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CHAPTER I 

A Literature Review 

 

Transition Period 

The transition period is defined as 3 weeks prepartum until 3 weeks postpartum 

(Grummer, 1995; Drackley, 1999). The transition period is a turning point in the 

productive cycle of the cow from one lactation to the next (Block, 2010) and is 

characterized by significant changes in hormonal profile, feed intake, nutrient 

requirements, and energy balance. Endocrine changes occur to allow for parturition and 

to prepare the mammary gland for lactogenesis. Furthermore, the nutrient demands for 

supporting fetal growth and initiation of lactation increase during the prepartum period 

while feed intake is reduced (Grummer, 1995). These dramatic changes, which make the 

transition period the most critical time of the dairy cows’ lives, influence tissue 

metabolism and nutrient utilization.      

Bell (1995) estimated that during the last week of gestation, nutrient demands by 

the fetus and placenta are at their greatest, with daily demands for fetal and placental 

growth in the last 3 weeks of gestation of 360 g of metabolizable protein and 3 to 5 Mcal 

of net energy. The most important factors impacting dry matter intake (DMI) are 

hormonal and physiological changes during the peripartum period (Grant and Albright, 

1995; Robinson, 1997). Obtaining sufficient energy for the onset of lactation given that 

feed intake is suppressed is one of the major challenges faced by the cow during the 

transition period. Drackley (1999) demonstrated that DMI starts to decline 3 weeks 
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before calving and DMI gradually increases in the first weeks after parturition (Osborne 

et al., 2002). In general, DMI decreases by approximately 30% during the prepartum 

period as DMI intake decreases from 2% of body weight (BW) in the beginning of the 

dry period to 1.4% BW in the last week before calving (Bertics et al., 1992; Hayirli et al., 

1998; Robinson and Garrett, 1999). After parturition DMI increases at a rate of 1.5 to 2.5 

kg per week (Grant and Albright, 1995; Kertz et al., 1991; Robinson and Garrett, 1999). 

Although feed intake starts to increase immediately after parturition, this increase is not 

sufficient to meet nutrient requirements for the rapidly increasing milk yield. Thus, cows 

suffer from negative energy balance for up to 8 to 12 weeks after parturition and must 

utilize body energy reserves to meet nutrient requirements for milk production (Heinrichs 

et al., 1996).   

The endocrinological and physiological changes and the negative energy balance 

make the cow more vulnerable to health disorders like infectious and metabolic diseases 

in the postpartum period (Goff and Horst, 1997). Consequently, the greatest incidence of 

milk fever, ketosis, retained fetal membranes (RFM), metritis, mastitis and displaced 

abomasum is observed during the periparturient period. Approximately 75% of disease in 

dairy cows happens in the first month postpartum (LeBlanc et al., 2006). Therefore, the 

profitability of dairy herds may be significantly affected by the management of 

peripartum cows, particularly in situations that exacerbate stress and cause even greater 

decrease in DMI (Block, 2010).  
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Endocrine and Metabolic Statuses of the Transition Cow 

During the periparturient period the decline in feed intake is concurrent with a 

decoupling of the somatotropic axis. The decoupling of the somatotropic axis is 

characterized by elevated concentrations of growth hormone (GH) and reduced 

circulating concentrations of insulin and insulin-like growth factor-1 (IGF-1) because of 

the down regulation of expression of GH 1-alfa receptors in the liver (Rhoads et al., 

2004; Lucy, 2008). Furthermore, around the time of parturition cows undergo a state of 

insulin resistance in which glucose receptor dependent uptake of glucose by muscle and 

adipose tissue is reduced and GH-induced lipolysis is increased. The concentration of 

plasma insulin declines continually in the prepartum period until calving and GH 

increases rapidly between the end of gestation and the initiation of lactation (Rhoads et 

al., 2004; Lucy, 2008).  These are considered homeorhetic changes to assure that cows 

continue to produce milk during periods of scarce nutrient availability (Bauman, 2000). 

Furthermore, in the periparturient period estrogen and glucocorticoid concentrations are 

elevated while concentration of plasma progesterone rapidly falls before calving. These 

hormonal changes contribute to the decline in DMI and coordinate the metabolic changes 

that induce the mobilization of body fat reserves from adipocytes (Grummer, 1995). 

The combination of reduced feed intake, negative energy balance, increased GH 

concentration, and insulin resistance result in elevated plasma concentrations of non-

esterified fatty acids (NEFA). Exposure of cows to severe and prolonged negative energy 

balance and extremely elevated concentrations of NEFA predispose cows to hepatic 

lipidosis, compromised liver function, incomplete oxidation of NEFA, and elevated 



 

 4 

concentrations of ketone bodies [e.g. beta-hydroxy butyrate (BHBA)] (Grummer et al., 

2004). Resulting from the mobilization of lipids, the NEFA plasma concentrations rise 

abruptly in the last 3 days of gestation. A portion of this increase in NEFA is under 

hormonal control while another portion is the result of a negative energy balance (NEB) 

(Bertics et al., 1992; Grummer, 1995; Dyk and Emery, 1996).  

Mobilization of fatty acids from adipose tissue as a result of NEB is regulated by 

decreased insulin to glucagon ratio, which results in an increase in NEFA concentration 

(Brockman, 1976; Holtenious, 1993). Once lipolysis occurs, circulating NEFA are taken 

up by the liver and used to form triacylglycerols (TAG) or are metabolized to acetyl-

CoA. The acetyl-CoA has different pathways in the liver; it can either be introduced into 

the Kreb’s cycle or be used as substrate for the synthesis of cholesterol or for ketogenesis 

(Bruss, 1993). Whether the acetyl-CoA is introduced into the Kreb's cycle or not depends 

on the availability of oxaloacetate, which is predominantly derived from gluconeogenic 

precursors such as propionate, pyruvate, glycerol, or amino acids. During the NEB the 

supply of these gluconeogenic precursors is inadequate and the availability of 

oxaloacetate for introducing acetyl-CoA into the Kreb's cycle is scarce. The lack of 

oxaloacetate leads to an excess of acetyl-CoA that is then used for ketogenesis and 

production of ketone bodies. Under these conditions, the cow may develop subclinical or 

clinical ketosis (Rukkwamsuk et al., 1999; Veenhuize et al., 1991).  

Increased NEFA uptake by the liver increases the activity of hepatic TAG 

synthesizing enzymes, particularly phosphatidate phosphohydrolase and diacylglycerol 

acyltransferase (Top et al., 1996). The TAG are secreted by the liver in the form of very 
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low density lipoproteins (VLDL) which are transported predominantly to the udder. The 

synthesis of VLDL in the liver requires apoliproteins, cholesterol, cholesterol esters, and 

phospholipids (Gibbons et al., 1995). Serum concentrations of total cholesterol and 

apolipoproteins are reduced in postpartum cows compared with non-lactating or lactating 

pregnant cows (Marcos et al., 1990), resulting in reduced plasma concentrations of low 

density lipoprotein (LDL) and VLDL (Rayssinguier, 1988), leading to hepatic lipidosis. 

Therefore, management and nutritional practices that exacerbate NEB peripartum lead to 

hepatic lipidosis that is a predisposing factor to other health disorders (Grummer, 1995; 

Dyk and Emery, 1996).  

 

Metabolic Status and Health of Transition Cows 

A prospective cohort study conducted in 104 dairy herds in New York established 

NEFA and BHBA thresholds that best predicted occurrence of postpartum diseases like 

displaced abomasa (DA), clinical ketosis (CK), metritis, and RFM (Ospina et al., 2010). 

The prepartum and postpartum NEFA concentration that better predicted the occurrence 

of any of the diseases cited previously were 0.29 and 0.57 mEq/L, respectively (Ospina et 

al., 2010). The postpartum BHBA concentration that better predicted occurrence of at 

least one postpartum disease was 10 mg/dL (Ospina et al., 2010). Among multiparous 

cows, for every 0.15 mmol/L increase in plasma NEFA concentration within 3 weeks 

before calving there was an approximate 2-fold increase in the odds of developing more 

than one postpartum disorder or dying by 30 days in milk (DIM) (Huzzey et al., 2011).  

