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Abstract 

Poor transition from late gestation to early lactation influences postpartum performance 

of lactating dairy cows. Considering that increased vaginal temperature (VT) before calving is 

associated with reduced postpartum performance during summer, this thesis focused on 

investigating a novel management strategy in the dry period to improve postpartum performance 

during summer of cows with high temperature (HT) in late gestation. This study was conducted 

in three commercial dairy herds in the High Plains region during summer. Vaginal temperature 

was assessed from 1,603 multiparous Holstein cows with 236 to 250 of gestation, and the top 

20% highest temperature were classified as HT cows. High temperature cows were randomly 

assigned as treatment or control. Treatment consisted of moving cows earlier to the close-up pen 

compared with the rest of the herd. Therefore, three groups were compared in the study: high 

temperature and extended days in the close-up pen (HT-TRT), high temperature and not 

extended days in the close-up pen (HT-CON), and low temperature and not extended days in the 

close-up pen (LT). Cows were followed until 90 days in milk (DIM) of the next lactation to 

compare postpartum performance. In a cohort of cows (n = 201), blood sample was collected at 

VT assessment to compare pregnancy-associated glycoprotein (PAG) concentration of HT and 

LT cows. Days spent in the close-up pen differed among treatments (HT-TRT = 24.5 ± 1.8; HT-

CON = 15.9 ± 1.8; LT = 20.3 ± 1.8). Low temperature cows had longer gestation length and 

decreased percentage of twinning compared with HT-CON and HT-TRT cows. Low temperature 

cows had and tended to have decreased percentage of stillbirth than HT-CON and HT-TRT, 

respectively. In addition, LT cows had decreased percentage of uterine disease in the first 21 

DIM than HT-CON cows. Nonetheless, LT and HT-TRT did not differ in percentage of cows 

diagnosed with uterine disease. High temperature control cows had reduced percentage of cows 



  

pregnant at first service compared with LT cows, however, no difference was detected between 

LT and HT-TRT cows. Pregnancy-associated glycoprotein concentration at VT assessment 

differed between HT and LT cows. Cows with increased VT in late gestation benefited from 

spending more days in the close-up pen during summer months. Differences in PAG 

concentrations of LT and HT cows suggest that PAG could be a potential maker to identify cows 

that will have postpartum problems after calving during summer months. 
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Chapter 1 - Literature Review 

 Introduction 

Postpartum performance of dairy cows is directly associated with the ability of the cow to 

cope with changes during the transition from late gestation to early lactation. Because of the 

increased nutritional challenges and physiological changes during the transition period, adoption 

of specific management practices during this period is important for cows to overcome some of 

these challenges in order to improve postpartum health and productive life (Arnold and Becker, 

1936; Drackley, 1999). Appropriate nutritional strategies and management protocols, such as  

altering nutrient density of the diet and implementation of a non-lactating or dry period, can 

reduce the biological and physiological imbalances of the transition cow (Grummer, 1995; 

Capuco et al., 1997). 

Numerous prepartum management practices are implemented based on the expected 

parturition date and their effectiveness relies on the accuracy of predicting calving. Several 

factors are reported to affect duration of gestation of dairy cows, and therefore, compromise the 

efficacy of strategies adopted (Norman et al., 2009; Tomasek et al., 2017). Cows with shortened 

or extended gestation length (GL) have decreased postpartum performance and increased 

incidence of postpartum disorders after calving (Vieira-Neto et al., 2017). Scanavez et al. (2017) 

demonstrated that deviations from the average GL of the population is also associated with 

prepartum core body temperature (CBT). Considering that the associations described in these 

reports evaluated cows exposed to similar management practices under the same environment, it 

is likely that a single management strategy may not be appropriate for the entire herd.  

The focus of this review of literature is to provide an overview of relevant aspects of 

pregnancy development and describe prepartum factors that may impact performance of the dam 
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in the subsequent lactation. This thesis focused on exploring a novel management strategy to 

improve postpartum health of cows susceptible to have postpartum health disorders. 

 Gestation Length 

Gestation length, which is the period between conception and subsequent parturition, has 

changed during the past decades in dairy cows. In the 1950s, it was reported that the average GL 

of Holstein cows was 280 days (Andersen and Plum, 1965). A report published in the 1990s 

evaluated changes of GL of dairy cows during five decades (Silva et al., 1992). This report 

demonstrated that GL decreased 0.08 days yearly, which represents a decrease of 4 days during 

50 years. One of the possible reasons for this change in GL is genetics. It is possible that genetic 

selection for greater milk production was associated with shorter GL. 

Other factors not related to genetics or breed may have also contributed to changes in GL 

of the modern dairy cow. The fetal-maternal interaction, fetal characteristics, number of calves, 

exposure to heat stress during late gestation, and season of calving are some of the intrinsic and 

extrinsic factors that have been shown to be associated with GL (Nogalski and Piwczyński, 

2012; Norman et al., 2009; Tomasek et al., 2017). Mechanisms that trigger the parturition 

process may be delayed or hastened by metabolic or physical stressors, and consequently, 

altering GL. Exposure to heat stress or poor nutritional status during late gestation can negatively 

affect the morphological adaptations of the placental epithelium. Therefore, metabolic function 

of placental cells may be compromised and lead to a nutritional restriction to the fetus and 

hypoxia (Fowden and Moore, 2012; Tao and Dahl, 2013). Impairment of placental function 

results in a premature initiation of parturition mediated by fetal-secreted cortisol or dam-induced 

fetal stress. Calf gender affects GL because male calves have longer development of the 
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hypothalamic-pituitary-adrenal axis, which delays the initiation of the parturition process, 

resulting in increased GL (Matthews and Challis, 1996). 

Deviations from the expected GL in dairy cows also is associated with occurrence of 

postpartum diseases and compromised milk production and reproductive performance (Jenkins et 

al., 2016; Vieira-Neto et al., 2017). It was demonstrated by Vieira-Neto et al. (2017) that longer 

GL had a negative impact in multiparous cows, but this association was not observed in 

primiparous cows. Nevertheless, negative effects of shorter GL were observed in both 

primiparous and multiparous cows (Vieira-Neto et al., 2017). Besides the negative impact on the 

dam, reports have demonstrated negative carryover effects of GL on the offspring (Jenkins et al., 

2016; Vieira-Neto et al., 2017). Female calves born to dams with shorter or longer GL had 

reduced reproductive performance and decreased survival compared with calves born from dams 

with normal GL. 

Because the reports that investigated the impact of GL on performance are observational 

studies, it is not possible to isolate other factors that led to decreased postpartum performance of 

cows with shorter GL. Nevertheless, it is plausible that a multifactorial etiology, involving 

nutrition, metabolic status, pregnancy characteristics, and environmental conditions, affects GL 

and subsequent postpartum performance. 

 Placental and Fetal Development 

In ruminants, the interaction between conceptus and dam during gestation is mediated via 

the placenta, which is responsible for maintaining fetal viability and providing nutrients to the 

conceptus until term. Because of the unique features of migratory fetal chorionic binucleate cells 

(BNC) through the chorionic tight junction and fusing with uterine epithelial cells, the placenta 

of ruminants is classified as synepitheliochorial (Wooding, 1992). Development of the placenta 
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during the first weeks of gestation is critical for its secretory and subsequent regulatory activities. 

Factors limiting the early placental development, such as hypoxia and dietary restriction, can 

impair placental function, and consequently, fetal development (Penniga and Longo, 1998). In 

addition, impairment of early placental development impacts structural and functional maturation 

of fetal tissues near term, which affects the calving process and calf survival (Fowden et al., 

1998). Increased concentration of fetal glucocorticoids near parturition is critical for final 

conceptus development of lung, liver, gut, and vital tissues (Fowden et al., 1998). Furthermore, 

the increase of glucocorticoid plays an important role in the expression of placental steroidogenic 

enzymes, ultimately increasing myometrial activity and labor (Jenkin and Young, 2004). 

Towards the end of gestation, fetus and maternal tissues reach maximal growth rates 

(Prior and Laster, 1979). The utero-placental tissues utilize a substantial proportion of maternal 

nutrients, which result in a maternal-fetal conflict over allocation of requirements (Van Saun, 

1991). To fulfill the considerable nutritional demand, the placenta undergoes morphological and 

structural changes to optimize nutrient distribution. Placental changes, such as increase in surface 

area and decrease of barrier thickness, are associated with greater blood flow and altered 

transplacental concentration gradient, which improves nutrient diffusion to cope with fetal 

demand (Fowden and Moore, 2012). Despite direct and indirect placental adaptations to supply 

increased requirements during late gestation, potential lack of nutrients diverted to the fetus may 

negatively affect calf viability and performance of the dam after calving. The burden of 

increased nutrient requirements and diminished dam reserves may contribute to increased risk of 

postpartum health disorders or premature delivery (Van Saun, 1991; Fowden and Moore, 2012). 
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 Hormones of Late Gestation 

In many mammalian species, the placenta has an important role in maintenance of 

gestation by producing steroid hormones. In cattle, synthesis and site of action of placental 

hormones are not fully understood. Estergreen et al. (1967) demonstrated an extraovarian 

participation source of progesterone (P4) late in gestation, however, not sufficient to maintain 

pregnancy in ovariectomized cows. Further, placental contribution to P4 synthesis was 

demonstrated by Gross and Williams (1988). The same authors showed that fetal villi BNC are 

the major site of P4 production in the placenta. In addition, the paracrine activity of placental 

steroid hormones on expression of local estradiol and progesterone receptors suggests an 

important activity for controlling caruncular growth and function (Hoffmann and Schuler, 2002). 

