cows with SCK. 

Calculating reproductive losses for cows with SCK  

The only assumption was the cost of 1 day open ($3) beyond 100 DIM. All 

information was retrieved from a previous report (Walsh et al., 2007b) about the 

difference in days open between cows diagnosed with SCK and cows without SCK from 

which an average cost of days open for cows with SCK was estimated.  

Impact of Subclinical ketosis 

Economic losses due to 1 case of SCK are a function of drop in milk production, 

increased risk of other diseases, culling and poor reproductive performance. 

Sensitivity analysis 

The change in outcome was observed when one input at a time is changed from the 

basal line assumed in the model and all other inputs remain constant.  
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Model for estimating the economic value of Rumensin® CRC for reduction of 

disease incidence 

 A partial budget was developed to estimate the economic value of Rumensin® 

CRC boluses administered in the close-up period to decrease the incidence of disease 

after calving and increase milk production. Inputs and assumptions in the model 

included: reduction in disease and increase in milk production after administration of 

Rumensin® CRC, price of 1 bolus of Rumensin® CRC, median LIR of each disease in the 

herd that Rumensin® can impact, the cost of each disease and number of cows within a 

certain body condition range, milk price/ liter, dairy efficiency, cost of dry feed/ kg, cost 

of labor/ hour and the number of Rumensin® CRC blouses that can be administered/ hour. 

The following formulas were used to calculate the reduction in each disease Rumensin® 

CRC can result in: 

12- Total loss before using Rumensin® CRC = number of cows affected with the 

disease × cost of each disease 

However, the cost of subclinical ketosis used in calculations included only the cost due to 

loss in milk production, poor reproductive performance and increased culling and 

excluded the cost of diseases (displaced abomasum, clinical ketosis and metritis) as they 

will be accounted for separately in the calculations using the abovementioned formula. 

13- Incidence of disease after using Rumensin® CRC= (1 – percent of disease 

reduction caused by Rumensin® CRC) × LIR of disease in a herd before 

administration of Rumensin® 
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14- Total loss after using Rumensin® CRC = Result from formula 13 × cost of each 

disease 

Increased revenue due to increased milk production after administration of Rumensin® 

CRC for cows within a certain body condition score range was calculated using the 

following formula: 

15- Amount of milk increase in cows in a certain body condition range after using 

Rumensin® CRC = number of cows within the body condition range × amount of 

milk increase for cows in the same body condition range 

16- Increased revenue for increase in milk production = result from formula 15 × milk 

price/ liter × 90 DIM 

Where 90 is the number of days Rumensin® CRC will continue to have an effect for after 

administration. 

17- Extra feed consumed to meet the increase in milk production = Result from 

formula 15/ dairy efficiency  

Then the cost of extra feed to meet the increase in milk production was calculated using 

the following formula: 

18- Cost of extra feed = Result from formula 17 × dry feed price/ kg × 90 

Finally the marginal revenue due to increase in milk production was calculated using the 

following formula:  

Revenue of marginal increase of milk production = result from formula 16 – result from 

formula 18 
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Because it is difficult to disentangle how much of the increase in milk production was 

due to the direct effect of Rumensin® CRC or due to the reduction in SCK, a sensitivity 

analysis specific to milk production was performed.   

Total cost of labor to administer Rumensin® CRC was calculated using the following 

formulas: 

19- Labor hours required/ herd to administer Rumensin® CRC =  number of cows in 

herd/ boluses drenched per hour 

20- Labor costs/ herd = result from formula 19/ hourly wage for labor 

After calculating all the above mentioned formulas the net revenue of using Rumensin® 

was compared to not using it and then ROI was calculated using the following formula: 

21- ROI = (net revenue after not using Rumensin® – net revenue after using 

Rumensin®)/ increased expenses due to using Rumensin® 

Finally a sensitivity analysis was performed to study the effect of change of 1 unit of an 

input on the output. 

Model for estimating the economic value of propylene glycol for treatment of SCK 

 Another partial budget model was used to estimate the economic value of using 

oral PG to treat SCK after being diagnosed using different cow-side tests. The sensitivity 

and specificity of each method of diagnosis of SCK was incorporated into the model; 

using Precision XTRA® to diagnose SCK through a blood sample, Keto-Test® to 

diagnose SCK through a milk sample or Ketostix® to diagnose SCK through a urine 

sample. Furthermore, percent of cows that can donate urine for a Ketostix® test were 
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accounted for in the model. Inputs and assumptions in the model included: reduction in 

disease and culling and increase in milk production after administration of PG, cost of PG 

used for treatment, cost of the method used to diagnose SCK, median LIR of SCK in the 

herd, Incidence of each disease in cows diagnosed with SCK that PG can impact, the cost 

of each disease, milk price/ liter, cost of labor/ hour, number of cows that can be 

drenched/ hour and the number of times a cow will be drenched with PG. Two studies by 

a group from Cornell University and the University of Wisconsin were referenced to 

evaluate the impact of PG on disease and culling reduction (McArt et al., 2012b, McArt 

et al., 2011). In one of the 2 studies (McArt et al., 2012b) risk ratios were reported for 

culling and developing DA in control cows. According to the published paper; control 

cows were 2.1 times more likely to be culled than cows treated with PG. It can be 

concluded that treated cows will be 1/ 2.1 (0.476) times less likely to be culled than 

control cows, which means that PG decreases culling by 1 – 0.476 = 0.524 = 52.4%. The 

same approach was used to calculate the decrease in percentage of DA for cows treated 

with PG. The other paper (McArt et al., 2011) reported hazard ratios for developing CK 

and resolving SCK for cows treated with PG. Using the same approach as mentioned 

above it can be concluded that CK will decrease in cows treated with PG by 1 – 0.54 = 