In an observational field study Chapinal et al. (2011) validated the relationship of serum 
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concentrations of NEFA and BHBA with disease in early lactation across different 

management systems. They observed that cows with precalving serum NEFA 

concentrations ≥ 0.3 mEq/L were more likely to develop RFM and metritis than cows 

with NEFA concentrations < 0.3mEq/L (Chapinal et al., 2011). Furthermore, precalving 

NEFA ≥ 0.5 mEq/L and postcalving NEFA ≥ 1.0 mEq/L were associated with increased 

risk of DA. A recent experiment conducted in 55 free-stall dairy herds across the United 

States and Canada evaluated the association among prevalence of cows with elevated 

NEFA and BHBA concentrations one week before and one week after calving and herd-

level incidence of RFM, metritis and DA, milk production, and probability of pregnancy 

at the first artificial insemination (AI) (Chapinal et al, 2012). Herds in which ≥ 25% of 

the cows had BHBA ≥ 1,400 μmol/L one week after calving had greater prevalence of 

DA. Furthermore, prevalence ≥ 15% of cows with BHBA ≥ 800 μmol/L in the week 

preceding calving was associated with milk loss of 4.4 ± 1.7 kg/cow/d. Prevalence ≥ 30% 

of multiparous cows with NEFA ≥ 0.5 mEq/L one week before parturition was associated 

with milk loss of 3.0 ± 1.5 kg/cow/d. Similarly, the odds of pregnancy at first AI were 

reduced in herds with prevalence ≥ 30% of cows with NEFA ≥1.0 mEq/L in the first 

week postpartum (Chapinal et al, 2012). In conclusion, metabolic status of transition 

cows is clearly associated with health and productivity. Therefore, nutritional and 

management practices should strive to improve metabolic status of transition cows.  
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Periparturient Endocrine and Metabolic Changes associated with 

Immunosuppression 

Dairy cows are in general immunosuppressed during the transition period. Some 

have estimated a decline of 25 to 40% in both innate immunity (i.e. neutrophil function) 

and acquired immunity (i.e. lymphocyte function) (Goff, 2008). In the last week of 

gestation concentrations of progesterone decrease, whereas concentrations of cortisol, 

estradiol, prostaglandin F2α, and prolactin increase to support colostrum production and 

preparation for parturition (Stevenson, 2007). Cortisol, the key hormone that triggers 

parturition (Akers, 2002), suppresses immune response by down regulating neutrophil 

expression of L-selectin and CD18, adhesion molecules involved in the trafficking of 

neutrophils from the endothelium to the site of inflammation (Burton et al., 1995). 

Besides the inherent physiological increase in cortisol concentration during parturition, 

other events may contribute to greater cortisol concentrations around parturition such as 

dystocia and twin calving (Hydbring et al., 1999). Cortisol secretion in response to stress 

is well characterized in many species and may in part serve to control the magnitude of 

the immune response (Blalock, 1994; Derijk and Sternberg, 1994). Thus, situations that 

induce stress (i.e. overcrowding and excessive regrouping) are expected to increase 

concentrations of cortisol and further compromise the immune function of transition 

cows. 

The onset of milk production and the increased demands for energy, protein, and 

mineral are also associated with the diminished function of neutrophils and lymphocytes 

in the periparturient period (Kehrli et al., 1989; Detilleux et al., 1994). Common 
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peripartum metabolic diseases such as milk fever and ketosis exacerbate immune 

suppression resulting in loss of 60 to 80% of innate and acquired immunity (Goff, 2008). 

The immunosuppression observed in periparturient dairy cattle may result from the NEB 

and insufficient supply of protein and minerals associated with the initiation of lactation. 

Kimura et al. (1999) demonstrated that mastectomy of pregnant dairy cows eliminates the 

impact of milk production on immune function while maintaining endocrine changes 

associated with late pregnancy and parturition. In this experiment, even though neutrophil 

activity decreased around the time of parturition in mastectomized and intact cows, 

neutrophil activity after calving increased faster in mastectomized cows compared with 

intact cows (Kimura et al., 1999). Intact cows also had a significant decline in 

lymphocyte production of gamma-interferon at parturition compared with mastectomized 

cows. The percentage of total peripheral blood mononuclear cells (PBMC) that were of T 

cell subset populations (CD3, CD4, CD8, and gamma-delta positive cells) was reduced 

for intact cows compared with mastectomized cows (Kimura et al., 1999). In conclusion, 

the effects of energy and substrate demands for lactation on immunity were nullified by 

mastectomy resulting in improved immune function.  

Lipolysis during the transition period alters the fatty acid composition of different 

organs and cell populations, including blood, liver, adipose tissue, and PBMC (Douglas 

et al., 2007; Contreras et al., 2010). Furthermore, increased NEFA concentrations could 

modify vascular inflammatory responses by changing the expression of pro-inflammatory 

mediators important in the pathogenesis of mastitis and metritis (Contreras et al., 2012). 

Because expression of pro-inflammatory cytokines by endothelial cells regulate the 
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trafficking of leukocytes to the site of infectious tissues (Ley et al., 2007), the interactions 

between leukocytes and the vascular endothelium determine the efficiency of host 

inflammatory responses during infectious diseases. Zerbe et al. (2000) evaluated the 

relationship between liver TAG content and polymorphonuclear cell (PMNC) function in 

periparturient dairy cattle. Polymorphonuclear cells from cows that had elevated liver 

TAG content (> 40 mg/g) had reduced expression of function-associated surface 

molecules compared with PMNC from cows with reduced TAG content (Zerbe et al., 

2000). Furthermore, PMNC from cows with elevated TAG concentrations had reduced 

antibody independent and antibody dependent cellular cytotoxicity postpartum compared 

with PMNC of cows with reduced TAG (Zerbe et al., 2000). Infectious diseases such as 

mastitis and metritis are common after calving and some researches attempted to 

establish risk factors for these diseases. Hill et al. (1985) observed that cows with fatty 

liver retained viable bacteria in their udders for longer periods than cows with normal 

livers. To confirm the interaction between hepatic lipidosis and dysfunctional immune 

competence of cows in the postparturient period, Wentink et al. (1997) demonstrated that 

cows with high hepatic TAG concentrations had an impaired or delayed specific 

immunoreaction against tetanus toxoid compared with cows that had normal hepatic 

TAG concentration.  

Another important metabolic change associated with immune function in the 

periparturient period is the exacerbated need for calcium (Ca
2+

) upon initiation of 

colostrum and milk production. Hypocalcemia results in failure of immune cells to 

become activated in the presence of bacteria (Kimura et al., 2006). Upon challenge with 
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pathogens the cytosolic Ca
2+ 

concentration of immune cells rises causing their activation 

and production of antibodies, bactericidal peptides, and other bactericidal substances 

(Lazzari et al., 1986; Cavicchioni et al., 2005). In periparturient cows that developed 

hypocalcemia the rise in cytosolic Ca
2+ 

in PBMC challenged ex vivo was blunted even 

before the occurrence of hypocalcemia (Kimura et al., 2006). This blunted release of Ca
2+ 

in response to a pathogen would likely predispose cows to postpartum diseases like 

metritis and mastitis (Goff, 2008). Furthermore, hypocalcemic cows also exhibit plasma 

cortisol concentrations approximately 2.5 times greater than normocalcemic cows on the 

day of parturition (Horst and Jorgensen, 1982), which is likely to further reduce immune 

function. 

 

Association among Metabolic Status and Immunosuppression and Postpartum 

Health Disorders 

Gunnink (1984) proposed that when the blood supply to the placenta ceases at 

parturition the fetal membranes become a “foreign body” and that the maternal immune 

system must recognize and attack it as foreign body to expel it. Cotyledons from cows 

that developed RFM had less leukocyte chemoattractant than cotyledons from cows that 

expelled the placenta normally after calving (Gunnink, 1984). Furthermore, using an ex 

vivo assay, Gunnink (1984) demonstrated that leukocytes obtained from cows that 

developed RFM were less able to recognize cotyledon tissue in a chemotaxis assay 

before, at, and after calving than leukocytes obtained from cows that did not develop 

RFM. Polymorphonuclear cells from cows that develop RFM have decreased response to 
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chemoattractants and reduced phagocytic capacity from the prepartum period until 1 or 2 

weeks after calving (Romaniukowa, 1984; Cai et al., 1994; Kimura et al., 2002a). It is 

important to observe, however, that the predisposing factor to RFM is not only a reduced 

PMNC functionality, but also a less intense pro-inflammatory response during the 

peripartum period. Addition of an antibody against interleukin-8 (IL-8) to a cotyledon 

preparation obtained from a spontaneously expelled placenta resulted in inhibition of 

chemotaxis of PMNC by 41% (Kimura et al., 2002). Furthermore, plasma IL-8 

concentration was lower in cows that developed RFM compared with cows that expelled 

the placenta normally (Kimura et al., 2002). In conclusion, risk of development of RFM 

is increased by reduced PMNC functionality and by a sub-optimal pro-inflammatory 

stimulus around parturition.  

Goff (2008) reviewed the processes by which metritis occurs in postpartum cows. 

The majority of cows have contamination of the uterus during the postpartum period 

(LeBlanc, 2010) and neutrophils provide the first line of defense, migrating from the 

bloodstream to the uterus. At the site of infection the neutrophils phagocyte the bacteria 

and release enzymes, free radicals compounds, and oxygen reactive species onto the 

bacteria to kill them in a process called oxidative burst. If the neutrophil population fails 

to eliminate the infection the immune system then recruits macrophages and lymphocytes 

to produce antibodies and other antibacterial factors. In immune compromised cows, the 

immune system is unable to promptly eliminate bacterial contamination and bacteria 

overgrowth in the uterus results in metritis. Metritis is characterized by a foul-smelling, 

red-brown watery discharge from the uterus within the first 14 days after calving, and can 
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be or not accompanied by systemic symptoms (i.e. pyrexia, anorexia, depression). 

Hammon et al. (2006) demonstrated that in cows diagnosed with puerperal metritis and 

subclinical endometritis PMNC function was significantly impaired during the 

periparturient period compared with healthy cows. Furthermore, cows with puerperal 

metritis or subclinical endometritis had greater NEFA and BHBA concentrations and 

reduced DMI during the periparturient period compared with healthy cows. Urton et al. 