Different than other species in which the placenta contributes solely to maintaining gestation, it 

is suggested that placenta steroid hormones are involved with parturition process and detachment 

of fetal membranes (Williams et al., 1987).  

Bovine placental lactogen (bPL), a 200-amino acid protein produced by BNC, plays a 

pivotal role in regulating and coordinating fetal growth and metabolism. During the first half of 

gestation, PL exerts growth-promoting effects that act directly in fetal tissues. Binding to 

receptors with similar affinity to growth hormone (GH), PL stimulates fetal development at the 

time of maximal fetal linear growth (Chan et al., 1976). From the second half of gestation until 

term, the metabolic role of PL is involved in modification of uterine epithelium. In association 

with leptin, both placental hormones ensure an optimal nutrient supply for the fetus, which 

assists on partitioning nutrients between dam and fetus (Handwerger, 1991; Ravelich et al., 

2004). Placental lactogen also is described to have structural and functional similarity with 

bovine prolactin and somatotropin. Binding to its receptor, PL acts as a weak somatotropin 
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agonist displaying lactogenic activity, altering the mammary gland and furthering milk 

production (Byatt et al., 1992).  

Direct and indirect alterations in placental hormonal synthesis during late gestation can 

have detrimental effects on both calf and dam performance. Reducing the period of exposure to 

placental hormones or reduced receptor expression affects the function and morphology of 

placenta. Decreased or impaired activity of the placenta may negatively impact fetal 

development and maternal performance traits by increasing the risk of incomplete detachment of 

fetal membranes after parturition. Furthermore, it is not fully understood how placental 

hormones influence the mammary gland tissue, however, it is speculated that it is involved in its 

development and subsequent lactogenesis. 

 

 Stillbirth 

The most commonly accepted definition of stillbirth was described by Philipsson et al. 

(1979), who characterized stillbirth as the presence of a dead calf before, during, or by the first 

48 h after parturition. Stillbirth is commonly used benchmark of herd performance because of the 

economic impact of replacing a dead calf. It has been shown that the economic impact of 

stillbirth in the dairy industry annually exceeds $125 million (Meyer et al., 2001). The impact on 

profitability of dairy operations does not rest solely on calf losses but on decreased performance 

of dairy cows throughout lactation. Stillbirth is considered a risk factor for postpartum health 

disorders, such as retained fetal membranes and metritis (Correa and Scarlett, 1993). 

Characteristics such as oversized fetus, twinning, and elevated calf weight during pregnancy are 

associated with dystocia and stillbirth in dairy cows (Johanson and Berger, 2003). As a 
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consequence of stillbirth, the compromised uterine wall is susceptible to bacterial infections, 

which may lead to further clinical diseases (Markusfeld, 1987). 

Poor health status and increased incidence of clinical diseases during the first postpartum 

weeks have a major impact on milk production and reproductive performance of dairy cows. 

Berry et al. (2007) demonstrated that cows giving birth to a stillborn calf had reduced peak milk 

yield and cumulative milk production during the first 60 days in milk (DIM) compared with 

cows delivering a live calf. Similar findings were reported by Bicalho et al. (2008). A stillbirth 

event was associated with reduced milk production during the first weeks after parturition 

(Bicalho et al., 2008). In addition, cows with a stillbirth event had increased days open and 

poorer reproductive efficiency compared with control cows. Furthermore, cows that had a 

stillbirth event were more likely to have increased mortality and culling compared with cows 

giving birth to a live calf (Bicalho et al., 2007). 

The genetic component associated with breed and heterosis was speculated to be one of 

the main drivers of calf mortality during the first 24 h after birth. Hansen et al. (2004) 

demonstrated that genes related to increased calf weight, smaller dam size, twinning, and 

gestation length are predisposing factors for stillbirth events. Smaller pelvic size is the main risk 

factor for heifers and first-lactation cows to have dystocia and stillbirth compared with mature 

cows (Meyer et al., 2001; Johanson and Berger, 2003). Therefore, parity of the dam is one of the 

main effects to predispose a stillbirth event (Berry et al., 2007). In addition, shorter GL is another 

factor associated with stillbirth (Meyer et al., 2001; Vieira-Neto et al., 2017). In spite of evidence 

that GL impacts stillbirth, contradictory results were obtained by Hansen et al. (2004), who 

reported a weak correlation between GL and stillbirth. 
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Another important aspect to be considered is the nutritional status of the dam, which can 

affect the newborn calf. Chebel et al. (2018) demonstrated that cows with shorter dry periods and 

excessive body condition score (BCS) loss had a greater proportion of dead calves during the 

first 24 h after birth compared with cows that did not have reduced dry periods or excessive BCS 

loss. Nonetheless, Berry et al. (2007) reported no association between BCS loss during the 

prepartum period and stillbirth incidence. Heat stress during late gestation may predispose cows 

to have stillborn calves (Meyer et al., 2001). On the other hand, contradictory results were 

reported by Johanson and Berger (2003), who demonstrated an increased incidence of stillbirth 

during winter compared with summer. 

Many factors related to the dam and fetus affect mortality of calves during the first 24 h 

after calving. Indeed, strategies focused on decreasing incidence of stillbirth in dairy herds are 

still lacking and would be valuable to improve cow performance and herd profitability. 

 Dry Period Duration 

A non-lactating or dry period between lactations is commonly used in dairy herds as a 

management practice. Arnold and Becker (1936) described advantages and disadvantages when 

implementing dry period durations varying from 10 days up to 10 weeks on subsequent cow 

performance. 

The non-lactating period between lactations is necessary for reasons not just related to 

nutrition but physiological factors (Capuco et al., 1997; Collier et al., 2004). The biological and 

morphological changes of the mammary gland during the dry period were observed by Capuco et 

al. (1997). Capuco et al. (1997) reported a necessary replacement of the damaged senescent 

epithelial cells before the subsequent lactation. In addition, the process involving the 

proliferation and turnover of mammary cell tissue before parturition seems to be critical for 
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increased milk production during the next lactation. Collier et al. (2004) described a series of 

physiological adaptations involving most of the body tissues and nutrient classes during the 

transition from pregnancy to lactation. Changes in the absorption, synthesis, and mobilization of 

bones, muscle, and organs are fundamental for the body to achieve homeostasis during the 

transition period (period of 3 weeks before and after parturition). 

Considering the necessary adaptations occurring during the transition period, several 

studies evaluated diverse durations of the dry period. Grummer and Rastani (2004) 

recommended a non-lactating period of 40 to 60 days. Nonetheless, it is possible that an optimal 

dry period duration may vary among individual cows in order to maximize performance of each 

animal. 

The process of mammary gland differentiation in preparation for a new lactation is 

critical for subsequent productive performance. Shortening or omitting the non-lactating period 

has been demonstrated to have a negative impact on the physiological and morphological 

changes of the mammary gland (Capuco et al., 1997). During the dry period, the mammary gland 

undergoes a remodeling process characterized by involution, proliferation, and differentiation. 

The process includes changes that dictate milk production potential during the subsequent 

lactation. Apoptosis, programmed cell death, occurs during the involution state immediately after 

milk cessation and can occur up to 25 days after dry-off (Collier et al., 2004). Characterized by 

the activation of proteases, the lobular-alveolar structure of the gland is destroyed by degrading 

the extracellular matrix and basement membrane, including the loss of alveolar cells (Capuco 

and Akers, 1999). After involution, mammary epithelial cells increase proliferation throughout 

the remainder of the dry period to replace old tissue and initiate mammary development. Old 

mammary cells from a previous lactation have reduced capacity of proliferation and secretion 
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compared with new cells, and consequently, influences milk production in the upcoming 

lactation (Capuco and Akers, 1999). The processes of degradation and regeneration promote 

renewal of the mammary gland, increasing milk production potential after calving. During the 

last week of gestation, cell proliferation is greatest and is characterized by differentiation into a 

secretory phenotype promoting the final preparation for subsequent lactation (Akers, 2002). 

Despite the possible negative effects of decreasing the duration of the dry period on 

mammary gland development, studies reported a positive effect of a shorter period (4 weeks) on 

health and milk production (Watters et al., 2008). The shorter dry period might decrease the 

effects of negative energy balance during the transition period, and consequently, reduce the 

incidence of health disorders (Watters et al., 2008; Andreé O’Hara et al., 2019). In addition, 

other known factors, such as heat stress and elevated CBT, impact dry period duration and 

subsequent lactation performance (Tao et al., 2011; Scanavez et al., 2017). Besides all the 

physiological and hormonal changes during the dry period, several management practices occur 

during this period, such as vaccinations, pen movements, preventive treatments, and diet changes 

with the goal to optimize performance in the subsequent lactation. Therefore, dry period duration 

is an important factor to be considered in the lifecycle of the cow. Nonetheless, the optimal 

duration of a dry period is debatable, and more research must be conducted in this area.  

