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ABSTRACT 

LONG-TERM EFFECTS OF CLINICAL DISEASES POSTPARTUM ON PERFORMANCE 

AND HERD SURVIVAL OF DAIRY COWS AND ON DEVELOPMENTAL 

PROGRAMMING OF DAIRY HEIFERS 

Murilo Romulo Carvalho 

University of Guelph, 2018

Advisor(s): 

Eduardo de Souza Ribeiro 

This thesis investigated whether clinical diseases postpartum have long-term consequences 

for production, reproduction, and culling of dairy cows, and whether the potential long-term effects 

on reproduction extend to postnatal life in pregnancies that survive to term. In addition, it also 

investigated potential developmental programming in heifers associated with the metabolic status 

of the dam during gestation (nonlactating heifer vs lactating cow). The results showed that clinical 

diseases postpartum reduce lactation and reproductive performances for a long period after clinical 

resolution of the disease, and increase culling. In addition, daughters of cows that had disease in 

the lactation preceding their birth had reduced morbidity up to first lactation but were more likely 

to leave the herd compared with daughters of cows that did not have disease. Potential 

developmental programming caused by metabolic status of the dam was also characterized and 

further contribute to the general understanding of developmental programming in cattle.           
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1 INTRODUCTION 

The period between 21 days before and 21 days after parturition are described as the 

transition period for dairy cows (Grummer, 1995). Endocrinal, physiological and behavioral 

changes occur during the transition from the nonlactating to lactating period (Drackley et al., 2001; 

DeFrain et al., 2005). In addition, the metabolism of the cow is highly affected. Feed intake around 

calving is generally reduced (Marquardt et al., 1977) but energy and nutrient requirements are 

increased because of demands of the developing fetus and onset of lactation. The mammary gland 

demands significant amounts of energy and nutrients for milk synthesis and is supported by 

homeorhetic regulation of the metabolism (Bauman and Bruce Currie, 1980). The nutrient deficit 

concurrent with endocrine and metabolic adaptations are responsible for lowering the host’s 

defense mechanisms (Mallard et al., 1998) and increasing the susceptibility to infectious diseases. 

In fact, the first weeks after parturition are the most critical for disease, and more than 30% of 

cows are diagnosed with at least one clinical case during this period (Ribeiro and Carvalho, 2017). 

1.1 Incidence of clinical diseases in lactating dairy cows and associated costs 

Clinical diseases impair profitability of dairy farms (Galligan, 2006). The direct costs of 

clinical diseases are those related with drugs, veterinary treatment, labor, infrastructure and 

logistics to properly treat the animal. Moreover, the cows normally have a reduction in milk 

production and, depending on the treatment chosen, they must have the harvested milk discarded 

because of treatment residues. Although these costs can be estimated in a herd, all the postpartum 

diseases can have a large range of occurrence in different herds. Several factors can contribute to 
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the incidence of different diseases: factors not related to the farm itself, such as climate and 

seasonality, as well as farm-related aspects like breed, farming system, culture, labor training and 

feeding management. Overall, postpartum diseases can affect 40 to 70% of dairy cows 

(Ahmadzadeh et al., 2009; Ribeiro et al., 2013, 2016; Ribeiro and Carvalho, 2017). For lactating 

dairy cows, a broad classification can be used for clinical diseases, according to the organ or tissue 

affected. However, regardless of whether the disease is of uterine origin or not, there is evidence 

that both have some negative impact on reproductive performance by reducing fertility and 

increasing pregnancy losses after first breeding (Ribeiro et al., 2016; Ribeiro and Carvalho, 2017). 

1.1.1 Mastitis 

The most common non-uterine uterine disease in dairy cows is mastitis: an inflammation 

of the mammary gland, normally caused by bacterial or fungal infection. In United States’ herds, 

it occurs in almost every farm in the country (NAHMS, 2016), and affects around 25% of the 

animals. The data from Canada are similar, as a study published in 2008 using information from 

106 dairy farms from 10 different provinces showed an individual incidence rate of 23% (Olde 

Riekerink et al., 2008). It is important to note, however, that clinical mastitis cases occur 

throughout lactation, and not only during the weeks following calving. This aspect makes the 

incidence of mastitis vary between herds and in which period they occur. For example, more than 

90% of uterine diseases and hypocalcemia cases occur during the postpartum period. For mastitis, 

it is safe to say that more than half of the cases happen during early lactation, and it can be the 

most prevalent clinical disease during this period, as Ribeiro et al (2013) found an overall 

prevalence around 15% in grazing dairy cows. Regarding costs of mastitis, there is a large 
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variability because of different types of pathogens and severity, but on average one case costs $325 

to $426 (Liang et al., 2017). 