(2005) demonstrated that for every 10 fewer min/day eating in the 2 weeks preceding 

calving the risk of developing metritis doubled. In another observational experiment, 

elevated blood NEFA concentrations and decreased blood glucose and insulin 

concentrations were associated with increased risk of metritis and RFM (Kaneene et al., 

1997). In conclusion, reduced DMI and metabolic diseases compromise innate and 

humoral immune functions increasing the risk for RFM and metritis. Therefore, elevated 

incidence of RFM and metritis are considered manifestations of a poorly functioning 

immune system during the transition period (Goff, 2008).  

Endometritis is a chronic low-grade infection and inflammation of the uterus 

characterized by presence of pus in the uterine exudate between 3 and 9 weeks after 

calving (Sheldon et al., 2005). On the other hand, subclinical endometritis is a milder 

inflammation of the uterus characterized by increased presence of PMNC in the uterine 

lumen and diagnosed by endometrial cytology (Barlund et al., 2008). Interestingly, 

immunosuppression prepartum also seems to be involved with increased incidence of 

endometritis. Cows diagnosed with endometritis 4 weeks postpartum had PMNC with 
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compromised phagocytic capacity from 1 week before to 4 weeks after calving compared 

with healthy cows (Kim et al., 2005). 

The impact of metabolic disorders on health of postpartum dairy cows goes 

beyond their effect on innate and humoral immune function. Hypocalcemia causes loss of 

muscular tonicity resulting in increased risk of DA (Massey et al., 1993). Furthermore, 

several postpartum diseases seem to predispose cows to further health disorders because 

of their effect on DMI and further compromise of immune function.  For example, cows 

having RFM have greater risk of developing mastitis and ketosis and cows with ketosis 

were 12 times more likely to have DA (Curtis et al., 1985).  

Lameness is also one of the periparturient disorders faced by the transition cow 

and it is more associated with factors such as rumen health, exposure to concrete walking 

surfaces in alleys, and regrouping of cattle around the time of calving and stress (Cook 

and Nordlund, 2009). During the dry period, cows consume a diet that is principally 

composed of forages and is more fibrous than the diet offered to lactating cows, resulting 

in a rumen flora adapted to a diet that is low in non-fiber carbohydrates (NFC) (Goff, 

1999). If dietary NFC increases abruptly at calving, with high levels of fermentable 

carbohydrates, the amount of volatile fatty acids (VFA) produced may exceed the 

capacity of the rumen to absorb them leading to elevated VFA concentrations in the 

rumen (Allen and Beede, 1996). The elevated ruminal VFA concentrations leads to sub-

acute rumen acidosis and contributes to reduced DMI and feed digestibility predisposing 

cows to laminitis and lameness (Goff, 1999). Also, transition cows undergo non-

inflammatory changes in the connective tissue of the corium of the foot that impair their 
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resilience to external stresses at the peripartum period (Webster, 2001; Knott et al., 

2007). Furthermore, around the time of calving, resting time of cows decline, which may 

contribute to more stress to the hoof and increased the risk of hoof lesion (Calderon and 

Cook, 2011).  

 

Reproduction Challenges by the Transition Cow  

Maximizing reproductive efficiency is paramount for maximization of 

profitability of dairy herds. Reduced expression of estrus (Lopez et al., 2004) and 

pregnancies per AI (Lucy, 2001; Bousquet et al., 2004) and elevated incidence of 

embryonic mortality (Bilodeau-Goeseels and Kastelic, 2003) in high producing dairy 

cows are the major causes of poor reproductive performance in dairy herds. Even though 

in most dairy herds cows only start being inseminated after 50 d postpartum, the NEB 

and the peripartum health disorders cows undergo during the periparturient period have a 

significant impact on reproductive performance. 

Energy balance during the peripartum period is associated with reproductive 

performance of dairy cows for several reasons. During the decoupling of the 

somatotropic axis and NEB IGF-1 concentrations are reduced. The IGF-1 stimulates 

proliferation, differentiation, and hypertrophy of many cell types and is synthesized by 

several organs including the liver and ovaries (LeRoith and Roberts, 1991). The IGF-1 

stimulates ovarian follicle growth (Giudice, 1992) and steroidogenesis in follicular and 

luteal cells (Einspanier et al., 1990; Spicer and Stewart, 1996; Spicer et al. 1993). Spicer 

(1990) demonstrated that cows in positive energy balance have greater concentrations of 

IGF-1 and secrete more progesterone during the luteal phase than do cows that are in 
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NEB. Beam and Butler (1997) demonstrated that ovulation failure of the first follicular 

wave after parturition was accompanied by a lower peak plasma estradiol concentration, 

a smaller diameter of the dominant follicle, reduced concentrations of plasma IGF-1, and 

an extended interval from calving to first ovulation. Furthermore, IGF-1 concentration in 

plasma is associated with the interval from calving to pulse of luteinizing hormone 

(Zurek et al., 1995); thus, the association between IGF-1 concentration and interval to 

first postpartum ovulation. Therefore, cows that undergo more severe NEB and have 

extended period of time after calving with reduced IGF-1 concentration have extended 

period between calving and ovulation, which is known to affect long term fertility 

(Galvão et al., 2010; Chebel and Santos, 2010). Negative energy balance can also 

adversely affect the fertility of dairy cows after calving by influencing the development 

of ovarian follicles and the activity of the corpus luteum (Senatore et al., 1996). Insulin 

blood concentrations during the NEB in postparturient dairy cows are low, and insulin is 

known to play a role in body metabolism, including the reproductive system. Insulin 

stimulates glucose uptake and indirectly promotes the synthesis of growth factors by the 

granulosa cells (Savion et al., 1981). Furthermore, during NEB the secretion of 

gonadotropin-releasing hormone (GnRH) and FSH and LH are reduced (Nebel and 

McGilliard, 1993). Consequently, as NEB decreases and a more positive energy balance 

is observed, the number of ovarian follicles decrease indicating that the secretion of 

GnRH, FSH, and LH is sufficient to promote the growth of a dominant follicle that 

suppresses the growth of subordinate follicles and will eventually ovulate (Lucy et al., 

1991). 
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Quality of oocytes may also be directly affected by NEB because of alterations in 

the composition of the follicular fluids (FF) associated with NEB. Leroy et al. (2004) 

compared the changes in composition of FF during NEB with biochemical alterations in 

blood in the same period. During NEB, plasma NEFA, BHBA, and urea were increased 

whereas glucose concentration was decreased. Similarly, FF concentration of NEFA 

increased and glucose concentrations decreased during NEB. These are important 

findings because increased NEFA, BHBA, and urea are toxic to the maturing oocyte 

(Hammon et al., 2005; Leroy et al., 2008; Ocon and Hansen, 2003; Iwata et al., 2006). 

Furthermore, adequate glucose supply is necessary to support normal cumulus oophorus 

expansion and nuclear maturation (Sutton-McDowall et al., 2004).  

Besides the metabolic changes during the peripartum that may affect reproductive 

performance, health disorders that occur during the peripartum period are also associated 

with reduced fertility. Retained fetal membranes can cause significant economic losses, 

as many cows with RFM develop metritis and may suffer from infertility (Coleman et al., 

1985).  According to LeBlanc et al. (2002) metritis and endometritis are postpartum 

diseases that can contribute to increased days to first breeding, decreased pregnancy per 

AI (P/AI) and pregnancy rate, and increased culling. Similarly, subclinical endometritis 

has also profound negative impact on reproductive performance (LeBlanc et al., 2002). 

Gilbert et al. (2005) reported that cows with subclinical endometritis had reduced P/AI 

and were more likely to have reproductive failure compared with healthy cows. In 

addition, P/AI to first and subsequent services were reduced for cows with subclinical 

endometritis at 34–47 DIM compared with healthy cows (Kasimanickam et al., 2004). 
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Borsberry and Dobson (1989) observed that cows diagnosed with milk fever, 

endometritis, RFM, or ovarian cysts had longer intervals between calving and first 

service and required more services to conceive when compared to healthy cows. The 

occurrence of health problems during the transition period is clearly a major complicating 

factor for subsequent reproductive performance resulting in additional economic losses 

(Ferguson, 2001).  

 

Body Condition Score in the Transition Period and Milk Yield  

Amounts of body fat depots change considerably during the transition period 

because of reduced DMI, increased milk yield, and NEB during the first weeks of 

lactation (Zurek et al., 1995). Thus, body condition score (BCS) is an indirect parameter 

to estimate body fat mobilization and NEB in the dairy cow. Body condition score is 

determined on a 5-point scale (1 = emaciated to 5 = obese; Ferguson et al., 1994) and 

may be used to monitor the condition of cows and the herd (Domecq et al., 1997).  

Because BCS is an indirect measurement of body fat mobilization and NEB, BCS 

is correlated with reproductive performance for the reasons cited previously. Similarly, 

BCS change during the transition period is also associated with milk yield. Garnsworhy 

and Topps (1982) demonstrated that cows with lower BCS (1.5 to 3.0) at calving tended 

to produce slightly more milk than cows with greater BCS (3.5 to 4.0). Moreover, cows 

with lower BCS at calving produced more milk because they had better feed efficiency 

and returned to positive energy balance earlier in lactation compared with cows that 

calved with elevated BCS. More recently, Contreras et al. (2004) demonstrated that cows 
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with BCS ≤ 3.0 at dryoff tended to produce more milk during early lactation than cows 

with BCS ≥ 3.25 at dry-off. Furthermore, moderately thin cows at dry off did not have 

impaired performance during their subsequent lactation compared with cows of greater 

BCS (Contreras et al., 2004). Waltner et al. (1993) demonstrated that cows with BCS = 

3.0 at calving produced on average 322 kg more milk during the first 90 DIM than cows 

with BCS = 2.0; whereas, cows with BCS = 5.0 had the lowest milk yield. Therefore, 

overconditioning at calving and excessive loss of BCS during early lactation result in 

poor milk yield and compromised health and fertility (Dijk et al. 1989). 