 Dry Cow Diets 

Nutritional strategies can be used during the dry period to improve postpartum health and 

increase milk production in the subsequent lactation. Rations offered to dry cows should meet 

the nutritional requirements associated with mammary gland development and fetal growth (Van 

Saun, 1991). In addition, nutritional strategies used in the dry period impact the early postpartum 

period of dairy cows. Drackley (1999) suggested that the last 3 weeks of gestation and the first 3 
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weeks of lactation is the most critical phase in the production cycle of dairy cow. The early 

postpartum period, which is influenced by the dry period, is characterized by elevated nutritional 

requirement and decreased dry matter intake (DMI), inducing cows to undergo a state of 

negative energy balance. An inadequate nutritional strategy during the prepartum or postpartum 

period can lead to excessive BCS loss during this phase, a surge of metabolic diseases, and 

lastly, impaired milk production and reproductive efficiency. 

Nutritional strategies have been used to improve the energy balance during the 

periparturient period, and therefore, reducing fat mobilization, body weight loss, and 

consequently, reducing metabolic and clinical diseases (Drackley, 1999). Drackley (1999) 

suggested that diets balanced for prepartum cows should maximize DMI. Nonetheless, decrease 

in DMI before calving is inevitable because of physiological and behavioral changes (Grummer, 

1995; Luchterhand et al., 2016). The strategy to formulate 2 separate diets with different energy 

content for the early (far-off dry period) and late (close-up dry period) dry periods is commonly 

used by dairy nutritionists. It has been demonstrated that high-energy diets at the beginning of 

the dry period results in reduced postpartum DMI and increased metabolic disorders (Dann et al., 

2006). Reduced postpartum DMI exacerbates negative energy balance and fat mobilization, 

leading to elevated levels of nonesterified fatty acids (NEFA) and β-hydroxybutyrate (BHBA). 

These metabolites have been shown to be associated with increased incidence of postpartum 

metabolic and clinical diseases (Ospina et al., 2010). In contrast, cows fed low-energy diets 

during the far-off dry period had increased DMI and adequate energy balance after calving. In 

consequence of decreased fat mobilization, reduced serum concentrations of NEFA and BHBA 

after calving were observed (Dann et al., 2006). 
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Feeding strategies based on high-energy density during entire dry period led to increased 

body weight and BCS, and more pronounced negative energy balance after calving (Grummer et 

al., 2004). Over-conditioned cows have elevated NEFA and BHBA and increased risk of 

hyperketonemia, displacement of the abomasum, metritis, and other health events (McArt et al., 

2013). Cows with elevated BCS at dry-off tended to have moderate to excessive BCS loss during 

the dry period, which was associated with reduced reproductive and productive performance 

after calving (Chebel et al., 2018). Therefore, a controlled-energy diet during dry period 

minimizes postpartum diseases and improves postpartum performance of the subsequent 

lactation (Drackley et al., 1999; Dann et al., 2006). 

Another feeding strategy to improve postpartum health status is the use of acidogenic 

salts in prepartum diets or reduce the dietary cation-anion difference (DCAD) of rations. During 

the last 3 weeks of gestation, a substantial proportion of dairy cows undergo an imbalance of 

calcium homeostasis because of colostrum and milk syntheses (Littledike, 1976). Because of the 

inability to maintain blood calcium concentrations through intestinal absorption or bone 

resorption, some cows develop clinical hypocalcemia. Martinez et al. (2014) reported that 

hypocalcemia alters energy metabolism and immune function. Hypocalcemia is associated with 

other metabolic disorders, increased postpartum diseases, and reduced reproductive performance. 

To reduce imbalance of calcium homeostasis, diets with a negative DCAD can be used as a 

nutritional strategy (Block, 1984). Prepartum diets with a negative DCAD can be created by 

adding acidogenic salts. Diets with negative DCAD result in a metabolic acidosis in the 

prepartum cow, stimulating target tissue responsiveness to parathyroid hormone (PTH; Goff et 

al., 2004). Mediated by responsiveness to PTH, osteoclasts activity along bone surfaces leads to 

enhanced bone resorption and intestinal calcium absorption (Goff et al., 2004; Block et al., 
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1994). In consequence, blood calcium concentration is increased, decreasing the likelihood of 

cows developing hypocalcemia. 

A recent study performed by Lopera et al. (2018) demonstrated that not just the level of 

DCAD but the duration that the diet was fed can impact performance of postpartum cows and 

their metabolism. Increasing the number of days on the DCAD diet negatively impacted milk 

production and reproductive efficiency of cows after calving. In addition, reducing DCAD levels 

decreased postpartum DMI. Observational studies have demonstrated that reduced periods on 

prepartum diets impacted performance of cows, but gestation length is a confounder in these 

experiments (Scanavez et al., 2017; Vieira-Neto et al., 2017). More research studies are needed 

to evaluate the impact of increasing or decreasing the length of feeding negative DCAD diets 

during the prepartum period on postpartum health and performance. 

 

 Heat Stress 

As previously described, management strategies implemented during the dry period 

influence the subsequent lactation of dairy cows. In addition to physiological challenges during 

late gestation, external factors such as elevated temperature negatively impact postpartum 

performance (Tao and Dahl, 2013). Dry cows exposed to more pronounced heat stress had 

decreased milk production after calving compared with cows provided heat abatement in the dry 

period (do Amaral et al., 2009; Tao and Dahl 2013; Tao et al., 2018). Heat stress occurs when a 

combination of factors elevates environmental temperature above the cow’s thermoneutral zone. 

To evaluate the degree of heat stress, the temperature-humidity index (THI) is used commonly. 

Wiersma (1990) developed a chart to estimate the severity of heat stress based on ambient 

temperature and relative humidity. The index indicated that performance of dairy cows can be 
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impaired when THI exceeds 72. Nonetheless, the assessment performed by Berman (2005) 

demonstrated a reduction of the THI threshold for high-producing dairy cows. Considering the 

constant genetic selection for high yield dairy cows, modern dairy cows will continue to be 

susceptible to heat stress. Most recent studies demonstrate that reduced performance was 

observed at THI as low as 68 (Zimbelman et al., 2009; Bernabucci et al., 2010). 

Heat abatement can reduce the effects of heat stress on dairy cows. Active cooling in the 

dry period may reduce body temperature and improve subsequent milk and fat yield after calving 

compared with non-cooled cows (Tao and Dahl, 2013; do Amaral et al., 2011). In a study in 

which mammary biopsies were performed in cows exposed or not to heat abatement during the 

dry period, demonstrated no difference on cell apoptosis; however, cows exposed to heat 

abatement had decreased cell proliferation compared with cows with no heat abatement (Tao et 

al., 2011). These findings indicate that heat stress impacts mammary gland development, which 

may compromise subsequent milk production. Even though the mechanisms involved in altered 

mammary gland development of dry cows exposed to heat stress are not completely understood, 

hormonal synthesis and nutrient availability may be impacted, which also may affect 

development and function of the mammary gland (do Amaral et al., 2009; Tao et al., 2011). 

Reproductive performance of lactating dairy cows is reduced in warmer months 

compared with cooler months. Decreased capacity of oocyte development is one of the factors 

that impacts fertility of heat-stressed cows (Ferreira et al., 2011). In addition, evidence supports 

that compromised embryonic development is another factor that influences fertility of cows 

during warm months (Sartori et al., 2002). Furthermore, hormonal changes during warmer 

months in lactating dairy cows influences expression of estrus (Stevenson et al., 1984). Even 

though sufficient information in the literature demonstrated the negative impact of heat stress on 
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fertility, limited studies have explored the effects of heat stress during the dry period on 

reproductive performance after calving. Studies conducted in Florida demonstrated that cows 

dried-off during warmer months had reduced reproductive efficiency compared with cows dried-

off during cooler months (Thompson and Dahl, 2012). Thompson and Dahl (2012) suggested 

that heat stress during the dry period had a negative carry-over effect on reproductive 

performance. On the other hand, Avedaño-Reyes et al. (2006) did not observe an association 

between heat stress in late gestation and reproductive performance in the subsequent lactation.  

Increased ambient temperature impacts immune responses of dairy cows. Elevated 

temperature during late gestation can impair both specific and nonspecific immune responses. 

Do Amaral et al. (2011) demonstrated that neutrophil function in the periparturient period is 

reduced in dry cows not exposed to heat abatement compared with cows exposed to heat 

abatement. Neutrophil function was determined by evaluating capacity of phagocytosis and 

oxidative burst of blood cells. Humoral response, involved in production of antibodies against an 

antigen, also was impaired during late gestation of dry heat-stressed cows when compared with 

cooled dry cows (do Amaral et al., 2011). Periparturient immunosuppression associated with 

heat stress may result in increased susceptibility to postpartum diseases, therefore, increasing the 

probability of cows being treated with antimicrobials after calving. 