46%. The same method of calculation was used to calculate the percent of resolving of 

SCK for cows treated with PG. Sensitivity and specificity in addition to the cost of each 

test used to diagnose SCK was obtained from the review by LeBlanc (2010). Sensitivity 

and specificity of Ketostix® was multiplied by the assumed percent of cows that can 

donate urine. After assuming a prevalence of SCK and a size of herd (n = 1), true 

positive, false negative and false positive numbers for each test were calculated. It was 
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assumed that cows will be treated with 300 ml of PG for 4 days. Total cost of PG was 

calculated by summing true positives and false positives and then multiplying them by 

the cost of 1.2 L of PG (300 ml × 4 days). Total cost of herd testing was calculated by 

multiplying the cost of 1 test and the number of cows in the herd. After assuming the 

incidence of a certain clinical disease in cows diagnosed with SCK, the following 

formulas were then used for calculations: 

22- Number of cows diagnosed with both a certain clinical disease and SCK = 

incidence of this disease in cows with SCK × number of true positives of each 

cow-side test 

23- Reduction in a certain disease in cows with SCK and treated with PG = result 

from formula 22 × (1 – percentage by which PG will decrease this disease)             

24- Total losses due to a certain disease if SCK was not treated = cost of 1 case of this 

disease × incidence of this disease in cows with SCK × prevalence of SCK 

25- Total losses due to a certain disease if PG was used to treat SCK = cost of 1 case 

of this disease × Reduction in a certain disease in cows with SCK and treated with 

PG 

26- Opportunity cost for cows with SCK that were diagnosed and not treated (are 

more likely to develop a certain disease) = cost of 1 case of this disease × 

incidence of this disease in cows diagnosed with SCK × number of false negatives 

For one cow with SCK both marginal increase (if treated) and decrease (if not treated) of 

milk production after using or not using PG was calculated using the following formulas: 
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27- Total increase or decrease of milk production/ cow = amount of milk increased if 

PG is used (or decreased if PG is not used) × price of milk/ liter × number of days 

milk is increased or decreased 

28- Extra feed consumed (or saved) due to milk increase (or decrease) (kg/day) = 

amount of milk increased if PG is used (or decreased if PG is not used)/ dairy 

efficiency 

29- Cost of extra feed consumed (or saved) = result from formula 28 × number of 

days milk is increased or decreased  × cost of 1 kg of feed in dry matter basis 

30- Cost of marginal increase (or decrease) of milk = formula 27 – formula 29 

Then the result from formula 30 was multiplied by the number of true positives of each 

cow-side test to calculate the marginal revenue for increased milk production for each 

cow-side test, and also the result form formula 30 was multiplied by the number of false 

negatives to calculate the opportunity cost for milk not produced for cows that were not 

treated as they were missed by each cow-side test.  

Total cost of labor to administer PG was calculated using the following formulas: 

31- Labor hours required/ herd to administer PG =  [(number of true positives + 

number of false positives)/ number of cows drenched per hour] × number of times 

a cow will be drenched  

32- Labor costs/ herd = result from formula 31/ hourly wage for labor 

After calculating all the above mentioned formulas the net revenue of using PG after 

diagnosing SCK with each cow-side test was compared to not using it and then ROI was 

calculated using the following formula: 
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33- ROI = (net revenue after not using PG – net revenue after using PG)/ increased 

expenses due to using PG 

Finally decreased revenues for false negative cows resulting by each cow-side test were 

compared. A sensitivity analysis was done to study the impact of 1 unit change of an 

input on the net revenue after diagnosing SCK with 3 different methods and using PG for 

treatment. 

RESULTS 

 Because of the close exchange rate between Canadian and US dollars at the time 

of performing the current analysis (1 Canadian dollar = 0.98 US dollar), all values listed 

in the results section could be applied to US or Canadian dairy industries with only slight 

changes. 

Cost of 1 case of disease obtained from the paper by Guard (2008) and Bar et al. 

(2008) and used in this paper was as follows: clinical ketosis: $232, displaced abomasum: 

$494, metritis: $315, retained placenta: $315 and mastitis: $205. After subtraction of the 

cost of milk losses from each disease the following numbers were obtained and used for 

further calculations: clinical ketosis: $141, displaced abomasum: $343, metritis: $216, 

retained placenta: $216 and mastitis: $183.  

Model for estimating the cost of subclinical ketosis 

Results for calculating the drop in milk production due to SCK was 1.19 kg/day, 

the increased odds of DA, CK, metritis and culling due to SCK were 6.42, 5.48, 2.51 and 

1.8 respectively. Table 5.1 shows the Median LIR of each disease in a herd, risk of 
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developing disease, median LIR of each disease for cows with SCK and loss due to 

increased disease risk due to SCK. Total losses due to the negative impact on health were 

$33.5. Losses due to drop in milk production, culling and poor reproductive performance 

due to SCK were $244.2 (Table 5.2), $4.7 (Table 5.3) and $57 (Table 5.4) respectively. 

One case of SCK can result in economic losses up to $340. Figure 5.1 shows the change 

in the cost of SCK by changing the range of the inputs from minimum to maximum one 

at a time. 

Model for estimating the economic value of Rumensin® CRC for reduction of 

disease incidence 

 The effects of Rumensin® CRC on reduction of different diseases are summarized 

in Table 5.5. Table 5.6 shows assumptions used as inputs in the model. Losses/ cow after 

using Rumensin® CRC were $191.55 while the losses if Rumensin® CRC is not used will 

be $297.71. Return on investment after using Rumensin® CRC is 5.74:1. Table 5.7 shows 

the breakdown of losses after using or not using Rumensin® CRC. Sensitivity analysis for 

milk production is shown in figure 5.2. Sensitivity analysis showed that a change of 1 

unit in the price of Rumensin® CRC had the greatest impact on ROI (Figure 5.3). 