 

Social Behavior 

Cows are social animals and as such they are highly susceptible to social 

interactions and hierarchical order.  In large free-stall barns the management and 

behavior of dairy cows has changed as cows are not managed individually but as part of 

groups (Cook and Nordlund, 2004). Regrouping of dairy cows is used to maintain 

homogenous groups of cows in terms of gestation stage, or reproductive status, or milk 

yield. During the dry period cows are grouped into “far-off” (from the dry-off until 

approximately 28 days before expected calving date) and “close-up” (from approximately 

27 days before expected calving date to calving).  

In large dairy operations, cows from the far-off cow pen are usually moved to the 

close-up cow pen weekly, which has been suggested to result in weekly disruption of 

social interactions and, for many cows, disruption of social interactions and stress in the 

last days before parturition (Cook and Nordlund, 2004). Constant regrouping of cows 
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changes the hierarchical order among them, forcing cows to reestablish social 

relationships through physical and nonphysical interactions. Limited space or access to 

feed and frequent regrouping during the prepartum period exacerbates aggressive and 

submissive behaviors (Friend and Polan, 1974). On the days following regrouping cows 

have reduced feeding time, greater rate of displacement from the feed bunk and stalls, 

and reduced milk yield (von Keyserlingk et al., 2008). It is important to observe, 

however, that social dominance is strongly correlated with age, body size, and seniority 

in the herd, playing an important role in any existing or newly formed groups of dairy 

cows (Dickson et al., 1970).  

According to Grant and Albright (2001), although feeding behavior and DMI are 

controlled by physiological mechanisms as chemostatic and ruminoreticular fill, feed 

intake is also dependent on management factors such as grouping strategies and social 

interactions.  Although the question has not yet been definitively answered, some have 

suggested that cows may require 3 to 14 days after regrouping to reestablish social 

stability to pre-regrouping levels (Grant and Albright, 1995), but it is likely that that 

social impacts of regroupings last approximately 3 days and usually less than 7 days 

(Grant and Albright, 2001). Kondo and Hurnik (1990) observed that agonistic 

interactions reduced considerably within 2 days after regrouping of cows (from 300 

events to 100 events) suggesting that stabilization of the groups occurred in this period. 

Similarly, in the study by von Keyserlingk et al. (2008), the changes in behavior observed 

after regrouping were transitory and within hours or days after regrouping the behavioral 

patterns of the focal cows returned to pre-regrouping patterns.  
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Weekly regrouping of prepartum cows has been suggested to increase the risk for 

postpartum diseases and reduced productivity because of the observed behavioral 

changes associated with regrouping that could result in reduced DMI and increased stress 

(Cook and Nordlund, 2004). Stresses associated with social group changes or 

inappropriate environmental conditions in the transition period can cause exacerbated 

increase in NEFA concentrations associated with epinephrine secretion (Herdt, 2000). 

Nordlund et al. (2006) suggested that housing prepartum cows in a stable pen (All-In-All-

Out) would minimize agonistic social interactions. In a recent experiment, Coonen et al. 

(2011) demonstrated that Holstein cows housed in a stable pen (no entry of new cows) in 

the prepartum period (14 to 28 d before expected calving date) had similar DMI and 

NEFA concentration during the prepartum period and similar milk yield in the first 30 

DIM compared with cows housed in pens with entry of new cows twice weekly in the last 

14 to 28 d before expected calving date. This was a small experiment with insufficient 

number of cows to evaluate health and reproductive performance and milk yield was not 

measured throughout the entire lactation. Even though some herds have implemented the 

AIAO strategy (Curtis, 2010), little is known about the effects of such housing strategy 

on health, reproductive and productive parameters of peripartum dairy cows. 
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OVERVIEW 

The objectives of the current experiment were to determine the effect of two 

prepartum grouping strategies on health, metabolic, reproductive, and productive 

parameters of dairy cows. Jersey cows enrolled in the experiment at 253 ± 3 d of 

gestation (study d 0 = calving) were balanced for parity and projected 305-d mature 

equivalent and assigned to one of two treatments. Cows assigned to the traditional (TRD, 

n = 6) treatment were moved to the study pen as a group of 44 cows and weekly 

thereafter groups of 2 to 15 cows were moved to the study pen to re-establish stocking 

density. Cows assigned to the All-In-All-Out (AIAO, n = 6) treatment were moved to the 

study pen in groups of 44 cows, but no new cows entered the AIAO pen until the end of 

the replicate. A total of 308 and 259 cows were enrolled in the AIAO and TRD 
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treatments, respectively. At the end of each replicate a new TRD and AIAO group started 

but pens were switched. Cows were milked thrice daily. Plasma non-esterified fatty acid 

(NEFA) concentration was measured weekly from study d -18 ± 3 to 24 ± 3 and plasma 

beta-hydroxy butyrate (BHBA) was measured weekly from study d 3 ± 3 to 24 ± 3. Cows 

were examined on study d 1, 4 ± 1, 7 ± 1, 10 ± 1 and 13 ± 1 for diagnosis of uterine 

diseases and had their ovaries scanned by ultrasound on study d 39 ± 3 and 53 ± 3 to 

determine resumption of ovarian cycles. Binomial data were analyzed by logistic 

regression using the GLIMMIX procedure and continuous data were analyzed by 

ANOVA using the MIXED procedure. Average stocking density was reduced for the 

AIAO (71.9%) treatment compared with the TRD (86.9%) treatment. Treatment did not 

affect the incidence of uterine diseases (TRD = 19.6, AIAO = 21.9%). Concentrations of 

NEFA (TRD = 80.4 ± 8.2, AIAO = 62.9 ± 8.5 µmol/L) and BHBA (TRD = 454.4 ± 10.9, 

AIAO = 446.1 ± 11.1 µmol/L) were not different between treatments. Percentages of 

cows that resumed ovarian cycles by study d 39 ± 3 (TRD = 70.8, AIAO = 63.1%) and 53 

± 3 (TRD = 90.1, AIAO = 90.2%) were not different between treatments. Similarly, 

treatment had no effect on rate of removal from the herd {TRD = referent, AIAO 

[(adjusted hazard ratio (95% confidence interval)] = 0.85 (0.63, 1.45)} or rate of 

pregnancy establishment [TRD = referent, AIAO = 1.07 (0.88, 1.30)]. Finally, treatment 

did not affect energy corrected milk yield (TRD = 34.4 ± 0.6, AIAO = 34.3 ± 0.7 kg/d). 

Considering that no benefits were observed regarding health, metabolic, reproductive and 

productive parameters the reduced stocking density and consequent increased cost of 
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building prepartum facilities to accommodate an AIAO grouping strategy may not be 

justified. 

 

INTRODUCTION 

Cows are social animals and are affected by interactions with their herd-mates. 

Regrouping of dairy cows is used in dairy operations to maintain homogenous groups of 

cows in terms of gestation stage, or reproductive status, or milk yield to optimize 

management (i.e. nutritional management). In most herds with dry periods of 50 to 60 d, 

cows are grouped into “far-off dry cow pens” (from dry-off to approximately 28 d before 

expected calving date) and into “close-up dry cow pens” (from approximately 27 d before 

expected calving date to calving). In large dairy operations, cows from the far-off cow 

pen are usually moved to the close-up cow pen weekly, which has been suggested to 

result in weekly disruption of social interactions and, for many cows, disruption of social 

interactions in the last days before parturition (Cook and Nordlund, 2004). 

Constant regrouping of cows changes the hierarchical order among them, forcing 

cows to reestablish social relationships through physical and nonphysical interactions and 

exacerbating aggressive and submissive behaviors (von Keyserlingk et al., 2008; Zelena 

et al., 1999). Cows had reduced feeding time, greater rate of displacement from the feed 

bunk and stalls, and reduced milk yield on the days following regrouping (von 

Keyserlingk et al., 2008). Although the question has not yet been definitively answered, 

some researchers have suggested that cows may require 3 to 14 days after regrouping to 

reestablish social stability to pre-regrouping levels (Grant and Albright, 1995). In the 
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study by von Keyserlingk et al. (2008), however, the changes in behavior observed after 

regrouping were transitory and within hours or the day after regrouping behavioral 

patterns returned to pre-regrouping values. 

During the peripartum period cows are predisposed to reduced DMI, negative 

energy balance, and immune suppression (Goff and Horst, 1997). Cows that have greater 

decrease in DMI and decreased feeding time in the prepartum period are at greater risk 

for metritis postpartum (Hammon et al., 2006; Huzzey et al., 2007). Weekly regrouping 

of prepartum cows has been suggested to increase the risk for postpartum diseases and 

reduced productivity because of the observed behavioral changes associated with 

regrouping that could result in reduced DMI and increased stress (Cook and Nordlund, 

2004). In a recent experiment, Coonen et al. (2011) demonstrated that Holstein cows 

housed in a stable pen with no entry of new cows in the prepartum period (14 to 28 d 

before expected calving date) had similar DMI and NEFA concentration during the 

prepartum and similar milk yield in the first 30 DIM compared with cows housed in pens 

with entry of new cows twice weekly in the last 14 to 28 d before expected calving date. 