 Dry Cow Management Practices 

In addition to nutritional strategies used during the dry period, other adopted practices 

aimed to maximize performance in the subsequent lactation. These additional strategies involve 

reducing microbial infections, and improvement of immune responses and overall health of the 

mammary gland. 
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Dry cow therapy is a widespread practice used at the beginning of the dry period. Dry 

cow therapy may involve administration of intramammary antibiotics, internal teat sealant, or 

both. The goal of treating cows with antibiotics is to cure existing infections and prevent further 

infections. Internal teat sealant acts as a physical barrier against environmental pathogens, 

thereby reducing potential infections during the dry period. Smith et al. (1968) demonstrated that 

quarters infected during the dry period produced less milk during the subsequent lactation, which 

is expected to impact profitability. Mammary gland infections are more likely to occur during the 

initial phase or the involution stage of the dry period (Bradley and Green, 2004). With the 

cessation of milking, a flush of bacteria from the streak canal is diminished, and protective 

effects from immunoglobulins and intramammary lactoferrin is delayed (Bradley and Green, 

2004). Therefore, after cessation of milking, susceptibility to new infections is increased.  

Because blanket dry cow treatment with antimicrobials results in treatment of the entire 

herd at dry-off, adoption of different strategies to reduce susceptibility to infections and 

antimicrobial use are needed. Researchers have proposed a selective treatment approach instead 

of blanket treatment in order to reduce the number of cows treated with antimicrobial (Cameron 

et al., 2014; Scherpenzeel et al., 2018). Selective dry cow treatment programs must use selection 

criteria to target therapy for specific subgroups of cows, therefore, decreasing the number of 

treatments (Cameron et al., 2014)  

Another common strategy used during the dry period is vaccination programs in order to 

mount an immune response against potential infections. Because mastitis is extremely prevalent 

in dairy herds, vaccination programs have been developed to reduce the severity of clinical signs 

of gram-negative bacteremia. Bradley and Green (2000) demonstrated that 52% of clinical 

mastitis cases from gram-negative agents occurring during the first 100 DIM originate from 
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infections during the dry period. Vaccination programs focusing on reducing cases of toxic 

clinical mastitis have the goal of increasing antibodies against lipopolysaccharide-core antigens. 

This strategy has been demonstrated to diminish clinical symptoms caused by bacterial toxin, 

despite no difference on infection rates (Hogan et al., 1992). 

Modulation of the immune system with vaccines during dry period also may affect the 

offspring through passive transfer of antibodies found in colostrum feeding. Vaccinating cows 

during the dry period stimulates humoral and cellular-mediated immune responses and increases 

titers in serum and colostrum (Wileman et al., 2011; Smith et al., 2014). Increased titers in calves 

fed colostrum from immunized cows compared with calves fed colostrum from non-immunized 

cows demonstrates the efficacy of passive transfer of immunoglobulins (Foster et al., 2019). 

Vaccination programs during the dry period are designed based on the expected day of calving. 

Cows with shorter or longer dry periods may not be immunized as planned. Therefore, colostrum 

of these cows may not contain large quantities of immunoglobulins and cows may beat greater 

risk of developing certain disorders after calving. It is possible that vaccination programs for dry 

cows are not effective for the entire herd considering the large variation in gestation length and 

other factors not discussed in this thesis. 

 Antibiotic Use and Public Concern 

Use of antibiotics in food animal production allows our farming systems to maximize 

production and reduce animal morbidity and mortality. Preventive or therapeutic antimicrobial 

treatments of animals with clinical and subclinical diseases allow livestock producers to control 

disease outbreaks and improve health status of animals. Considering that a substantial number of 

antibiotics used in human medicine also are used for livestock production, public concern exists 

about potential residues and antibiotic resistance. Nonetheless, evidence exists demonstrating 
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that antibiotic use in adult dairy cows does not increase resistance of veterinary pathogens to 

antimicrobials (Oliver et al., 2011). Moreover, a 7-year study revealed no change in bacterial 

isolates susceptibility of pathogens involved with mastitis infections (Erskine et al., 2002). In the 

future, food production agriculture should focus on understanding how antimicrobials currently 

used impact multi-drug resistance and public health (Shea et al., 2003; Oliver et al., 2011). 

Similar to antibiotic use, animal welfare is another aspect that animal agriculture must 

address. The focus should not be limited to the absence of injuries or illnesses of animals, but 

evaluating how management practices and animal behavior is perceived by the public. Besides 

concerns about inhumane treatment of animals, the livestock industry should be ready to discuss 

issues related to water and carbon footprint. Conversations about these topics should be 

addressed correctly to avoid damaging brands and consumption of rich-nutrient animal products. 

Surveys conducted with U.S. consumers demonstrate that the general public is highly concerned 

about indiscriminate use of antibiotics (Wolf et al., 2016). Because of the growing concern of the 

public about animal agriculture, novel strategies to reduce the use of antimicrobials and improve 

health of animals must be considered to address the expectation of consumers, and hopefully, 

improve public perception of animal agriculture.  
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Chapter 2 - Strategy to Identify Dry Cows More Susceptible to Heat 

Stress, Reduce Antimicrobial Treatments, and Improve 

Performance After Calving. 

C.A. Gamarra, A. L. A. Scanavez, J.G.N. Moraes, J.A. Green, H. Taguchi, R.S.S. Oliveira and 

L.G. D. Mendonça. 

 INTRODUCTION 

Antibiotic use in food animal production has elicited societal concerns because of 

potential public health issues (Landers et al., 2012). Because antimicrobials are fundamental for 

treating diseases and minimizing economic losses of dairy operations (Stevens et al., 2016; 

Lhermie et al., 2018), banning use of antibiotics in dairy herds is unreasonable. Nonetheless, 

development of strategies to reduce use of antibiotics may be an alternative to address consumer 

concerns. One possible strategy is to identify subpopulation of cows more susceptible to be 

treated with antimicrobials and implement practices to improve their health. 

Summer months often present a challenging environment to dairy cows because of heat 

stress. In a recent study conducted with heat-stressed cows, incidence of health disorders during 

the first 60 days in milk (DIM) was greater for cows with high vaginal temperature (VT) before 

calving compared with cows with low VT (Scanavez et al., 2017). In addition, VT was 

associated with twinning and shorter gestation lengths (SGL; Scanavez et al., 2018), which are 

risk factors for postpartum diseases and antimicrobial treatments (Chebel et al., 2018). 

Considering that exposure to heat stress during late gestation compromises postpartum health, 

implementation of strategies to minimize antibiotic treatments in a subpopulation of cows during 

the summer may reduce overall use of antimicrobials in dairy farms. 
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We hypothesized that: (1) heat-stressed dairy cows with high VT in the prepartum pen 

have greater incidence of antimicrobial treatments than low VT cows; and (2) number of days 

spent in the prepartum pen would be associated with postpartum treatments and health status of 

high VT cows during summer. The objectives of the study were to: (1) identify a subpopulation 

of heat-stressed cows more susceptible to develop postpartum disorders; and (2) evaluate a 

management strategy to reduce antibiotic treatment and improve postpartum health of dairy 

cows. 

 MATERIALS AND METHODS 

 Animals and Facilities 

This experiment was conducted in three commercial dairy herds. Two herds were located 

in Kansas (Dairy A and Dairy C) and one in Oklahoma (Dairy B). Dry cows from the three herds 

were housed in dry-lot corrals with shaded areas. Lactating cows from dairy A and B were 

milked twice daily and housed in dry-lot corrals with shade. Lactating cows from Dairy C were 

milked thrice daily and housed in free-stall barns equipped with fans and sprinklers, with access 

to a dirt exercise lot adjacent to the free-stall barn. Lactating and dry cows were fed a total mixed 

ration to meet or exceed NRC (2001) twice or once daily, respectively. In the prepartum pens, 

cows were fed with acidogenic salts. 

 Vaginal Temperature Assessment, Treatments, and Temperature-Humidity Index 

Vaginal temperature of 607 primiparous and 996 multiparous dry Holstein cows (Dairy A 

= 516; Dairy B = 590; Dairy C = 497) at 243 ± 7 d of gestation was assessed once using a 

calibrated accurate digital thermometer (Fisherbrand™ Traceable™ Platinum Ultra-Accurate 

Digital Thermometer) by study personnel in order to classify cows into high (HT) and low (LT) 

temperature. Vaginal temperature was assessed once weekly for 10 weeks in each dairy at the 



32 

far-off pen between 1900 and 2100 h. Each day, immediately after VT assessment, 20% of the 

cows with the greatest VT evaluated each day were blocked by projected 305-d mature 

equivalent milk yield and DIM at dry-off. The experiment was a completely randomized design 

in which HT cows were assigned as control (HT-CON) or treatment (HT-TRT) using a coin toss 

(head and tail representing HT-CON and HT-TRT, respectively). Cows designated as HT-TRT 

were moved earlier to the close-up pen 7 d before the date stipulated by the dairy’s standard 

operating procedure (SOP), whereas the HT-CON cows were moved per each dairy’s SOP. 