 Model for estimating the economic value of propylene glycol for treatment of SCK 

 Effects of PG on disease and culling reduction in addition to the increase in milk 

production in treated cows are shown in Table 5.8. Table 5.9 shows the sensitivity and 

specificity of each test used for diagnosis of SCK and the number of true positives, false 

positives and false negatives for each test assuming a herd size of 1 cow and 40% 

prevalence of SCK. Table 5.10 shows different assumptions and final calculations used in 
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building the partial model. The partial budget showed a ROI of $1.19 for Precision 

XTRA® when the herd size was only one cow. Return on investment for Precision 

XTRA® increased to $10.6 when the herd size was 50 cows and $11.13 for a herd size of 

100 cows. Return on investment for Keto-Test® and Ketostix® was fixed across herd 

sizes and was $14.9 and $21.08 respectively. Opportunity cost for false negative cows 

was the lowest for Precision XTRA® ($18.93), followed by Keto-Test® ($34.08) and then 

Ketostix® ($99.6). Figures 5.4 to 5.6 show Tornado plots representing the sensitivity 

analysis for the ROI of each of the cow-side tests with the cost of the meter and percent 

of SCK being the most sensitive inputs for the Precision XTRA® test. Cost of the test, 

cost of treatment and the prevalence of SCK were the most sensitive inputs for the Keto-

Test®. And finally the cost of treatment and prevalence of SCK were the most sensitive 

inputs for the Ketostix®. 

DISCUSSION 

Model for estimating the cost of subclinical ketosis 

Losses resulting from SCK in the current study totaled to $340 for 1 case which 

are lower than losses reported by Esslemont (Esslemont, 2012) of €735 ($960) for 1 case 

of SCK. It is not fully clear from the abstract published by Esslemont (2012) how this 

value was calculated but it could be that the author directly summed losses by each 

disease without considering the risk of its occurrence in a cow with SCK. One other 

explanation could be that the author included basal incidence of disease (disease 

incidence that will occur whether SCK occurs or not) in the calculations to estimate 

losses caused by SCK, resulting in an overestimation of the cost of SCK. Both issues 
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mentioned above were controlled for in the current study by considering the risk of 

disease in cows SCK and by subtracting baseline disease incidence to avoid double 

counting and thus overestimating losses. However, it is difficult to fully control for 

overestimation of the cost of SCK especially when disease costs are used from a previous 

report (Guard, 2008). The reason is that diseases in the fresh period are interrelated and if 

one disease occurs it will increase the risk of other diseases. For example, there will be 

some degree of double counting since the cost of some cases of metritis are already 

accounted for in the cost of retained fetal membranes. In an effort to minimize 

overestimation in the current analysis the cost of milk losses was subtracted from the 

actual disease costs reported by Guard (2008). This will result in accounting for milk 

losses due to SCK and not due to other diseases. On the other hand losses calculated in 

the current study are higher than what was calculated in an older study (Geishauser et al., 

2001) that estimated the cost of 1 case of SCK to be $78. Authors of this study only 

estimated a loss of milk for 2 weeks while in the current study milk loss was estimated to 

be over a 305 days lactation cycle. The authors also used a lower risk for developing 

disease than in the current study; for example a 3 fold increase in the risk of DA and CK 

was used compared to a 6.5 and 5.5 fold increase in the risk of developing both diseases 

respectively in the current study, in addition culling was not accounted for in the older 

study. It is worth mentioning that the authors also overestimated the losses due to 

developing other diseases as they included basal disease incidence in their calculations 

which means that losses due to SCK is even lower than what they reported. The study 

referred to (Geishauser et al., 2001) is more than 10 years old and one has to 

acknowledge that literature about hyperketonemia cited in the current study was not 
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available to authors at the time their study was published. In addition there is a difference 

between the cost of other diseases and milk prices now and more than 10 years ago; for 

example milk price now is 2.6 times higher than the price listed in the older study. The 

result of the current study was also compared to unpublished data (Dr. Todd Duffield- 

personal communications) that estimated a loss of $376 for 1 case of SCK, which is a 

closer estimate to the current result. It was noticed that the same approach to calculate 

losses was followed by the author who accounted for production loss, diseases, culling 

and poor reproductive performance. In addition the author accounted for disease 

incidence in cows with SCK and avoided overestimation of losses resulting from 

increased risk of other disease. One should also note that losses in the current model were 

based on a cutoff of 1400 µmol/L for blood BHBA during the first week after calving and 

that losses will vary by changing the cutoff value and whether this value is in the first or 

second week after calving or both together. Modeling such changes would have added 

more value to the model but they were not done due to the complexity associated with 

such calculations.  

When possible, results from other studies were averaged to obtain a more accurate 

estimate for increased disease odds in cows with SCK. Results from one study (Ospina et 

al., 2010c) were not included because the authors reported disease as risk ratios rather 

odds ratio used in the current study. Calculation of losses due to drop in milk production 

was based on marginal losses rather than total losses which accounts for the cost of feed 

saved due to milk not produced assuming that cows with SCK have the same dairy 

efficiency as normal cows. When costs of culling were calculated the opportunity cost for 

milk that could have been produced had the cow not been culled was not accounted for as 



97 

 

the replacement heifer will compensate for this production. There is abundant literature 

showing the impact of SCK on reproductive performance (Chapinal et al., 2012a, Ospina 

et al., 2010b) but only one study was cited (Walsh et al., 2007b) as it explicitly showed 

the increase in days open for cows with SCK. It was difficult to translate poor 

reproductive performance reported by other studies into monetary values and therefore 

they were not included in the modeling process. Sensitivity analysis showed that the milk 

price, extension of the lactation cycle beyond 305 days and feed price were sensitive 

inputs. The reason for that sensitivity is because of the high loss in milk production due 

to SCK and because they are all included in the calculation of losses from dropped milk 

production. The cost of 1 day open beyond 100 days is among the sensitive inputs, the 

reason is because of the increase in days open for cows with SCK. The wide variation in 

SCK among herds resulted in the sensitivity of the prevalence of SCK.  