This was a small experiment with insufficient number of cows to evaluate health and 

reproductive performance and milk yield was not measured throughout the entire 

lactation. 

The hypothesis of the current experiment was that cows submitted to an All-In-

All-Out (AIAO) prepartum grouping strategy (no entry of new cows in the prepartum 

pen) would have reduced incidence of health and metabolic disorders in the periparturient 

period compared with cows submitted to a traditional (TRD) prepartum strategy (weekly 
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entry of new cows in the prepartum pen). Furthermore, we hypothesized that reduced 

frequency of regrouping (AIAO vs TRD) during the prepartum period would result in 

increased milk yield, reduced death/culling rates, and increased pregnancy rates. The 

objectives of the current experiment were to compare health, metabolic, reproductive, and 

productive parameters of lactating dairy cows submitted to the AIAO or TRD prepartum 

grouping strategy. 

 

MATERIAL AND METHODS 

 

Cows, Facilities, Management and Nutrition 

The experiment was conducted from February 2011 to October 2012 with cows 

enrolled from February 2011 to August 2011 and calving occurring from February 2011 

to October 2011. Prepartum Jersey cows (> 1
st
 lactation) were enrolled in the experiment 

at 253 ± 3 d of gestation (study d 0 = calving). During the prepartum period cows were 

housed in one of two free-stall pens with 44 stalls and 48 headlocks that were identical in 

size (31.7 x 11 m, 347.8 m
2
) and design. Stalls measured 230 cm (length) x 107 cm 

(width) x 114 cm (neck rail height) and headlocks measured 0.61 m/headlock. Pens had 

two water troughs at each end of the pen that measured 366 cm by 56 cm. The barn was 

cross-ventilated and had artificial lighting (8 h of light and 16 h of dark). Temperature 

and relative humidity were recorded hourly in each study pen throughout the experiment 

and daily average THI were calculated for each pen. During the prepartum period and at 
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the start of each replicate the target stocking density was 100% of stalls, 91.6% of 

headlocks, and 7.9 m
2
/cow. 

During the immediate postpartum period (study d 1 to 21 ± 3) cows from the TRD 

and AIAO treatments were housed in the same free-stall pen with 240 stalls and 260 

headlocks. There were five water troughs per pen that measured 366 cm by 56 cm. The 

barn was cross-ventilated and had artificial lighting (16 h of light and 8 h of dark). As 

cows demonstrated signs of calving (discomfort, restlessness, tail twitching, and 

visualization of the allantoic sac through the vulva) cows were moved to a box stall. 

From study d 1 to 21 ± 3, pens were stocked at 100% and 91.6% of stalls and headlocks, 

respectively. From study d 21 ± 3 until diagnosis of pregnancy 66 ± 3 d after AI cows 

were housed in cross-ventilated free-stall barns with 240 stalls and 260 headlocks. From 

the second pregnancy diagnosis to the end of the lactation cows were housed in a nearby 

naturally ventilated free-stall dairy with 260 stalls and 280 headlocks. Stocking density 

from study d 21 to the end of lactation varied between 110 and 120% of stalls and 

between 119% and 130% of headlocks. 

From enrollment to calving all cows were fed the same TMR once a day. From 

study d 1 until the time of the second pregnancy diagnosis cows were fed the same TMR 

and from the time of the second pregnancy diagnosis to dry-off cows were fed the same 

TMR. Feed was delivered twice a day (70% in the AM and 30% in the PM) for lactating 

cows. Composition of TMR fed in the prepartum and immediate postpartum period 

(study d 1 to 21 ± 3) are described in table 1. 
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Treatments 

At enrollment cows were balanced for parity (1
st
 or > 2

nd
 lactation) and projected 

305-d mature equivalent milk yield and were assigned to one of the two study pens. 

Treatment applied to the study pens in the first replicate was determined by a coin toss. 

Cows assigned to the traditional (TRD, n = 6) regrouping strategy were moved to the 

prepartum pen as a group of 44 cows. Weekly thereafter, groups of 2 to 15 cows (median 

= 9 cows) were moved to the TRD pen to re-establish the desired stocking density (100% 

of stalls and 91.6% of headlocks). The total number of cows enrolled in the TRD 

treatment was 308. Cows assigned to the All-In-All-Out (AIAO, n = 6) grouping strategy 

were moved to the prepartum pen in groups of 44 cows (stocking density of 100% of 

stalls and 91.6% of headlocks), but no new cows were added to the AIAO pen until the 

end of the replicate. The total number of cows enrolled in the TRD treatment was 259. At 

the end of each replicate a new TRD and AIAO group started but pens were switched to 

avoid location bias, even though pens were identical in design and had similar 

temperature and humidity throughout the study (data not shown). Cows in the AIAO that 

had not calved by the end of the replicate were moved to a different pen but their data 

were included in the statistical analysis (n = 29). There were a total of six replicates. 

Thus, each pen had the TRD and AIAO treatment thrice during the experiment. Number 

of cows in each pen was counted daily during the prepartum period, and daily stocking 

density was calculated by the number of cows in the pen divided by the number of stalls. 
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Body Condition and Locomotion score 

At enrollment and on study d 1 ± 1, 28 ± 3, and 56 ± 3 all cows were scored for 

body condition (1 = emaciated and 5 = obese; 0.25 unit increment as described by 

Ferguson et al., 1994) and lameness using a locomotion score method (1 = perfect 

locomotion and 5 = severely lame; as described by Sprecher et al., 1997). 

 

Blood Samples and Metabolites Analysis 

Blood samples were collected from all cows on study d -18 ± 3, -11 ± 3, -4 ± 3, 3 

± 3, 10 ± 3, 17 ± 3, and 24 ± 3 from the coccygeal vein/artery immediately after feeding 

while cows were restrained in self-locking headlocks. Needles used were 22 gauge and 1 

inch long and samples were collected into evacuated tubes containing K2 EDTA (Becton 

Dickinson Vacutainer Systems, Franklin Lakes, NJ). The utmost care was taken to 

minimize stress during sample collection. Tubes were placed in ice until centrifugation 

for plasma separation (3,000 rpm for 15 min at 4 ⁰C). Plasma was aliquoted into 

microcentrifuge tubes and stored at -32 ⁰C until analysis. 

Samples collected weekly from study d -18 ± 3 to 24 ± 3 were analyzed for 

concentrations of non-esterified fatty acids (NEFA) using a colorimetric assay (Wako 

Chemicals USA, Richmond, VA; Ballou et al., 2009). Concentrations of beta-hydroxy 

butyrate (BHBA) were determined enzymatically (Ranbut, Randox Laboratories, Antrim, 

UK; Ballou et al., 2009) from samples collected weekly from study d 3 ± 3 to 24 ± 3. A 

plate reader (Spectramax 340; Molecular Devices, Sunnyvale, CA) was used to measure 

the absorbance for the colorimetric and enzymatic assays. Control serum (Randox 
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Control Sera, Antrim, UK) was used for the NEFA and BHBA assays. The intra-assay 

coefficients of variation were 5.1% for the NEFA assay and 7.9% for the BHBA assay. 

The inter-assay coefficients of variation were 9.2% for the NEFA assay and 10.8% for 

the BHBA assay. 

 

Clinical Examination and Disease Definitions 

All cows were examined on study d 1, 4 ± 1, 7 ± 1, 10 ± 1 and 13 ± 1 for 

diagnosis of retained fetal membrane, metritis, and acute metritis. Retained fetal 

membrane was defined as retention of fetal membrane past 24 h postpartum. Metritis was 

defined as cows with watery, pink/brown, and fetid uterine discharge. Cows with 

symptoms of metritis and rectal temperature > 39.5 ºC, or anorectic, or depressed were 

considered to have acute metritis (LeBlanc, 2010). On study d 35 ± 3, a sub-group of 

cows (n = 34/treatment), selected randomly and representing each replicate, were 

examined for clinical endometritis (exudate consisting of > 50% of pus) using the 

Metricheck device (Simcro, New Zealand; McDougall et al., 2007). The same sub-group 

of cows was examined for sub-clinical endometritis (> 10% of cells in the uterine 

cytology were polymorphonuclear leukocytes; Kasimanickam et al., 2004) using the 

cytobrush technique (Cytobrush Plus
®

, Cooper Surgical, Inc) on study d 35 ± 3. After 

sample collection the cytobrush was rolled onto a clean glass slide, which was stained 

with modified Wright-Giemsa stain (Protocol-Hema3, Biochemical Sciences, 

Swedesboro, New Jersey, USA). Slides were evaluated twice at 400X magnification by 

one examiner who was blinded to the treatments. Cows were observed once daily for 
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displacement of abomasum and thrice daily for mastitis throughout their lactation. Data 

regarding incidence of DA and mastitis from study d 0 to 60 are reported herein. 

 

Resumption of Ovarian Cycles Postpartum 

All cows had their ovaries examined by ultrasound (5 MHz, Ibex Lite; E. I. 