Control cows, the remaining 80% of cows classified as LT, were assigned to be moved to the 

close-up pen, once a week, according to the dairy’s SOP. The SOP for moving cows to the close-

up pen were the following days of gestation: >249, >245, and >250, dairy A, B, and C, 

respectively. 

From VT assessment to calving, ambient temperature and humidity were recorded every 

5 min from the far-off pens by temperature loggers (HOBO U23 Pro v2; Onset Computer Corp., 

Pocasset, MA). Loggers were placed approximately 3 m above ground level under the shade 

structure in the far-off pen. To calculate temperature-humidity index (THI), the following 

equation was used: THI = T- (0.55- 0.55 RH/100) × (T- 58), where T and RH are dry bulb 

temperature (°F) and relative humidity, respectively (NOAA, 1976). 

 Antimicrobial Treatments, Disease Definitions, and Culling 

Calving-related events, such as calving date, calf gender, stillbirth, and number of calves, 

were extracted from the on-farm management software (DairyComp; Valley Agricultural 

Software, Tulare, CA). In addition, health outcomes associated with antibiotic treatments, and 

sold and death events recorded during the first 60 DIM also were collected from the dairy 

software. Diagnoses of health problems and treatments with antibiotic were performed by trained 
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farm personnel under the supervision of a veterinarian. Health events associated with treatments 

occurring during the first 60 DIM were uterine diseases (UTD; retained fetal membranes or 

metritis), mastitis, and digestive, respiratory and locomotor problems. Retained fetal membranes 

(RFM) was defined as failure to expel fetal membranes by 24 h postpartum. Metritis was 

characterized by the presence of fetid and red or brown uterine discharge during the first 21 

DIM. Mastitis was characterized as the presence of abnormal milk (i.e., clots or distinct 

coloration), inflammation of the mammary gland, or both. Digestive problems consisted of 

alterations in consistency and color of feces. Respiratory problems were defined as increased 

respiratory frequency and presence of fever (rectal temperature > 39.5°C). Lastly, clinically lame 

cows were considered to have a locomotor disorder. Date of sold and death events were used to 

calculate DIM at culling from the herd. 

 Body Condition Score and Milk Yield 

Body condition score (BCS) was assessed on a scale 1 (severe underconditioned) to 5 

(obese) with quarter-points increments (Ferguson et al., 1994) at enrollment and after calving (4 

± 3 DIM). Individual daily milk yield was recorded using a parlor management software 

(DairyPlan C21; GEA Farm Technologies, Naperville, IL) and weekly milk calculated by the on-

farm computer software (DairyComp) was extracted. 

 Blood Sampling 

In a subgroup of cows (n = 201), a blood sample was collected from a coccygeal vessel 

into evacuated tubes containing K2 EDTA (Becton Dickinson Vacutainer Systems, Franklin 

Lakes, NJ) for later evaluation of pregnancy-associated glycoproteins (PAG). Blood sample 

tubes were placed on ice until centrifugation for plasma separation (1,200 × g for 15 min at 4 

°C). Plasma samples were frozen and stored at -20 °C until analysis. 
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 Statistical Analyses 

The difference between calving and previous conception dates was used to calculate 

gestation duration, and dry date and close-up pen move date were used to days dry, and days in 

the close-up pen, respectively. Statistical analyses were performed using SAS version 9.4 (SAS 

Institute Inc., Cary, NC, USA). Dichotomous variables were analyzed by logistic regression and 

continuous variables were analyzed by ANOVA using the GLIMMIX procedure. The MIXED 

procedure was used to analyze the milk yield data as repeated measures. Models used in the 

statistical analyses included VT treatments (HT-CON vs. HT-TRT vs. LT), parity (primiparous 

vs. multiparous), and the interaction between VT treatments and parity. In the repeated-measure 

analyses, the following independent nuisance variables also were included in the model: week of 

lactation and the interactions between week of lactation and VT treatments, week of lactation 

and parity, and week of lactation, VT treatments and parity. Interactions were removed from the 

model in instances that P value was > 0.10. Orthogonal contrasts (C) were used to evaluate the 

associations between outcomes of interest and classifying cows into VT treatments, moving HT 

cows earlier to the close-up pen, or both (C1: HT-CON + HT-TRT vs. LT; C2 = HT-CON vs. 

HT-TRT; C3 = HT-TRT vs. LT; C4 = HT-CON vs. LT).  

Because distribution of PAG residuals were not normally distributed, PAG values were 

log-transformed before statistical analysis. In addition, because blood samples were collected at 

enrollment (before applying the management strategy to HT-TRT cows), the fixed effect of VT 

treatment in the model consisted of 2 factors (HT vs. LT) rather than 3 (HT-CON vs. HT-TRT 

vs. LT). In addition, pregnancy type (singleton vs. twins) was included in the model that 

evaluated the association between PAG concentration and variables of interest. Dairy was 



35 

included as a random effect in all the models. Statistical significance was defined as P < 0.05 and 

statistical tendencies as 0.05 < P < 0.10. 

 RESULTS 

Eight cows were removed from the study and were not included in the statistical 

analyses. Of these cows, one was not moved to the close-up pen according to the dairy’s SOP 

because of a health disorder and seven cows were diagnosed not pregnant after 300 days of 

gestation. 

Temperature-Humidity Index 

Average daily THI during the period cows were in the close-up pen was 73.6, 72.0, and 

73.7 for dairies A, B, and C, respectively. Furthermore, average daily maximum and minimum 

THI were 85.1 and 64.3 (dairy A), 81.5 and 62.4 (dairy B), and 83.7 and 64.8 (dairy C). Average 

daily temperature and relative humidity for dairies A, B, and C were 26.5 ºC and 61.6%, 25.9 ºC 

and 53.3%, and 26.3 ºC and 61.9%, respectively.  

Vaginal Temperature and Prepartum Descriptive Data 

Proportion of primiparous cows enrolled in the study did not (P = 0.87) differ between 

HT-TRT and HT-CON. In contrast, fewer (P < 0.01) primiparous cows were in the LT compared 

with HT (35.1 vs. 49.5%) treatments. Cows classified as HT had greater VT (P < 0.01), 

incidence of twinning (P < 0.01), and proportion s of male calves (P = 0.02) than LT cows 

(Table 1). 

Previous projected 305-d mature equivalent milk yield, DIM at dry-off, and BCS change 

from enrollment to parturition did not differ among treatments. Cows classified as HT had 

reduced (P < 0.01) gestation and dry period length than LT cows. Cows classified as HT-CON 

spent fewer (P < 0.01) days in the close-up pen than HT-TRT and LT cows. As a consequence of 
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the management strategy evaluated in this study, days spent in the close-up pen also differed (P 

< 0.01) between HT-TRT and LT cows (Table 1). 

Stillbirth and Antimicrobial Treatments 

High temperature cows had greater (P < 0.01) incidence of stillbirth compared with LT 

cows (Table 2). Parity and the interaction between VT treatment and parity were not associated 

(P > 0.21) with incidence of stillbirth. Cows classified as HT were more likely (P = 0.03) to be 

treated with antimicrobials for RFM compared with LT cows. Nonetheless, no difference (P = 

0.16) was detected in proportion of cows treated with antimicrobials between HT-TRT and LT. 

Proportion of cows treated for metritis did not differ (P = 0.18) between HT and LT cows; 

however, a tendency (P = 0.08) was detected for more HT-CON cows to be treated compared 

with LT cows. Low temperature cows tended (P = 0.06) to have fewer treatments for uterine 

disease than HT cows during the first 21 DIM (RFM or metritis), but no differences were 

detected between HT-TRT and LT cows (Table 2). Proportion of cows treated for mastitis during 

the first 60 DIM was not associated (P > 0.56) with VT treatment. Considering all antimicrobial 

treatments during the first 60 DIM, HT cows tended (P = 0.08) to be more likely to be treated 

than LT cows. The interaction between VT treatment and parity was not associated with stillbirth 

or any antimicrobial treatments. 

Culling Risk 

Proportion of cows that died during the first 60 DIM differed (P = 0.01) between LT and 

HT-CON cows (Table 2), but no difference (P = 0.11) was detected between HT-TRT and HT-

CON cows. The interaction between VT treatment and parity was not (P = 0.74) associated with 

the proportion of dead cows. Proportion of cows sold during the first 60 DIM was not (P > 0.39) 

associated with VT treatment, but was associated (P = 0.04) with interaction of VT treatment and 
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parity. Considering both proportion of dead and sold cows during the first 60 DIM, HT-CON had 

increased (P = 0.02) culling risk than LT cows (Table 2). Nonetheless, no difference (P = 0.13) 

was detected between HT-CON and HT-TRT cows. The interaction between VT treatment and 

parity tended (P = 0.07) to be associated with culling during the first 60 DIM. 