Model for estimating the economic value of Rumensin® CRC for reduction of 

disease incidence 

The current model showed an economic benefit of using Rumensin® CRC to help 

prevent diseases in a dairy herd. The more prevalent diseases are in a herd, the higher the 

value of using Rumensin® CRC. The partial budget done was straight forward; only 

comparing the decrease in disease incidence after using it to not using it at all in addition 

to calculating the marginal revenue due to increased milk production and labor costs 

associated with administration of the boluses. Reproductive performance and culling 

were not included as parameters in the model because a meta-analysis with 9,500 cows 

included showed no impact of monensin on both parameters (Duffield et al., 2008c). 

There are no previous reports that studied the economic value of Rumensin® CRC to help 
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reduce disease and increase milk production. Overestimation was accounted for during 

calculations; disease costs excluding milk losses were used and the cost of SCK included 

in the analysis did not include losses due to increased risk of other diseases (displaced 

abomasum, clinical ketosis and metritis) because each of these diseases was accounted 

for separately during the analysis. Since it is not known how much of the increase in milk 

production is due to the direct effect of Rumensin® CRC and how much is due to the 

reduction in incidence of SCK the sensitivity analysis was performed. For example, when 

milk production was reduced by 10% this means that we accounted for 90% of the 

increase in milk production to be due to the direct effect of Rumensin® CRC and 10% 

was already accounted for due to reduction in SCK. The maximum (basal value) and 

minimum values of ROI resulting from the sensitivity analysis were $5.74 and $3.54 

respectively showing there is still a positive impact of using Rumensin® CRC; however it 

will be lower if less milk production was due to the direct effect of Rumensin® CRC. The 

price of Rumensin® CRC was the most sensitive input. This is because of the high price 

of the capsule that is administered to all cows within a herd. The same argument as for 

SCK can be considered when explaining the sensitivity of SCK, meaning that the wide 

range of SCK prevalence among herds resulted in this sensitivity.  

Model for estimating the economic value of propylene glycol for treatment of SCK 

 Monitoring dairy cows to early identify disease is a common practice within 

many herds. However monitoring is emphasized during the critical transition period that 

was defined as 3 weeks before and after calving (Grummer, 1995). Different approaches 

can be followed to develop a monitoring program with recommendations that can be used 

as guidelines (LeBlanc, 2010, Oetzel, 2004). One of the monitoring tools is measuring 
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blood BHBA, and with validation of different cow-side tests it became easier, faster and 

cheaper to test cows. The outcome of the cow-side test depends on the sensitivity and 

specificity of the test used (LeBlanc, 2010) which will have an impact on the cow-level in 

terms of the number of cows treated including ones that were diagnosed truly and falsely 

or the number of cows that will not be treated because of being falsely diagnosed as non-

diseased. The impact on the herd-level can therefore be manifested in terms of economic 

profits or losses due to lowered disease incidence, enhanced reproductive performance 

and fewer culling for treated cows (McArt et al., 2012b, McArt et al., 2011).  

The model, the model used to evaluate the economic benefits of using PG to treat 

SCK diagnosed with different cow-side tests showed a positive value. The limited 

number of diseases included in the model (DA and CK) was because of the limited 

literature available that studied the effect of using PG to treat SCK and its impact on 

other diseases. McArt and co-workers (2012b) found no difference in days open between 

treated and control cows and in addition to the difficulty to value an increase in 

conception risk, reproductive performance was not included in the current model. The 

dose of 300 ml/day was from a recent study (McArt et al., 2011) and the duration of 

treatment for 4 days was concluded from the same study as it was the median time from 

diagnosis of SCK to resolution of SCK (based on the survival curve in the study). Return 

on investment for Precision XTRA® varies by herd size because of the additional cost 

associated with the purchase of the meter used to measure blood BHBA concentrations. 

The price of the meter is added on the number of cows tested; therefore ROI increases as 

the number of cows increase. Return on investment for Ketostix® was the highest and 

was lowest for Precision XTRA®. Ketostix® has the lowest sensitivity which means that 
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test will diagnose the fewest number of true positive cows among the 3 tests evaluated 

and therefore losses from diseases and culling after using PG will be the least (due to the 

few number of cows treated) resulting in the high ROI, while precision XTRA® has the 

highest sensitivity resulting in the highest number of cows to be diagnosed and therefore 

the highest losses. On the other side, Ketostix® has the highest opportunity cost (losses) 

because of the high number of false negative cows that will not benefit from the 

treatments while it is the lowest for precision XTRA® that results in the least number of 

false negative cows. As for the model estimating losses from SCK; sensitivity analysis 

showed that the prevalence of SCK was a common sensitive input among the 3 evaluated 

tests because of the higher prevalence used in the current model to represent an average 

values in North American dairy herds that have a prevalence range of 8 to 80% of SCK 

(Duffield, 2000). Cost of the meter was a sensitive input in the Precision XTRA® model 

as the Tornado plot was done based on 1 cow, and as the number of cows increase the 

less the sensitivity will be for the price of the meter. Cost of treatment was sensitive for 

both Keto-Test® and Ketostix® could be because of the higher number of false positives 

diagnosed by both tests compared to Precision XTRA® resulting in an increase in the 

number of treated cows which will have no impact on other diseases and therefore of no 

economic value. The same above-mentioned reason for why the cost of treatment was 

sensitive for Keto-Test® and Ketostix® could also explain the sensitivity of the cost of the 

test for Keto-Test® only. Cost of the test for Ketostix® was probably not as sensitive 

because of its low value ($0.25). One should consider that the sensitivities and 

specificities of different cow-side tests evaluated in the current model were relative to a 

laboratory measurement of serum BHBA≥ 1400 µmol/L (LeBlanc, 2010) which means 
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that they could vary at a different cutoff or by prevalence of SCK within a herd. There are 

no previous reports that studied the economic value of PG to treat SCK after being 

diagnosed with different side-cow tests.   