Medical Imaging, Loveland, CO) on study d 39 ± 3 and 53 ± 3. Cows with a corpus 

luteum on study d 39 ± 3 were considered to have resumed ovarian cycles by study d 39 

± 3. Cows without a CL on study d 39 ± 3 and a CL on study d 53 ± 3 were considered to 

have resumed ovarian cycles by study d 53 ± 3. Cows without a CL on study d 39 ± 3 or 

53 ± 3 were considered to be anovular. According to previous experiments conducted by 

our laboratory the sensitivity and specificity of diagnosing cyclic status based on 

ultrasonography was 95 and 89%, respectively, compared with progesterone 

concentration measured in two blood samples collected 14 d apart (R. C. Chebel, 

University of Minnesota, unpublished data). 

 

Production Parameters 

Cows were milked thrice daily. Monthly, milk yield, milk fat and protein content, 

and somatic cell count were recorded for individual cows during the official Dairy Herd 

Improvement Association test. Data regarding milk yield, milk fat and protein content, 

and somatic cell count were collected from study d 0 to 305. Energy corrected milk was 

calculated for each cow using the formula (Orth, 1992): 

ECM (kg) = [(kg milk) x 0.327] + [(kg fat) x 12.95] + [(kg protein) x 7.2]. 
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Reproductive Parameters and Removal from the Herd 

All cows were subjected to the same reproductive program. Cows were 

presynchronized with two injections of prostaglandin F2α given on study d 39 ± 3 and 53 

± 3. Cows were inseminated if observed in estrus after study d 50. Cows not observed in 

estrus were enrolled in the Ovsynch56 protocol (GnRH, 7 d later prostaglandin F2α, 56 h 

later GnRH) on study d 65 ± 3 and were inseminated at fixed time on study d 75 ± 3. 

Cows were examined for pregnancy 31 ± 3 d after AI and pregnant cows were re-

examined 66 ± 3 and 178 ± 3 d after AI. Percentage of cows receiving first AI in estrus, 

percentage of cows pregnant to first and second AI, percentage of cows with pregnancy 

loss from 31 ± 3 to 66 ± 3 d after first and second AI, number of inseminations up to 

study d 305, and pregnancy rate up to study d 305 were calculated. Cows were followed 

from study d 0 to 305 to determine percentage of cows removed (sold or dead) from the 

herd and the speed at which cows were removed from the herd. 

 

Statistical Analysis 

The experiment had a randomized switch back design with pen as the 

experimental unit. In the first replicate a coin was tossed to determine the treatment of 

each of the two study pens. In each of the replicates cows were balanced for parity (1
st
 or 

> 2
nd

 lactation) and projected 305-d mature equivalent milk yield and were assigned to 

one of the two study pens. Sample size was calculated based on an expected standard 

deviation of average daily milk yield of cohorts of 44 cows equal to 1.63 kg/d and an 
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expected difference in daily average milk yield during the lactation between the AIAO 

and TRD treatments of 2.5 kg/d (α = 0.05, 1-ß = 0.80). 

Statistical analyses were conducted using SAS version 9.2 (SAS/STAT
®
, SAS 

Inst. Inc., Cary, NC). Binomial data were analyzed by logistic regression using the 

GLIMMIX procedure and the binary distribution. Continuous data were analyzed by 

ANOVA using the MIXED procedure. The repeated statement was used when the 

outcome of interest was measured repeatedly. In all models, treatment (TRD vs AIAO), 

replicate (1 to 6), and the interaction between treatment and replicate were included as a 

fixed effect. Pen was included as the random effect. Cows were nested within replicate 

and pen. For analysis of repeated measurements time and the interaction between 

treatment and time were included in the model as fixed effects. 

The rates at which cows became pregnant and were removed from the herd were 

analyzed by Cox proportional hazard ratio using the PHREG procedure with removal of 

variables by a stepwise backward elimination process based on the Wald’s statistics 

criterion when P > 0.10. The model included treatment (TRD vs AIAO), replicate (1 to 

6), the interaction between treatment and replicate, and pen as fixed effects. Kaplan-

Meyer survival analysis, using the LIFETEST procedure, was used to compare the 

interval from enrollment to removal from the herd and from calving to establishment of 

pregnancy between treatments. 

Statistical significance was defined as P ≤ 0.05 and statistical tendencies as 0.05 < 

P < 0.10. 
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RESULTS 

 

Three cows (TRD = 1 and AIAO = 2) died before calving due to injury. At 

enrollment (253 ± 3 d of gestation) TRD and AIAO treatments were similar regarding 

number of lactations (TRD = 1.77 ± 0.06, AIAO = 1.69 ± 0.07 lactation; P = 0.36), 

number of inseminations (TRD = 2.09 ± 0.20, AIAO = 2.06 ± 0.21 inseminations; P = 

0.92), 305-d mature equivalent milk yield (TRD = 9,906.3 ± 360.2, AIAO = 9,878.4 ± 

363.8 kg; P = 0.96), BCS (TRD = 3.06 ± 0.08, AIAO = 3.02 ± 0.08; P = 0.72), and 

percentage of cows with locomotion score = 3 (TRD = 0.65, AIAO = 1.93%; P = 0.78). 

At enrollment, there were no cows with locomotion score > 3. Upon calving, gestation 

length was similar between treatments (TRD = 281.3 ± 0.5, AIAO = 280.3 ± 0.5 d; P = 

0.19). Incidence of male calves (TRD = 49.2, AIAO = 47.3%; P = 0.71) and twins (TRD 

= 2.6, AIAO = 3.5%; P = 0.55) were not different between treatments. 

Daily average stocking density in the prepartum pens was greater (P < 0.01) for 

TRD (86.9%) than AIAO (71.9%) treatment. Furthermore, the interaction between 

treatment and day after the start of a new replicate affected (P < 0.01) the daily average 

stocking density (Figure 1). 

 

Incidence of Diseases Postpartum 

Incidences of retained fetal membranes (P = 0.82), metritis (P = 0.37), and acute 

metritis (P = 0.22) were not different between treatments (Table 2). Similarly, TRD and 

AIAO treatments had similar incidence of DA (P = 0.38) and mastitis (P = 0.45) in the 
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first 60 d postpartum (Table 2). Percentages of cows with locomotion score > 2 on study 

d 1 ± 1 (P = 0.82), 28 ± 3 (P = 0.45), and 56 ± 3 (P = 0.25) were not different between 

treatments (Table 1). Similarly, treatment did not (P = 0.94) affect the likelihood of cows 

being removed from the herd within 60 d postpartum (Table 2). The rate at which cows in 

the AIAO treatment were removed from the herd (adjusted hazard ratio (AHR) (95% 

confidence interval (95% CI)) = 0.85 (0.63, 1.15)) did not (P = 0.29) differ from that of 

cows in the TRD treatment (referent). The mean (± SEM) intervals from calving to 

removal from the herd were 251.3 ± 5.3 d for the TRD treatment and 255.8 ± 5.5 d for 

the AIAO treatment (Figure 2). 

 

 

Body Condition Score and Metabolic Parameters 

Body condition score was not (P = 0.99) affected by treatment (Figure 3). 

Concentrations of NEFA from study d -18 ± 3 to 24 ± 3 were not (P = 0.17) different 

between treatments (TRD = 80.4 ± 8.2, AIAO = 62.9 ± 8.5 µmol/L; Figure 4). Similarly, 

BHBA concentrations from study d 3 ± 3 to 24 ± 3 were not (P = 0.60) different between 

treatments (TRD = 454.4 ± 10.9, AIAO = 446.1 ± 11.1 µmol/L; Figure 5). 

 

Resumption of Ovarian Cycles Postpartum and Reproductive Parameters 

Percentage of cows diagnosed with a CL on study d 39 ± 3 (P = 0.17) and 53 ± 3 

(P = 0.97) was not different between treatments (Table 3). Similarly, the likelihood of 

cows being inseminated on estrus for the first time after parturition was not (P = 0.43) 
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different between treatments (Table 3). Consequently, average days postpartum at first 

insemination was not (P = 0.63) different between treatments (TRD = 65.1 ± 0.8, AIAO 

= 65.6 ± 0.9 d). The percentages of cows that were diagnosed pregnant 31 ± 3 (P = 0.71) 

and 66 ± 3 (P = 0.41) d after first postpartum AI were not different between treatments 

(Table 3). Incidence of pregnancy loss between 31 ± 3 and 66 ± 3 d after first postpartum 

AI was not (P = 0.27) different between treatments (Table 3). The interval from first to 

second postpartum AI was not (P = 0.82) different between TRD (28.0 ± 0.9 d) and 

AIAO (28.3 ± 1.0 d) treatment. The percentages of cows that were diagnosed pregnant 31 

± 3 (P = 0.99) and 66 ± 3 (P = 0.99) d after the second postpartum AI were not different 

between TRD and AIAO treatments (Table 3). Treatments did not (P = 0.88) differ 

regarding the incidence of pregnancy loss from 31 ± 3 to 66 ± 3 d after the second 

postpartum AI (Table 3). The number of inseminations up to 305 d postpartum was not 

(P = 0.67) different between TRD (2.3 ± 0.2) and AIAO (2.4 ± 0.2) treatments. Finally, 

the pregnancy adjusted hazard ratio did not (P = 0.49) differ between AIAO (AHR (95% 

CI) = 1.07 (0.88, 1.30)) and TRD treatments (referent). The mean (±SEM) intervals from 

calving to establishment of pregnancy were 136.9 ± 5.2 d for the TRD treatment and 

132.7 ± 5.0 d for the AIAO treatment (Figure 6). 