Milk Yield  

Cows classified as HT had decreased (P < 0.01) milk yield compared with LT cows. 

Nonetheless, milk yield did not differ (P < 0.01) between HT-TRT and LT cows. The interaction 

between week of lactation, parity, and VT treatment was not associated (P = 0.56) with milk 

yield during the first 90 DIM. The interaction between week of lactation and parity affected (P = 

0.05) milk yield. In addition, the interaction between week of lactation and VT treatment tended 

(P = 0.07) to affect milk yield (Figure 1A and 1B).  

First-Service Reproductive Performance 

Proportion of cows submitted to first service differed between HT and LT cows (P = 

0.04) and HT-CON and LT cows (P < 0.01; Table 2). Nonetheless, no differences were observed 

between HT-TRT and LT cows (P = 0.51) and HT-TRT and HT-CON cows (P = 0.18). Similar 

findings were observed for the proportion of cows pregnant to first service (Table 2).  

Plasma Pregnancy-Associated Glycoprotein (PAG) Concentration 

Plasma concentration of PAG was cows greater (P = 0.02) for HT compared with LT 

cows (Figure 2). Primiparous cows had greater (P = 0.01) PAG concentration than multiparous 

cows (4.13 ± 0.16 vs. 3.72 ± 0.12 ng/mL). In addition, cows bearing twins had greater (P < 0.01) 

PAG concentration than cows carrying singletons (4.31 ± 0.22 vs. 3.54 ± 0.08 ng/mL). The 

interaction between VT treatment and parity did not (P = 0.73) affect plasma concentration of 

PAG. 
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 DISCUSSION  

Approximately 75% of health disorders that affect dairy cows occur during the first few 

weeks after parturition (LeBlanc et al., 2006). Several of these disorders require treatments that 

include use of antimicrobials. Besides affecting well-being and culling of dairy cows, occurrence 

of health disorders early in lactation negatively impacts milk yield (Duffield et al., 2009; Dubuc 

et al., 2011; Moussavi et al., 2012). Identification of dairy cows more prone to have postpartum 

health disorders before calving allows implementation of targeted interventions tailored to 

prevent postpartum problems, which may potentially reduce antimicrobial usage and improve 

milk yield of dairy cows after parturition. Recent observational studies demonstrated that VT 

approximately 3 wk before calving is associated with postpartum health and productive 

performance during the subsequent lactation of heat-stressed dairy cows (Scanavez et al., 2017; 

2019). In these studies, VT was assessed in dry cows from herds that provided (Scanavez et al., 

2019) or did not provide (Scanavez et al., 2017) evaporative cooling to alleviate heat stress 

during the dry period. In both studies, elevated VT assessed at 250 to 260 days of gestation was 

associated with a greater occurrence of health disorders during the first 60 DIM of the 

subsequent lactation (Scanavez et al., 2017; 2019). In addition, Scanavez et al. (2017; 2019) 

indicated that cows classified as having high VT during the dry period had reduced milk yield 

after calving compared with cows classified as having low VT.  

Consistency in the findings observed in these studies indicate that VT may be used to 

identify dry cows that are more likely to present health disorders and have reduced milk yield 

after parturition during periods of heat stress. Nonetheless, the method used to evaluate VT by 

Scanavez et al. (2017; 2018; 2019) may not be practical for implementation in commercial dairy 

herds because it requires specialized temperature loggers and is highly time consuming. In 
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pursuance of a more practical approach to identify HT and LT cows at the farm level, the authors 

of the current experiment used an ultra-accurate thermometer to assess a single measurement of 

VT of dry cows. Furthermore, the authors investigated whether moving cows earlier to the close-

up pen would improve postpartum health, milk yield, and reproductive performance of cows that 

presented greater VT during the dry period. Ultimately, the main goal of the current experiment 

was to test a management practice targeted to cows presenting HT during the dry period in order 

to reduce the proportion of cows treated with antimicrobials after calving. 

Authors of the present study hypothesized that HT cows would be more likely to have 

postpartum health disorders and be treated with antimicrobials than their LT counterparts. Recent 

studies demonstrated that short GL is a risk factor for postpartum health disorders and 

consequent treatment with antimicrobials in dairy cows (Vieira-Neto et al., 2017; Chebel et al., 

2018). In the current study, GL was shorter for HT compared with LT cows, which agrees with 

findings reported by others (Scanavez et al., 2017; 2018; 2019). In addition, twinning is a 

significant risk factor for several postpartum health disorders such as RFM and metritis in dairy 

cattle (Vieira-Neto et al., 2017; Chebel et al., 2018). Twinning incidence in the present study was 

approximately 3-fold greater for HT cows compared with LT cows, which corroborates results 

reported by Scanavez et al. (2019), in which incidence of twinning was 19.7 and 4.2% for cows 

classified as having high or low VT during the dry period, respectively. Because GL is shorter in 

cows bearing twins compared with cows carrying singletons (Echternkamp and Gregory, 1999; 

Vieira-Neto et al., 2017), it is likely that greater twinning incidence in HT cows partially 

explains the reduced GL observed in this cohort compared with LT cows. Furthermore, both 

shorter GL and twinning are associated with increased risk of stillbirth (Olson et al., 2009; 

Chebel et al., 2018). Findings reported in the current study confirm the association between 



40 

shorter GL and twinning with occurrence of stillbirth, given that HT cows were more likely to 

have stillbirth than LT cows. Nonetheless, stillbirth incidence was smaller in the current study 

than previously reported (Meyer et al., 2001). Overall, multiple characteristics differed between 

cows classified as having HT or LT during the dry period (e.g., GL, and twinning, and stillbirth 

incidence), which likely increased the risk of HT cows to have more postpartum health disorders, 

therefore, requiring more antimicrobial treatments compared with the LT counterparts. Further 

research must be conducted to determine whether HT and LT cows have different genetic 

characteristics.  

Incidence of antimicrobial treatments for UTD in the present study tended to be greater 

for cows classified as HT during the dry period compared with LT cows. This finding partly 

supports our initial hypothesis that dry cows with HT would be more likely to be treated with 

antimicrobials than LT cows. In line with our findings, Scanavez et al. (2017) reported that cows 

classified during the dry period as having high VT were more likely to be treated for uterine 

disorders (e.g., RFM and metritis) during the first 3 wk of lactation than cows that had low VT. 

As previously described, HT cows had shorter GL and increased incidence of twinning than LT 

cows, which are important risk factors for RFM and metritis (Echterkamp and Gregory, 1999; 

Vieira-Neto et al., 2017; Chebel et al., 2018). Prepartum feeding time and DMI are reduced in 

cows that develop RFM and metritis after parturition compared with cows that do not develop 

uterine diseases (Huzzey et al., 2007; Luchterhand et al., 2016). In studies that compared the 

effects of cooling dry cows during the summer on postpartum productive performance, it has 

been suggested that prepartum DMI is reduced in heat-stressed dry cows (Adin et al., 2009; Tao 

et al., 2011; Karimi et al., 2015). Considering that HT cows were more severely affected by heat 

stress than their LT counterparts, as indicated by greater VT, we speculate that DMI may have 
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been lesser for HT than LT cows in the current experiment. Because the current study was 

conducted in large commercial dairy herds, individual DMI could not be evaluated. In contrast to 

UTD, proportion of cows treated for mastitis during the first 60 DIM was not associated with VT 

group. This finding is in agreement with results reported by Scanavez et al. (2017; 2019), in 

which no associations were detected between occurrence of mastitis after parturition and dry-

period VT as a categorical or continuous predictor.  

Findings from a previous experiment indicated that providing cooling to dry cows during 

summer improves immune function during early lactation (Thompson et al., 2014), which may 

lead to greater ability of cows to cope with intra-mammary infections, such as mastitis. In the 

study conducted by Thompson et al. (2014), however, all intra-mammary infections were 

induced artificially, which prevents evaluation of mastitis incidence and direct comparisons with 

results described herein. Nonetheless, increased incidence of antimicrobial treatments in HT 

compared with LT cows indicates the method adopted to classify cows based on VT during the 

dry period was useful to identify cows more prone to have health disorders after parturition. In 

an observational study conducted in two large commercial dairy herds, Chebel et al. (2018) 

suggested that BCS loss during the dry period greatly increases the likelihood of dairy cows to be 

treated with antimicrobials after parturition. In the current study, BCS change did not differ 

among VT treatments. Thus, the underlying mechanisms accounting for differences in incidence 

of treatments with antimicrobials between HT and LT cows seem to be independent of BCS 

changes during the dry period. 