1.1.2 Respiratory diseases 

Respiratory diseases have a low incidence in lactating dairy cows, occurring with higher 

frequency in dairy calves. In North America, the incidence of respiratory disorders in adult 

lactating animals is lower than 5% (NAHMS, 2007). Since it is an opportunistic disease, a lower 

immune capacity during the postpartum period is the main associated risk (Kimura et al., 1999). 

A review by Gorden and Plummer (2010) detailed other factors associated to higher rates of 

respiratory diseases, which include ventilation and barn design, specific immune competency 

against some pathogens, use of vaccines, and nutritional status. 

1.1.3 Lameness 

Lameness can be described as a clinical manifestation of impaired movement or deviation 

from normal gait or posture. In this review, diseases in the hooves will be focused on, as they are 

the most common cause of lameness in North America (NAHMS, 2007; Malchiodi et al., 2017), 

and physical injuries to the hooves and legs are easily diagnosed.  

It is a multifactorial disease caused by several factors, with several environmental aspects 

affecting its occurrence, which makes the incidence variable between farms. In addition, a variety 

of studies used different methodologies to record data. The more traditional method is based on 

farm records, which only considers what the producer and/or employees record. This relies on the 

capacity of the farm personnel to observe and diagnose properly which cows show locomotion 
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problems and has been proven to underestimate the real prevalence (Espejo et al., 2006). Recently, 

a new approach has been using hoof trimmers and veterinarians’ records to calculate lameness 

prevalence. It is more accurate in terms of diagnostics, but also adds a level of variability, as some 

animals will show some lesions without any clinical sign (lameness) (Cramer et al., 2008; 

Malchiodi et al., 2017). Also, this method can have bias by presenting animals that have higher 

chance to have some locomotion disorder to the hoof trimmer or veterinarian. 

Canadian studies have reported that almost every farm has at least one cow presenting some 

lesion or showing locomotion difficulty (Cramer et al., 2008), and the incidence ranges from zero 

to 100% at the herd level, averaging 21% of lameness in free-stall farms (Solano et al., 2015). 

When looking at individual diseases, again there is a large range and variability, but for confined 

animals in North America, the most prevalent is digital dermatitis, affecting 14 to 25% of the cows 

in Canada, while sole ulcers affect 4.9 to 12.5%, and white line disease affects 3.8 to 8% (Cramer 

et al., 2008; Malchiodi et al., 2017). It is important to note that just the first one has an infectious 

cause, while the others are associated with physical and other environmental aspects, such as 

bedding, stall size, floor material and temperature (Cramer et al., 2008). The costs related to 

lameness vary between 185 and 333 dollars (Liang et al., 2017). 

1.1.4 Digestive diseases 

The most prevalent digestive disease in dairy cows is displaced abomasum, and more 

specifically LDA. It is another multifactorial disease, normally highly associated with negative 

energy balance during the beginning of lactation (Stengärde et al., 2010). Most of the cases occur 

within the first week after parturition (Doll et al., 2009), affecting 3 to 7% of lactating dairy cows 
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in North America (LeBlanc et al., 2005; Stengärde et al., 2010; Reynen et al., 2015). Over time, 

the incidence of LDA has increased (Reynen et al., 2015), which can be associated with higher 

metabolic demand due to elevated milk production. It frequently requires surgical intervention for 

correction of abomasum disposition.  

 Other digestive diseases occur at lower level in lactating dairy cows. In the United States, 

less than 10% of the cows are recorded with diarrhea, blot or impaired ruminal and/or intestinal 

motility (NAHMS, 2007). The overall incidence of LDA is considerably higher than other 

digestive disorders, thus it is the most studied one. The economic impact of this disease ranges 

from 432 to 639 dollars (Liang et al., 2017). 