 In conclusion, losses due to SCK can impact profitability of a dairy herd 

especially if it has a high incidence within the herd. Return on investment for Rumensin® 

CRC was positive and the impact it can have depends on how prevalent diseases are in a 

herd. The impact of propylene glycol can have depends on how prevalent diseases are 

and the method used to diagnose SCK. This analysis emphasizes the importance of 

implementing prevention and monitoring programs during the transition period. 

However, each program should be tailored specifically to fit the settings and goals of 

each herd and maximize profitability.    
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Table 5.1: Median lactational incidence risk of each disease in a herd, risk of developing 

disease, median lactational incidence risk of each disease for cows with SCK and the loss 

due to increased disease risk due to SCK  

 DA CK Metritis SCK 

Median LIR (%) 4.8 9.6 16.7 40.0 

Baseline risk (%) 1.52 3.44 10.41 - 

Attributable risk (%) 
 

3.3 6.2 6.3 - 

Loss ($)/case due to  
SCK1 

11.27 8.69 13.58 - 

1Loss due to increased risk of developing disease due to SCK 
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Table 5.2: Inputs used and results of calculations of estimated economic losses because 

of drop in milk production due to SCK 

Item Value 

Milk price ($)/ Liter1 0.78 

Milk lost (kg) due to SCK/ day 1.19 

Length of lactation cycle (days) 305 

Total loss ($) of milk/ lactation cycle/ cow 283.1 

Dairy efficiency2 (kg) 2.8 

Cost ($) of 1 Kg feed in dry matter basis 0.30 

Feed saved due to drop in milk production 
due to SCK (kg/ day) 

 

0.43 

Feed cost ($) saved due to drop in milk 
production/ lactation cycle 

 

38.89 

Marginal loss ($) of milk production/ 
lactation cycle 

244.21 

1Milk price was obtained from “The Milk Producer” a publication of the dairy farmers of 
Ontario: 
https://www.milk.org/Corporate/view.aspx?content=aboutus/MilkProducerMagazine 

(Accessed on August 9, 2013) 

2Dairy efficiency: is the milk yield (kg) produced as a result of feeding one kg of dry 
matter 
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Table 5.3: Inputs used and results of calculations of estimated economic losses because 

of culling due to SCK 

Item Value 

Cost ($) of pregnant replacement heifer  1,500 

Cull cow price ($) 600 

Depreciation ($) of cow by time culled  900 

Average depreciation ($) of a culled cow  450 

Average cost ($) of a culled cow  1,050 

Bull calf price ($) born by replacement heifer  50 

Heifer calf price ($) born by replacement heifer  250 

Average price ($) of a newborn  150 

Loss ($) due to premature culling  300 

Turnover rate (%) 30 

Turnover rate in 1st 60 DIM (%) 6.45 

Risk of culling in 1st 60 DIM (%) 4.89 

Median LIR of culling for cows with SCK (%) 1.56 

Loss due to premature culling due to SCK ($) 4.69 

 

 

 

 



105 

 

Table 5.4: Inputs used and results of calculations of estimated economic losses because 

of poor reproductive performance due to SCK 

Item Value 

Median time (days) to pregnancy in cows 
with no SCK 

 

108 

Median time (days) to pregnancy in cows 
diagnosed SCK in 1st or 2nd week post-

partum 
 

124 

Median time (days) to pregnancy in cows 
diagnosed SCK in 1st and 2nd week post-

partum 
 

130 

Increase in days open for SCK cows 
diagnosed in 1st week post-partum 

 

16 

Increase in days open for SCK cows 
diagnosed in 2nd week post-partum 

 

22 

Cost ($) of 1 day open beyond 100 days 3.0 

Cost ($) of days open for SCK cows 
diagnosed in 1st week post-partum 

 

48.0 

Cost ($) of days open for SCK cows 
diagnosed in 2nd week post-partum 

 

66.0 

Average cost ($) of days open for cows 
with SCK/ lactation 

57.0 
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Table 5.5: The effects of Rumensin® CRC on reduction of different diseases and 

increasing milk production  

Effect of Rumensin® Reference LIR before (%)1 

 
LIR after (%)2 

 

Decrease CK by 25% (Duffield et al., 2008c) 9.6 7.2 

Decrease  SCK by 50% (Duffield et al., 1998) 40 20 

Decrease mastitis by 

9% 

(Duffield et al., 2008c) 40 36.4 

Decrease metritis by 

16% 

(Duffield et al., 2008c) 16.7 14 

Decrease RP3 by 8% (Duffield et al., 2008c) 16.7 15.4 

Decrease DA by 25% (Duffield et al., 2008c) 4.8 3.6 

Increase milk 
production in cows with 

BCS4 3.25-3.75 at 
calving by 0.85 kg/ day 

 

(Duffield, 1997) - - 

Increase milk 
production in cows with 
BCS ≥ 4 at calving by 

1.2 kg/ day 

(Duffield, 1997) - - 

1Incidence before (%): baseline median LIR of disease without administration of a bolus 
of Rumensin® CRC  

2Incidence after (%): median LIR of disease after administration of a bolus of Rumensin® 
CRC 