Because prepartum-identified HT cows are more susceptible to postpartum health 

disorders, an intervention was tested as an attempt to optimize health, and productive and 

reproductive performance after parturition. Based on results reported by Scanavez et al. (2017; 
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2018; 2019) the authors expected GL to be shorter for HT cows, which would ultimately reduce 

the number of days spent in the close-up pen for this cohort of cows compared with their LT 

counterparts. Prepartum diets with anionic salts reduce incidence of postpartum hypocalcemia 

(Ender et al., 1971; Block, 1984) which, in turn, is a risk factor for several postpartum health 

disorders (Chapinal et al., 2011; Martinez et al., 2012). Despite the lack of controlled 

experiments to determine the ideal duration of exposure of cows to transition diets in the close-

up pen, observational studies suggest that productive and reproductive performance are impaired 

in cows that spend less than 2 or 3 wk receiving a prepartum transition diet containing anionic 

salts (DeGaris et al., 2008; 2010). As demonstrated by Scanavez et al. (2017; 2019) and 

confirmed in the current study, cows with increased VT during the dry period have shorter GL 

and spend fewer days in the close-up pen than cows with low VT. Thus, the authors 

hypothesized that increasing the number of days spent in the prepartum pen would optimize 

health and reduce antimicrobial treatments in HT-TRT compared with HT-CON cows. Our 

results partly confirm our initial hypothesis because proportion of cows treated with 

antimicrobial did not differ between HT-TRT and LT cows, but were greater for HT-CON than 

for LT cows. This finding suggests that antimicrobial treatment for uterine diseases was reduced 

for HT-TRT. The authors contend, however, that incidence of uterine disorders in cows with 

high VT was considerably reduced in the current than in previous studies (Scanavez et al., 2017; 

2019). Therefore, it is possible that lack of statistical power to detect a lesser incidence of UTD 

in the present study may have prevented detection of a statistical difference between HT-CON 

and HT-TRT cows. Nevertheless, it seems that moving cows earlier to the close-up pen did not 

reduce the overall use of antimicrobial treatments during the first 60 DIM.  
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Milk yield during the first 13 wk of lactation was greater for LT compared with HT cows. 

This finding further indicates that the method used to assess VT in the present study was useful 

to identify dry cows expected to have reduced milk production after parturition. Moreover, this 

finding agrees with previous results (Scanavez et al., 2017; 2019), who reported that cows with 

increased VT during the dry period have reduced milk yield early in lactation compared with 

cows that presented lower VT before calving. It has been suggested that mammary cell 

proliferation is negatively impacted in dry cows exposed to heat stress, which ultimately results 

in reduced milk yield after parturition (Adin et al., 2009; Tao et al., 2011). The authors speculate 

that mammary cell proliferation may have been impacted negatively in HT cows, impairing milk 

yield after parturition compared with LT cows. Increased number of days spent in the prepartum 

pen increased postpartum milk yield in HT-TRT compared with HT-CON in multiparous cows. 

Several authors reported that supplementation with acidogenic salts during the last few weeks 

before parturition increases postpartum milk yield (DeGroot et al., 2010; Lean et al., 2019). It 

has been suggested that exposure to anionic diets for approximately 25 d increases milk yield in 

the subsequent lactation (DeGaris et al., 2008). In the current study, HT-TRT cows spent 

approximately 25 d in the close-up pen. The authors contend, however, that the design of this 

study does not allow one to determine whether longer exposure to the prepartum diet was the 

main factor for increased milk yield of HT-TRT compared with HT-CON cows. We speculate 

that other factors associated with the far-off and close-up pens, such as stocking density, played a 

role in increasing milk yield after parturition. Nutrient partitioning towards growth in 

primiparous cows may explain the lack of effect of extending duration in the prepartum pen on 

milk production of HT-TRT cows. 
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Reduced milk yield is one of the main reasons for culling in dairy herds (Pinedo et al., 

2010). Even though culling during the first 60 DIM did not differ between LT and HT cows, 

cullring risk was greater for HT-CON compared with LT cows. Increased culling risk of HT-

CON cows occurred mostly because of greater mortality by 60 DIM compared with cows 

classified as LT. Several studies suggested that death loss is the number one reason for removal 

during the first 60 to 100 DIM (Dechow and Goodling, 2008; Pinedo et al., 2010). In addition, 

mortality of lactating dairy cows is increased during warm months of the year (Pinedo et al., 

2010), suggesting a relationship between early lactation mortality and heat stress. Heat stress 

negatively affects the immune status of dairy cows during the periparturient period (do Amaral et 

al., 2011), which may increase susceptibility of cows to develop postpartum health disorders. 

Cows that deliver twins are more likely to be culled during the first 90 DIM than cows carrying 

singletons (Andreu-Vazquez et al., 2012). Therefore, it is possible that greater incidence of 

twinning may be one of the factors influencing the increase in culling risk for HT-CON 

compared with LT cows. Moreover, because reduced exposure to transition diets increases 

culling risk in dairy cows (DeGaris et al., 2010), we speculate that greater culling was observed 

in HT-CON because they spent fewer days in the close-up pen than HT-TRT and LT cows. 

Besides affecting culling dynamics, twinning is associated with impaired reproductive 

performance in dairy cows (Andreu-Vasquez et al., 2012; Vieira-Neto et al., 2017). Because of 

the extensive evidence of carry-over effects of heat stress on reproductive traits (Roth et al., 

2001; Al-Katanani et al., 2002; Torres-Júnior et al., 2008), one of the objectives in the current 

study was to investigate whether VT before calving was associated with reproductive 

performance in the subsequent lactation. Despite the vast literature focused on the effects of heat 

stress during the lactating period on reproductive performance (Flamenbaum and Galon, 2010; 



45 

Schüller et al., 2014; Ortiz et al., 2015), very limited data are available regarding the association 

between exposure to heat stress during the dry period and subsequent reproductive performance 

after parturition. In the present study, a smaller proportion of HT cows were inseminated after 

parturition than their LT counterparts, likely because of greater culling risk by 60 DIM in the 

HT-CON cohort. Furthermore, pregnancy at first service was greater for LT compared with HT 

cows. These results differ from those reported by Scanavez et al. (2017; 2019) that indicated that 

pregnancy at first service was similar between cows classified during the dry period as having 

high or low VT. Those studies (Scanavez et al., 2017; 2019), however, used a considerably 

smaller number of experimental units than the current experiment. Furthermore, authors of the 

current study decided to classify cows as HT only the ones with the 20% highest VT, whereas 

Scanavez et al. (2017; 2019) considered cows with the 50% highest VT. The classification 

method used herein may have selected the most heat-susceptible cows, which ultimately resulted 

in differences in pregnancy at first service between HT and LT cows. In a prospective cohort 

study, DeGaris et al. (2010) reported increased pregnancy risk when cows were exposed longer 

to prepartum transition diets was increased. Because no difference in proportion of pregnant 

cows at first service was detected between LT and HT-TRT cows, it is unlikely that increasing 

days in the prepartum pen improved reproductive efficiency after calving.  

Similar to Scanavez et al. (2019), the present study demonstrated increased plasma 

concentration of PAG in HT compared with LT cows in late gestation. Limited data exist in the 

literature regarding PAG profile during late gestation, which prevents direct comparisons with 

findings from the current study. In lactating dairy cows, milk yield, number of lactations, and 

heat stress have a negative association with PAG concentrations (Thompson et al., 2013; Ricci et 

al., 2015). Furthermore, PAG concentration in blood can indicate fetal viability (Giordano et al., 
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2012; Pohler et al., 2013), and have a positive association with number of fetuses and calf birth 

weight (Patel et al., 1995; Giordano et al., 2012). Cows bearing twins present greater PAG 

concentration than cows pregnant with singletons (Serrano et al., 2009), likely because of the 

presence of two placentas (Patel et al., 1997). Thus, it is possible that the increased PAG 

concentration in plasma of HT cows may be partially explained by the greater twinning 

incidence observed compared with LT cows. Notwithstanding, HT cows bearing singletons also 

had increased PAG concentration compared with LT cows, suggesting that factors other than 

twinning also are involved in the association between VT category and PAG concentration. Patel 

et al. (1997) demonstrated that PAG concentration profile during late gestation can be used as 

indicator of fetal-placental viability. In sheep, Penninga and Longo (1998) described 

compromised placental development in presence of stressors such as hypoxia and dietary 

restriction. Furthermore, these events can lead to an increased concentration of circulating 

corticoids, also observed in cows with increased rectal temperature resulting from thermal stress 

(Jain, 1976; Wegner et al., 1973). Ward et al. (2002) demonstrated that increased circulating 

cortisol in ewes decreased the number of binuclear cells (BNC) in the placenta, likely because of 

increased rate of BNC placental migration. The migratory event of BNC on fetal-maternal 

syncytium precedes the exocytosis of the cellular granules containing glycoproteins (Wooding, 

1992) and its release into maternal circulation. The authors of that study speculated that stressors 

such as hyperthermia during late gestation can play an important role on placental function and 

its secretory activity, ultimately affecting PAG concentrations in plasma. More research is 

warranted to evaluate mechanisms of PAG secretory patterns during late gestation and its 

association with late gestation stressors. Nevertheless, because HT cows had greater PAG 

concentration, greater risk of being treated with antimicrobials early in lactation, and produced 
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less milk than LT cows, we speculate that late gestation PAG concentration may be used as 

indicator of increased susceptibility of postpartum health disorders and treatment with 

antimicrobials, and subpar productive performance in the subsequent lactation. 