 

Milk Yield and Milk Components 

Average daily milk yield from calving to 305 d postpartum was not (P = 0.95) 

different between treatments (Table 4). Similarly, fat (P = 0.72) and protein (P = 0.93) 

yield were not different between TRD and AIAO cows (Table 4). Consequently, yield of 
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3.5% fat corrected milk (P = 0.72) and energy corrected milk (P = 0.88) were not 

different between treatments (Table 4; Figure 7). Finally, linear somatic cell count (P = 

0.31) was not different between TRD and AIAO treatments (Table 4). 

 

DISCUSSION 

The AIAO prepartum grouping strategy resulted in reduced stocking density 

compared with the TRD prepartum grouping strategy. Even though reduced stocking 

density may be a confounder that limits our ability to determine if regrouping alone 

affects the parameters evaluated herein, this was an expected and unavoidable outcome 

because of the nature of the AIAO grouping strategy and because of the inherent 

variation in gestation length among cows. 

In the current experiment, the prepartum AIAO grouping strategy did not affect 

metabolic and health parameters of periparturient lactating dairy cows. One of the 

hypotheses of the current experiment was that by reducing agonistic behavior among 

cows in the AIAO treatment we would improve metabolic parameters as a consequence 

of improved DMI, which would consequently result in improved health. The lack of 

differences between AIAO and TRD prepartum grouping strategies on incidence of 

postpartum disorders is surprising considering that AIAO cows had reduced rate of 

displacement from the feed bunk immediately after feeding compared with cows in the 

TRD treatment (0.54 vs 0.31, SE = 0.03; P < 0.01; Lobeck et al., 2012). Furthermore, the 

average stocking density of the AIAO pen was approximately 83% of the average 

stocking density of the TRD pen (71.9 vs 86.9%). In the current experiment, DMI was 
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not measured because the study was conducted in a large commercial herd; therefore, it 

was not possible to determine whether the reduced rate of displacement from the feed 

bunk and stocking density in the AIAO treatment resulted in increased DMI. Coonen et 

al. (2011) observed no differences in prepartum DMI between cows submitted to an 

AIAO or a TRD prepartum grouping strategy, but they did not observe differences in 

agonistic behavior in the feed bunk. In the study by Coonen et al. (2011), however, cows 

were only observed for physical interactions twice weekly for 1 h beginning after feed 

delivery. von Keyserlingk et al. (2008) and Lobeck et al. (2012) demonstrated an increase 

in agonistic behavior in the feed bunk after regrouping. von Keyserlingk et al. (2008) 

evaluated behavior 24 h/d from 3 d before to 4 d after regrouping using continuous 24-h 

video recordings and 1-min scan sampling. Lobeck et al. (2012) evaluated behavior in the 

feed bunk during the first 3 h after fresh feed delivery on the first 3 d after regrouping 

using continuous video recordings. Therefore, it is likely that the methodology used by 

Coonen et al. (2011) for evaluation of agonistic behavior in the feed bunk may have been 

inadequate. Nonetheless, despite the increased rate of displacement from the feed bunk 

(Lobeck et al., 2012), AIAO and TRD cows had similar concentrations of NEFA during 

the peripartum period and BHBA during the postpartum period, similar BCS from study 

d -21 to 56, and similar yield of ECM which allows us to speculate that no differences in 

DMI and energy balance were observed between the two treatments.  

A sub-group of cows from the AIAO and TRD were evaluated weekly during the 

peripartum period for cortisol serum concentration and innate and humoral immune 

parameters (Silva et al., 2012). There were no differences between AIAO and TRD cows 
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regarding cortisol concentration (AIAO = 15.0 ± 1.7 vs TRD = 18.1 ± 1.7 ng/ml, P = 

0.25) and innate (intensity of PMNL phagocytosis – AIAO = 2,910.8 ± 406.0 vs TRD = 

2,981.5 ± 406.9 fluorescence intensity geometric mean, P = 0.91; intensity of PMNL 

oxidative burst – AIAO = 7,668.0 ± 678.3 vs TRD = 7,742.7 ± 682.9 fluorescence 

intensity geometric mean, P = 0.94) and humoral (concentration of anti-ovalbumin IgG – 

AIAO = 0.98 ± 0.05 vs TRD = 0.98 ± 0.05 optical density, P = 0.93) immune function 

(Silva et al., 2012). These are important findings and may help explain why there were no 

differences between AIAO and TRD treatments regarding the incidence of postpartum 

diseases. Function of PMNL is fundamental for host defense (Cai et al., 1994) and is 

associated with occurrence of retained fetal membranes and metritis (Kimura et al., 2002; 

Hammon et al., 2006).  

There was no effect of treatment on percentage of cows with locomotion score > 2 

at any interval after enrollment. In the experiment by von Keyserlingk et al. (2008), cows 

tended to spend fewer hours lying down on the day of regrouping compared with the day 

preceding the regrouping, but on the days following regrouping lying time was not 

different than the lying time on the day preceding regrouping. The transient decrease in 

lying time following regrouping is unlikely to cause significant increase in total standing 

time during the prepartum period, thus limiting the negative effects of regrouping on hoof 

health. 

The likelihood of cows submitted to the AIAO prepartum grouping strategy to be 

diagnosed with a CL on study d 39 ± 3 and 53 ± 3 was not different than cows submitted 

to the TRD prepartum grouping strategy. The resumption of ovarian cycles after calving 
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is dependent on the interval from calving to the nadir of negative energy balance and 

concentrations of IGF-I (Butler, 2000). Cows that undergo extreme negative energy 

balance during the peripartum period have increased concentration of NEFA for 

prolonged period of time (Grummer et al., 2004). As mentioned previously, there were no 

differences between AIAO and TRD prepartum grouping strategy regarding peripartum 

NEFA concentration and postpartum BHBA concentration. This may be indication that 

cows in the AIAO and TRD treatments had similar energy status during the transition 

period. The presence of CL on the ovaries of cows on study d 39 ± 3 and 53 ± 3 is a 

proxy for resumption of ovarian cycles. Early postpartum resumption of ovarian cycles 

increases the likelihood of cows displaying signs of estrus and being inseminated in 

estrus (Galvão et al., 2010; Chebel and Santos, 2010). Therefore, it is not surprising that 

the percentage of cows inseminated on estrus was not different between the AIAO and 

TRD prepartum grouping strategies. Reproductive performance of cows submitted to the 

AIAO and TRD prepartum grouping strategies was not different. Reproductive 

performance is affected by many physiological and pathological processes. It is well 

known that cows that undergo severe negative energy balance postpartum are more likely 

to be anovular for prolonged periods of time after calving (Butler, 2000), that cows that 

have prolonged anovular period are less likely to conceive and have reduced pregnancy 

rates (Galvão et al., 2010; Chebel and Santos, 2010), and that cows with postpartum 

health disorders are less likely to conceive and have reduced pregnancy rates (Chebel and 

Santos, 2011). Considering that metabolic parameters, incidence of anovular condition, 

and incidence of health disorders were similar between AIAO and TRD cows, it is not 
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surprising that no differences in reproductive performance were observed between AIAO 

and TRD cows. 

Cows in the AIAO and TRD prepartum grouping strategy had similar milk yield. 

Furthermore, yield of fat and protein was similar between AIAO and TRD cows. 

Consequently, yield of 3.5% fat corrected milk and ECM was not different between the 

AIAO and TRD prepartum grouping strategies. Similar to reproductive performance, 

productive performance is affected by several pathological processes. Chapinal et al. 

(2012) demonstrated that concentrations of NEFA > 0.5 mEq/L and BHBA > 600 µmol/L 

during the week preceding parturition were associated with the most significant milk loss 

during approximately the first 4 months of lactation. Mendonça and Chebel (2012) 

demonstrated that milk losses due to retained fetal membranes, metritis, displacement of 

abomasum, and mastitis ranged from 0.4 to 5.6 kg/d. Treatment did not affect metabolic 

and health parameters; therefore, it is not surprising that productive parameters of AIAO 

and TRD cows were not different. 

 

CONCLUSIONS 

In the current experiment, no differences were observed in metabolic parameters 

of cows submitted to the TRD or AIAO treatments. Furthermore, prepartum grouping 

strategy did not affect the incidence of postpartum health disorders, the rate at which 

cows became pregnant, the rate at which cows were removed from the herd, or 

productive parameters. Even though the AIAO grouping strategy may reduce unfavorable 

behaviors among cows and reduces the average stocking density during the prepartum 
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period, it did not improve performance of dairy cows. Therefore, in situations of adequate 

stocking density and available feed bunk space, the increased cost associated with 

building facilities to accommodate an AIAO prepartum grouping strategy does not seem 

to be justifiable. 
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Table 1. Composition of TMR offered to prepartum (study d -24 ± 3 to 0; study d 0 = 

calving) and postpartum (study d 1 to 21 ± 3) cows. 