3RP= Retained placenta 

4BCS= Body condition score 
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Table 5.6: Assumptions used in the partial budget to estimate the economic value of 

using Rumensin® Controlled Release Capsule (CRC) to reduce disease incidence 

Item Assumption 

Price of Rumensin® CRC $18 

Percentage of cows with BCS 3.25-3.75 65% 

Percentage of cows with BCS ≥ 4 10% 

Hourly wage for labor $15 

Number of boluses drenched/ hour 30 
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Table 5.7: Breakdown of revenues and expenses after using or not using Rumensin® 

CRC to reduce the incidence of disease and increase milk production 

 Using Rumensin® Not using Rumensin® 

Increased Revenues ($)   

Increased milk production 40.72 0.00 

Decreased Revenues ($)   

CK 10.15 13.54 

SCK 61.18 122.36 

Mastitis 66.61 73.20 

Metritis 30.30 36.07 

RP 33.19 36.07 

DA 12.35 16.46 

Increased expenses($)   

Labor 0.50 0.00 

Cost of Rumensin® CRC 18.00 0.00 

Net ($) 191.55 297.71 
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Table 5.8: The effects of PG used to treat SCK on reduction of different diseases and 

culling and increasing milk production 

Effect of propylene glycol 

Decrease clinical ketosis by 46% 

Decrease SCK by 50% 

Decrease DA by 37.5% 

Decrease culling by 52.4% 

Increase milk production by 0.69 kg/ day for 30 days 
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Table 5.9: Sensitivity and specificity of each cow-side test used to diagnose SCK and the 

number of true positives, false positives and false negatives within each testing method 

assuming a herd size of 1 cow and a prevalence of 40% for SCK 

 Precision XTRA® Keto-Test® Ketostix®1 

Sensitivity 90% 82% 79% 

Specificity 96.5% 94% 96% 

True positive 0.360 0.328 0.190 

False positive 0.021 0.036 0.254 

False negative 0.040 0.072 0.210 

1Sensitivity and specificity of Ketostix® is only applied to cows that a urine sample can 
be obtained from. The baseline used in this model was 60% of cows will donate a urine 
sample resulting in a sensitivity and specificity of 47.4% and 57.6% respectively for 
ketostix® 
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Table 5.10: Assumptions used in the partial budget to estimate the economic value of 

using PG to reduce disease incidence with an assumption of a herd size of 1 cow 

 Precision XTRA® Keto-Test® Ketostix® 

Cost of test $3.0 $2.0 $0.25 

Cost of meter $40.0 - - 

Cows donating urine - - 60% 

Cost of 4 doses of 

PG 

$12 $12 $12 

Total cost of PG $4.57 $4.37 $5.33 

Cost of testing/ herd $43.0 $2.0 $0.25 

Total cost of labor $0.76 $0.73 $0.89 
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Figure 5.1: A Tornado plot depicting the change in the cost of 1 case of SCK due to the 

change of 1 input at a time from the minimum to the maximum value. Values between 

parentheses are baseline values used in building the model while values on the sides of 

the bars are the minimum and maximum values used for sensitivity analysis. The line in 

the middle of the plot separating minimum and maximum bars represents losses due to 1 

case of SCK resulting from using the baseline values of different inputs  
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Figure 5.2: Effect of 10% decrements in milk production on the return on investment 

(ROI) after using Rumensin® CRC. The intersection between the horizontal and vertical 

axis represents the baseline ROI used in the analysis. The sensitivity analysis was 

performed to simulate different scenarios of what percentage of the increase in milk 

production after administration of Rumensin® CRC could be attributed to the direct effect 

of administering it and what could be attributed to the reduction in the incidence of 

subclinical ketosis. For example, 10% reduction in milk production means 90% is 

accounted for due to direct use of Rumensin® CRC and 10% was already accounted for 

due to reduction in SCK   
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Figure 5.3: A Tornado plot depicting the change in the return on investment after using 

Rumensin® CRC due to the change of 1 input at a time from the minimum to the 

maximum value. Values between parentheses are baseline values used in building the 

model while values on the sides of the bars are the minimum and maximum values used 

for sensitivity analysis. The line in the middle of the plot separating minimum and 

maximum bars represents ROI (indicated by $ of Return for 1$ invested) resulting from 

using the baseline values of different inputs 
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Figure 5.4: A Tornado plot depicting the change in the return on investment after using 

PG to treat SCK diagnosed by Precision XTRA® due to the change of 1 input at a time 

from the minimum to the maximum value. Values between parentheses are baseline 

values used in building the model while values on the sides of the bars are the minimum 

and maximum values used for sensitivity analysis. The line in the middle of the plot 

separating minimum and maximum bars represents ROI (indicated by $ of return per 1$ 

of investment) resulting from using the baseline values of different inputs 
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Figure 5.5: A Tornado plot depicting the change in the return on investment after using 

PG to treat SCK diagnosed by Keto-Test® due to the change of 1 input at a time from the 

minimum to the maximum value. Values between parentheses are baseline values used in 

building the model while values on the sides of the bars are the minimum and maximum 

values used for sensitivity analysis. The line in the middle of the plot separating 

minimum and maximum bars represents ROI (indicated by $ of return per 1$ of 

investment) resulting from using the baseline values of different inputs 
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Figure 5.6: A Tornado plot depicting the change in the return on investment after using 

PG to treat SCK diagnosed by Ketostix® due to the change of 1 input at a time from the 

minimum to the maximum value. Values between parentheses are baseline values used in 

building the model while values on the sides of the bars are the minimum and maximum 

values used for sensitivity analysis. The line in the middle of the plot separating 

minimum and maximum bars represents ROI (indicated by $ of return per $1 of 

investment) resulting from using the baseline values of different inputs 
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 Recent research has pointed out that up to 50% of dairy cows can be affected with 

metabolic and/or infectious disease during the vulnerable transition period (LeBlanc, 

2010) which therefore can be considered the most critical time of the lactation cycle. 