In conclusion, a single VT assessment during the dry period was useful to identify cows 

more likely to be treated with antimicrobials, have reduced milk yield, and decreased 

reproductive performance after parturition. Although the proposed strategy of increasing days in 

the close-up pen reduced antimicrobial treatments for uterine diseases in HT cows, proportion of 

cows treated for any antimicrobial treatment during the first 60 DIM was not reduced. 

Nonetheless, the management strategy evaluated in this study increased milk yield of 

multiparous HT cows. The authors contend that this study was not designed to evaluate specific 

prepartum diets. Instead, our focus was to evaluate the use of a management practice (e.g., 

extending days in the close-up pen) and its responses on postpartum outcomes. Therefore, based 

on our findings, the authors cannot precisely identify the factors that improved performance of 

cows after calving, limiting our conclusions to moving HT cows earlier to the close-up pen 

benefited dairy cows. Nonetheless, findings reported herein have the potential to greatly improve 

productive performance of dairy cows exposed to heat stress during the dry period in commercial 

dairy operations and limit the use of antimicrobial treatment for uterine diseases. 
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Table 1 Prepartum descriptive data (mean ± SEM) of cows classified as high temperature treatment (HT-TRT), high temperature 

control (HT-CON), and low temperature (LT) before calving 

 Treatment1  P-value2 

Item LT HT-TRT HT-CON  C1 C2 C3 C4 

Number of cows 1,277 160 159  - - - - 

Average vaginal temperature, ºC 39.13 (0.06) 39.71 (0.07) 39.70 (0.07)  <0.01 0.72 <0.01 <0.01 

Days of gestation at enrollment 242.3 (0.7) 243.0 (0.7) 242.7 (0.7)  <0.01 0.26 <0.01 0.05 

Body condition score3 at enrollment 3.39 (0.05) 3.33 (0.06) 3.31 (0.06)  0.02 0.68 0.13 0.04 

Body condition score at parturition 3.13 (0.01) 3.07 (0.03) 3.02 (0.03)  <0.01 0.27 0.10 <0.01 

Body condition score change4 -0.58 (0.25) -0.43 (0.30) -0.68 (0.30)  0.85 0.29 0.39 0.59 

Dry period duration, d 54.3 (2.3) 53.1 (2.4) 51.0 (2.4)  <0.01 0.03 0.08 <0.01 

Days spent in close-up pen, d 20.3 (1.78) 24.5 (1.84) 15.9 (1.84)  0.75 <0.01 <0.01 <0.01 

Gestation duration, d 274.1 (0.5) 271.5 (0.7) 270.6 (0.7)  <0.01 0.16 <0.01 <0.01 

P305 ME5, kg 15,541 (414) 15,341 (472) 15,203 (473)  0.16 0.69 0.44 0.19 

Days in milk at dry-off, d 320.8 (3.7) 317.2 (5.1) 316.6 (5.1)  0.18 0.91 0.35 0.28 

Twinning, % 5.6 15.4 18.2  <0.01 0.51 <0.01 <0.01 

Female calves born, % 49.8 44.7 38.9  0.02 0.35 0.27 0.02 
1 Low temperature (LT), high temperature treatment (HT-TRT), and high temperature control (HT-CON). 
2 Contrasts: C1 = LT vs. HT-TRT + HT-CON; C2 = HT-TRT vs. HT-CON; C3 = LT vs. HT-TRT; C4 = LT vs. HT-CON. 
3 Body condition score on a scale 1 (severe underconditioned) to 5 (obese). 
4 Body condition score change from enrollment to parturition. 
5 P305 ME: Previous projected 305-d mature equivalent milk yield. 
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Table 2 Incidence of antimicrobial treatment and culling risk during the first 60 days 

postpartum, and reproductive efficiency of cows classified as high temperature treatment (HT-

TRT), high temperature control (HT-CON) and low temperature (LT) 

 Treatment1  P-value2 

Item LT HT-TRT 
HT-

CON 
 C1 C2 C3 C4 

Stillbirth, % 4.1 6.9 8.3  < 0.01 0.65 0.08 0.01 

Retained fetal 

membranes, % 
7.8 10.7 12.1  0.03 0.70 0.16 0.05 

Metritis, % 2.9 3.3 5.4  0.18 0.39 0.68 0.08 

Treatment of uterine 

diseases3, % 
9.6 11.9 14.0  0.06 0.59 0.29 0.07 

Mastitis, % 12.3 13.3 11.2  0.70 0.56 0.48 0.93 

All disorders, % 23.8 26.1 28.2  0.08 0.69 0.29 0.11 

Died by 60 DIM, % 2.8 2.5 6.3  0.16 0.11 0.98 0.01 

Sold by 60 DIM, % 5.6 4.4 5.7  0.64 0.50 0.94 0.39 

Culled by 60 DIM, % 8.3 6.9 12.0  0.11 0.13 0.80 0.02 

Inseminated, % 89.7 89.4 84.3  0.04 0.18 0.51 < 0.01 

Pregnant at first AI, % 41.4 37.0 33.9  0.03 0.56 0.20 0.05 
1 Low temperature (LT), high temperature treatment (HT-TRT), and high temperature control 

(HT-CON). 
2 Contrasts: C1 = LT vs. HT-TRT + HT-CON; C2 = HT-TRT vs. HT-CON; C3 = LT vs. HT-

TRT; C4 = LT vs. HT-CON. 

3 Uterine diseases: cows treated with antimicrobials for retained fetal membranes or metritis. 
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Figure 1 Milk yield during the first 13 wk of lactation of cows classified as low temperature (LT), high 

temperature treatment (HT-TRT), or high temperature control (HT-CON). (A) Primiparous cows (overall 

mean ± SEM): LT = 41.7 ± 0.8; HT-TRT 39.4 ± 1.1; HT-CON = 39.7 ± 1.1 kg/d. (B) Multiparous cows 

(overall mean ± SEM): LT = 44.4 ± 0.7; HT-TRT = 45.4 ± 1.1; HT-CON = 42.3 ± 1.1 kg/d.  
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Figure 2 Plasma concentration of bovine pregnancy-associated glycoprotein (PAG) in Holstein 

cows classified as high or low temperature based on vaginal temperature before calving. High 

temperature cows had greater (P = 0.02) PAG concentration compared with low temperature 

cows (4.11 ± 0.13 vs. 3.74 ± 0.15 ng/mL).  
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Chapter 3 - General Conclusions 

During the past decades several researchers have demonstrated the impact of poor 

transition from late gestation to lactation on performance of dairy cows after calving. As 

discussed in this thesis, several factors may affect cows on late gestation, resulting in a 

detrimental effect on health, milk production, reproductive efficiency, and culling dynamics after 

calving. Previous studies have demonstrated that heat-stressed dry cows that will have poor 

performance after calving can be identified during the early dry period (Scanavez et al., 2017, 

2019). Some characteristics of these cows are shortened GL, reduced days in prepartum pen, 

increased proportion of twinning, and increased VT during late gestation. Chapter 2 of this thesis 

highlights results of a study that used a new approach to identify heat-stressed dry cows more 

susceptible to have issues after calving. This innovative approach involved assessing VT once in 

the early dry period, which resulted in accurate identification of a cohort of cows with increased 

susceptibility for postpartum disorders. In addition, findings from this study demonstrated that 

concentration of PAG in late gestation has the potential to be used as a biomarker to identify 

cows with high VT, which is the cohort of cows more susceptible to be treated for postpartum 

diseases after calving. These findings should assist other researchers interested in further 

understanding the role of PAG in ruminants. 

In order to improve transition performance of cows more susceptible to have poor 

performance after calving, implementation of a management practice was adopted. The goal of 

the management practice was to extend the days in the prepartum pen (close-up pen) for cows 

susceptible to have health problems after calving (high-temperature cows) in order to reduce the 

use of antimicrobials and improve overall performance after calving. The strategy evaluated was 

reported in Chapter 2 partly confirmed our initial hypothesis. High temperature cows that were 
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moved earlier to the close-up pen had similar proportion of cows treated with antimicrobials for 

uterine disorders than LT cows. Nonetheless, HT cows that the management strategy was not 

utilized tended to be more likely to be treated for uterine disease then LT cows. Although 

benefits of implementing the management strategy were observed for cows developing uterine 

disease, no differences were observed in overall antimicrobial treatments during the first 60 

DIM. Nevertheless, the new management strategy resulted in increased milk yield during the 

first 90 DIM.  

This thesis highlights that dairy producers can be more efficient with the potential to 

reduce use of antimicrobials for specific disorders by targeting management strategies to cows 

more susceptible to have problems after calving. Because reducing the number of antimicrobial 

treatments in livestock is a pressing issue to address societal concerns, other strategies must be 

explored to target cows more prone to have disorders after calving. Lastly, further research is 

warranted to understand the mechanism involved in cows having increased VT before calving. 