Items Prepartum Postpartum 

Dry matter, % 44.9 49.6 

NEL, Mcal/kg 1.31 1.61 

 % of DM 

Crude protein 13.43 16.20 

ADF 32.90 21.75 

NDF 44.83 31.11 

Ether extract 2.43 4.04 

Ash 10.43 7.50 

Calcium 1.44 0.87 

Phosphorus 0.41 0.49 

Magnesium 0.41 0.34 

Potassium 1.17 1.43 

Sulfur 0.34 0.27 

Sodium 0.13 0.37 

Chlorine 1.21 0.38 
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Table 2. Effects of prepartum grouping strategy (TRD vs AIAO)
1
 on incidence of 

postpartum health disorders, lameness, and removal from the herd within 60 d 

postpartum. 

Items TRD
1
  AIAO

1
 P – value 

 Incidence, %  Incidence, % AOR (95% CI)* 

Retained fetal membranes 10.9  11.6 1.08 (0.52, 2.26) 0.82 

Metritis 16.7  19.8 1.23 (0.75, 2.02) 0.37 

Acute metritis 1.7  3.6 2.18 (0.58, 8.19) 0.22 

Displacement of abomasum 3.2  1.7 0.51 (0.10, 2.58) 0.38 

Mastitis within 60 d 

postpartum 

13.8  11.3 0.77 (0.38, 1.59) 0.45 

Lame at 1 ± 1 DIM 4.3  4.8 1.12 (0.38, 3.32) 0.82 

Lame at 28 ± 3 DIM 10.0  7.5 0.73 (0.30, 1.77) 0.45 

Lame at 56 ± 3 DIM 9.1  6.0 0.64 (0.28, 1.46) 0.25 

Removal from the herd within 

60 d postpartum 

9.1  8.9 0.98 (0.49, 1.93) 0.94 

*AOR = Adjusted odds ratio; 95% CI = 95% confidence interval. TRD treatment was set 

as referent. 

1 
TRD (traditional prepartum grouping strategy) – weekly entry of new cows into the 

prepartum pen; and, AIAO (All-In-All-Out prepartum regrouping strategy) – no entry of 

new cows in the prepartum pen. Target stocking density was 100% of stalls and 91.6% of 

headlocks and 7.9 m
2
/cow. 
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Table 3. Effects of prepartum grouping strategy (TRD vs AIAO)
1
 on resumption of ovarian 

cycles postpartum, estrus expression, and percentage of cows pregnant after first and 

second postpartum AI. 

Items 

TRD
1
  AIAO

1
  

P – value 

Incidence, 

%  

Incidence, 

% AOR (95% CI)*  

Corpus luteum diagnosed 

by 39 DIM, % 

70.8  63.1 0.70 (0.41, 1.20)  0.17 

Corpus luteum diagnosed 

by 53 DIM, % 

90.1  90.2 1.02 (0.47, 2.21)  0.97 

Cows inseminated in estrus 

for 1
st
 AI, % 

93.4  91.0 0.68 (0.23, 1.98)  0.43 

First postpartum AI       

Pregnant at 31 ± 3 d, % 40.2  41.5 1.08 (0.69, 1.67)  0.71 

Pregnant at 66 ± 3 d, % 36.3  39.9 1.21 (0.74, 1.96)  0.41 

Pregnancy loss from 31 ± 3 

to 66 ± 3 d, % 

7.0  3.2 0.44 (0.09, 2.11)  0.27 

Second postpartum AI       

Pregnant at 31 ± 3 d, % 35.6  35.7 1.00 (0.59, 1.71)  0.99 

Pregnant at 66 ± 3 d, % 32.1  32.2 1.00 (0.58, 1.74)  0.99 

Pregnancy loss from 31 ± 3 

to 66 ± 3 d, % 

8.9  9.8 1.11 (0.25, 4.87)  0.88 

*AOR = Adjusted odds ratio; 95% CI = 95% confidence interval. TRD treatment was set as 

referent. 

 

1 
TRD (traditional prepartum grouping strategy) – weekly entry of new cows into the 

prepartum pen; and, AIAO (All-In-All-Out prepartum regrouping strategy) – no entry of 

new cows in the prepartum pen. Target stocking density was 100% of stalls and 91.6% of 

headlocks and 7.9 m
2
/cow. 
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Table 4. Productive parameters and milk quality of cows submitted to different 

prepartum grouping strategies (TRD vs AIAO)
1
. 

Items TRD
1
 AIAO

1
 P – value 

Milk yield, kg/d 28.9 ± 0.6 28.9 ± 0.6 0.95 

Fat yield, kg/d 1.30 ± 0.02 1.28 ± 0.02 0.72 

Protein yield, kg/d 1.08 ± 0.02 1.07 ± 0.02 0.93 

3.5% fat corrected milk yield, kg/d 37.0 ± 0.6 36.7 ± 0.6 0.72 

Energy corrected milk yield, kg/d 34.4 ± 0.6 34.3 ± 0.7 0.88 

Linear somatic cell count 3.08 ± 0.08 2.96 ± 0.08 0.31 

1 
TRD (traditional prepartum grouping strategy) – weekly entry of new cows into the 

prepartum pen; and, AIAO (All-In-All-Out prepartum regrouping strategy) – no entry of 

new cows in the prepartum pen. Target stocking density was 100% of stalls and 91.6% of 

headlocks and 7.9 m
2
/cow. 
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Figure 1. Effect of prepartum grouping strategy on stocking density of prepartum pens. 

TRD (traditional prepartum grouping strategy) – weekly entry of new cows into the 

prepartum pen; and, AIAO (All-In-All-Out prepartum regrouping strategy) – no entry of 

new cows in the prepartum pen. Target stocking density was 100% of stalls and 91.6% of 

headlocks and 7.9 m
2
/cow. The AIAO treatment resulted in reduced (P < 0.01) stocking 

density compared with the TRD treatment and the interaction between treatment and day 

after the start of the new replicate (P < 0.01) also affected stocking density. 
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Figure 2. Survival analysis of interval from calving to removal from the herds according 

to prepartum grouping strategy (Wilcoxon test of equality – P = 0.30). TRD (traditional 

prepartum grouping strategy) – weekly entry of new cows into the prepartum pen; and, 

AIAO (All-In-All-Out prepartum regrouping strategy) – no entry of new cows in the 

prepartum pen. Target stocking density was 100% of stalls and 91.6% of headlocks and 

7.9 m
2
/cow. The mean (± SEM) intervals from calving to removal from the herd were 

251.3 ± 5.3 d for the TRD treatment and 255.8 ± 5.5 d for the AIAO treatment. 

 

 

 

 

 

 



 

 66 

 

Figure 3. Body condition score (BCS) of cows enrolled in the TRD and AIAO treatments. 

TRD (traditional prepartum grouping strategy) – weekly entry of new cows into the 

prepartum pen; and, AIAO (All-In-All-Out prepartum regrouping strategy) – no entry of 

new cows in the prepartum pen. Target stocking density was 100% of stalls and 91.6% of 

headlocks and 7.9 m
2
/cow. Treatment (P = 0.99) and the interaction between treatment 

and study d (P = 0.14) did not affect BCS throughout the study. 
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Figure 4. Concentration of non-esterified fatty acids (NEFA) in plasma of cows 

submitted to the TRD and AIAO prepartum grouping strategy. TRD (traditional 

prepartum grouping strategy) – weekly entry of new cows into the prepartum pen; and, 

AIAO (All-In-All-Out prepartum regrouping strategy) – no entry of new cows in the 

prepartum pen. Target stocking density was 100% of stalls and 91.6% of headlocks and 

7.9 m
2
/cow. There were no effects of treatment (P = 0.17) and of the interaction between 

treatment and study d (P = 0.11) on NEFA concentrations throughout the study. 
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Figure 5. Plasma beta-hydroxy butyrate (BHBA) concentration of cows submitted to the 

TRD and AIAO prepartum grouping strategies. TRD (traditional prepartum grouping 

strategy) – weekly entry of new cows into the prepartum pen; and, AIAO (All-In-All-Out 

prepartum regrouping strategy) – no entry of new cows in the prepartum pen. Target 

stocking density was 100% of stalls and 91.6% of headlocks and 7.9 m
2
/cow. There were 

no effects of treatment (P = 0.60) and of the interaction between treatment and study d (P 

= 0.71) on BHBA concentration throughout the study. 
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Figure 6. Survival analysis of interval from calving to establishment of pregnancy of 

cows submitted to the TRD and AIAO prepartum grouping strategies (Wilcoxon test of 

equality – P = 0.85). TRD (traditional prepartum grouping strategy) – weekly entry of 

new cows into the prepartum pen; and, AIAO (All-In-All-Out prepartum regrouping 

strategy) – no entry of new cows in the prepartum pen. Target stocking density was 100% 

of stalls and 91.6% of headlocks and 7.9 m
2
/cow. The mean (±SEM) intervals from 

calving to establishment of pregnancy were 136.9 ± 5.2 d for the TRD treatment and 

132.7 ± 5.0 d for the AIAO treatment. 
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Figure 7. Yield of energy corrected milk (ECM) according to prepartum grouping 

strategy (TRD vs AIAO). TRD (traditional prepartum grouping strategy) – weekly entry 

of new cows into the prepartum pen; and, AIAO (All-In-All-Out prepartum regrouping 

strategy) – no entry of new cows in the prepartum pen. Target stocking density was 100% 

of stalls and 91.6% of headlocks and 7.9 m
2
/cow. There was no effect of treatment (P = 

0.88) and of the interaction between treatment and month of lactation (P = 0.98) on yield 

of ECM. 

 

 

 

 

 

 