Thus, if proper attention to management of cows during this phase is achieved then a lot 

of disease incidence and poor performance can be minimized. Management protocols 

vary across dairy farms and research is undertaken to provide stakeholders with current 

and updated evidence-based information that can help them develop and implement 

monitoring and prevention programs. 

 The goal of this research was to assess the effects of rbST when administered in 

the pre-partum period on health and performance of dairy cows. The objective of this 

project was to measure disease incidence, milk production, metabolic indicators, early 

reproductive performance and dry matter intake of transition cows after pre-partum 

administration of rbST. Another objective was to conduct an economic analysis to 

estimate the cost of a case of subclinical ketosis and estimate the economic value of using 

ionophores to prevent disease and propylene glycol to treat subclinical ketosis after being 

diagnosed with different cow-side tests.  

It can be concluded from this study that administration of 325 mg of rbST in the 

pre-partum period had no significant effects on health, dry matter intake, reproductive 

performance and milk production of dairy cows. Although statistical difference was 

observed for some of the parameters measured in the current trial such as lower BCS, 

higher BHBA and glucose for treated cows, these were not of practical importance. This 

trial included more than 1350 cows and first lactation heifers, a number that generated 

sufficient power to detect small differences between the treatment and control groups. 
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However, treatment effects from applied clinical trials should always be interpreted 

within the context of practical and economic relevance. 

 It can also be concluded from this study that 1 to 3 treatments of rbST in the pre-

partum period only was not sufficient to mitigate the negative impacts associated with the 

transition period or improve cow health and productivity. One important action of 

somatotropin is to decrease the inhibitory effect of insulin on glucose synthesis in the 

liver and also to decrease the action of insulin on peripheral tissues to take up glucose. As 

a result, more glucose will be available for the mammary tissue for milk production 

(Bauman, 1992, Bauman et al., 1989). From the results obtained in the current trial, it 

could be speculated that the low dose and few treatments used resulted in an increase in 

blood glucose that was not sufficient to reduce fat mobilization (represented by higher 

serum BHBA), nor was it sufficient to cause an increase in milk production following 

calving. One can also conclude from such results that this short duration of rbST 

administration might not have exacerbated the effect of insulin resistance that all dairy 

cows experience in the transition period, although one should be cautious about such a 

conclusion as blood insulin concentrations were not measured in the current trial.    

When rbST is administered to lactating cows, milk increase is immediate while 

the increase in feed intake as an adaptive process takes a longer time (Bauman, 1999). 

From this fact one can also deduce that the few rbST treatments administered only before 

calving in the current trial might not be enough to influence the mammary gland 

epithelial cells to produce more milk after calving. Bovine somatotropin exerts its action 

on the mammary gland indirectly through IGF-I (Bauman, 1992), and although not 

measured in the current trial, it was expected that rbST administration will result in an 
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increase in serum IGF-I at least in the period before calving. One has to note that bovine 

somatotropin normally increases after calving and that this increase coincides with a 

decrease in IGF-I (Radcliff et al., 2003). It could be that the increase in IGF-I (if any) 

following rbST administration was offset by the normal physiological process that 

happens at calving time resulting in the reduction of circulating IGF-I that was in turn 

translated as similar milk production between the treatment and control groups. Such a 

conclusion, that administering rbST only before calving is not sufficient to result in an 

increase in milk yield could be supported by trials that were conducted previously and 

administered rbST for a longer period that extended from before calving to 42 days 

following calving and found an increase in milk production (Gulay et al., 2004b, Gulay et 

al., 2003). Not only that, but also if a lower dose of rbST was used and then followed by 

higher dose, the increase in milk production will extend for a longer time (Gulay et al., 

2004b) compared to use of only lower doses (Gulay et al., 2003). Considering dry matter 

intake, using the fact reported by Bauman (1999) that the increase in feed intake 

following rbST administration is an adaptive process and takes longer than the time 

required to observe an increase in milk production, one can argue that the treatment 

regimen for rbST administration followed in the current trial was not adequate to 

influence dry matter intake as it did not influence milk production. 

The study described in chapter 4 where dry matter intake after pre-partum 

administration of rbST was measured had a limited number of cows enrolled (n = 52) 

which limited statistical power. This part of the study was conducted after preliminary 

results on disease, blood parameters and production were obtained showing that there 



122 

 

were no significant differences between treatment and control groups and therefore it was 

decided to limit the number of cows in this part of the study due to expected results.        

Economic modeling of the negative impact of SCK on health, production, culling 

and reproduction showed that a case of SCK can result in losses up to $340 at a cutoff of 

1400 µmol/L for blood BHBA. Such a result highlights the importance of SCK, not only 

because of the negative impacts it can have on health and performance but also because 

the economic losses associated with it that can affect the profitability of a dairy farm. 

Using Rumensin® CRC to help in disease reduction and increase milk production had 

ROI of 5.75:1. The impact Rumensin® CRC can have depends on how prevalent diseases 

are in a herd. The return on investment for using propylene glycol to treat SCK depended 

on the cow-side test used for diagnosis, being the highest for Ketostix® and lowest for 

Precision XTRA®. On the other hand, the opportunity cost for cows that were falsely 

diagnosed as negatives is the highest for Ketostix® and lowest for Precision XTRA®. The 

impact that propylene glycol can have depends on how prevalent diseases are and the 

method used to diagnose SCK. Based on this result, ideally a test with high sensitivity 

and specificity should be used for diagnosis to obtain the most accurate results that will in 

turn help achieve the best possible economic outcomes. One has to consider that dairy 

farms have different facilities and goals and in this case the best method for diagnosis of 

subclinical ketosis will be the one that fits the dairy.  

Simplicity of this economic analysis could be one of its limitations. For example 

only the impact of clinical ketosis, retained placenta and metritis were incorporated in 

quantifying the cost of SCK. The analysis was limited to these diseases because of the 

availability of information in published studies. The same limitation applies to the 
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analysis done to quantify the economic value of using propylene glycol to treat SCK as 

only the impact of clinical ketosis and displaced abomasum were included in the analysis 

due to limited information in available literature. Quantifying the impact on reproduction 

can be considered as one of the limitations as well; it was only limited to days open when 

incorporated in quantifying the cost of SCK and was not included at all when estimating 

the impact of propylene glycol to treat SCK because of the complexity of calculations 

required to estimate the cost of improvement in pregnancy risk and quantifying the value 

of a pregnancy. One other limitation is that most of the analysis was based on a blood 

BHBA threshold of 1400 µmol/L. Different thresholds are associated with different 

losses and the higher the threshold the more the loss in milk production and the increased 

risk to develop disease.      

As a final conclusion, it is not recommended to administer rbST only during the 

pre-partum period as one of the management approaches for transition dairy cows based 

on results from the current study. Such results warrant a larger clinical trial to confirm the 

results obtained from smaller trials that showed a positive effect on health and 

performance when rbST was administered during both the pre and post-partum period, 

and until such evidence is generated from quality research, following currently 

recommended protocols during the transition period such as administering ionophores, 

excellent management of dry and fresh cows, and proper barn and stall design will help 

improve cow performance and welfare. The fact that most disease events including SCK 

occur during the transition period emphasizes the importance of implementing disease 

prevention and monitoring programs. Each program should be tailored specifically for 

each farm to help in achieving their goals and obtain the best results possible. More 
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research is still needed to study the association of SCK with diseases such as mastitis, 

milk fever and lameness and to better understand links between the drop in dry matter 

intake, immune function and disease that occur during the transition period. If further 

associations with SCK are identified, a more detailed economic analysis to accurately 

estimate the cost of SCK might be required. Such an analysis should simulate the losses 

with different thresholds and include more in-depth assessment of reproductive losses 

due to SCK in addition to other diseases that can be impacted by subclinical ketosis. In 

addition to the studies published by McArt et al. (2011 and 2012b) showing the efficacy 

of propylene glycol in treating ketosis and enhancing cow performance after treatment, a 

recently thesis at the University of Guelph (Gordon, 2013) showed the benefit of using 

insulin in cows with low blood glucose (<2.2 mmol/L) in combination with propylene 

glycol to increase milk production in treated cows and also showed the efficacy of 

Butaphosphan-Cyanocobalamin when given in combination with propylene glycol for 

resolution of ketosis in all parities and increasing milk production for older cows with 

low blood glucose. Such results can direct future research to investigate the better 

responses of cows with low blood glucose to treatments and the influence of parity and 

perhaps revisit the effect of dextrose for treating ketosis; however its interaction with 

propylene glycol as a basal treatment should be investigated.       
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APPENDIX 

Table 1: Descriptive data for cows treated pre-calving with either 325 mg of rbST or 

placebo  

 rbST  Control  P 

 N % N %  

Lactation 1 154 22.6 155 22.7 0.972 

Lactation 2 213 31.3 209 30.6 0.792 

Lactation ≥3 313 46.0 318 46.6 0.822 

Total1 680 100 682 100 - 

BCS3 633 - 642 - 0.51 

1Total number of cows enrolled in each treatment group. 
2P-value calculated using a Chi-square test. 
3Body condition score at enrollment compared using a Mann-Whitney test. Median BCS 
for both treatment groups was 3.5 in a 5-point scale with 0.25 points increments. 
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Table 2: Percentage of different hemolytic scores for serum samples submitted for 
analyte analysis for cows treated pre-partum with rbST and placebo 

Hemolysis score Samples (n) Percentage (%) 

0 5671 94.6 

1 268 4.5 

2 54 0.9 

Total 5993 100 
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Table 3: Risk ratios of SCK comparing cows treated with rbST before calving to control 

cows using a BHBA serum concentration of 1200 µmol/L as a cutoff point in the first 3 

weeks after calving (Weeks 1-3) and comparing BHBA concentrations ≥ 800 µmol/L at 

the week prior to calving (Week -1) between treated and control cows 

 rbST Control    

Week N1 % N % RR2 CI2,3 P2 

Week -1 18 2.9 22 3.5 0.83 0.45-1.53 0.54 

Week 1 79 13.0 58 9.6 1.35 0.98-1.86 0.06 

Week 2 84 14.3 79 13.3 1.08 0.81-1.43 0.61 

Week 3 91 16.1 82 14.1 1.14 0.87-1.50 0.35 

Overall4 169 27.6 155 25.2 1.10 0.91-1.32 0.34 

1N= Number of cows equal to or above the cutoff threshold of 1200 µmol/L of BHBA 

serum concentration. 
2RR, P-value and CI were calculated using a Chi-square test. 
3CI= 95% Confidence intervals. 
4RR, P-value and CI of SCK calculated 3 weeks after calving. If a cow is counted as SCK 

at any of the 3 weeks after calving she is considered only one time for analysis. 
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Figure 1: Least square means (± SE) of serum Somatotropin for the week of enrollment 

and the following 2 weeks for 60 cows randomly assigned to receive 325 mg rbST or 

placebo biweekly from 28 to 22 days before expected calving date until calving. Serum 

Somatotropin was significantly different for each of the 3 weeks between rbST and 

placebo-treated cows 

 

*P<0.05 in a mixed model with cow as a repeated measure and controlling for treatment 

effect and week of sampling with herd as a random effect. Weekly measurements were 

all taken before calving. 
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