1.1.5 Retained fetal membranes 

The retain fetal membranes (RFM), or just a retained placenta, is the failure to expulse the 

placenta 12 or 24 hours after birth (LeBlanc et al., 2011; Galvão, 2013). Although it may not be 

unanimously considered a disease itself, a retained placenta is associated with impaired 

neutrophilic function and with local and systemic inflammatory responses (Kimura et al., 2002; 

LeBlanc et al., 2011). Also, it is directly associated with other reproductive diseases, such as 

metritis. Incidences vary between operations, as it is a multifactorial disease. Data from the United 

States show around 8% of the cows diagnosed with retained placenta (NAHMS, 2007). The costs 

associated with a RFM case ranges from 150 to 313 dollars (Liang et al., 2017). 
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1.1.6 Metritis and puerperal metritis 

Clinical metritis in dairy cows is an uterine inflammation characterized by an abnormally 

enlarged uterus and fetid watery red-brownish uterine discharge within the first 21 DIM (Sheldon 

et al., 2006). When the uterine discharge and enlarged uterus are present and there is pyrexia 

(temperature >39.5 ºC), it is classified as puerperal metritis. In severe cases, other signs of systemic 

disease can be present, such as reduced milk yield and dry matter intake, lethargy, elevated heart 

rate and dehydration. This second condition usually occurs before 10 DIM. It is important to note 

that just the presence of bacterial infection does not characterize a clinical disease. Most dairy 

cows will have microbial contamination in the uterus postpartum but the majority will control 

microbial proliferation and avoid development of disease. The ones that struggle to mount an 

effective immune response end up developing clinical signs of disease. 

The overall incidence rate of metritis in dairy cattle is around 20%, but it can have large 

variation across farms, ranging from 5% in grazing cows, to around 40% in confined herds 

(NAHMS, 2007; Dubuc et al., 2011a; Ribeiro et al., 2013; Ribeiro and Carvalho, 2017). The risk 

factors associated with metritis are normally related to parturition, such as dystocia, retained 

placenta, stillbirth, twins, abortion, uterine prolapse, and hypocalcemia (Martinez et al., 2012; 

Galvao, 2013). The economic impact of a metritis case varies between 170 and 262 dollars (Liang 

et al., 2017). 

1.2 Impact of clinical diseases on physiology and metabolism 

A clinical disease normally results from an opportunistic microbial infection that the host 

struggles to overcome (Casadevall and Pirofski, 2000). Not only the tissue injured by the infection 
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is affected, but a systemic response occurs in order to create an adequate immunological reaction 

(Colditz, 2002; Sordillo and Raphael, 2013). As a systemic response, the animal normally 

decreases its appetite, increases loss of body weight, and alters nutrient partitioning (Gifford et al., 

2012). In addition, the inflammatory response causes alterations in energy metabolism, which 

exacerbates the energetic deficit (Kvidera et al., 2017), requiring even more mobilization of body 

reserve, creating a cycle of inflammation and nutrient deficiency (Hotamisligil, 2017). 

A classic study with bumblebee workers showed the effect of a nutritional challenge on 

immunocompetency, as a LPS challenge caused a reduction of 50 to 70% on survival for starving 

compared to non-starving bumblebees (Moret and Schmid-Hempel, 2000). In dairy cows, a recent 

study elucidated the high energy demand (about 1kg of glucose) from the immune system to mount 

a proper response during a LPS challenge while maintaining similar blood glucose levels to non-

challenged cows (Kvidera et al., 2017), showing that a large amount of energy is necessary to 

mount this immune response. In consequence, the organism rearranges the glucose partitioning, 

which restricts the resources directed to production and reproduction, worsening the energy 

balance.  In non-experimental conditions, the nutritional and metabolic status are already 

compromised, so an opportunistic microbial infection will be more likely to develop (Sordillo, 

2016), which results in even worse capacity of the animal to deal with the infection. Therefore, the 

genetic selection focused on milk and components (fat and protein) production that the dairy 

breeds had during the last decades created an unfavorable scenario in terms of disease occurrence.  

Metabolic and physiologic changes are not only consequences of diseases but also 

predisposing factors for the development of clinical health problems (Roberts et al., 2012). For 

instance, cows that have a disease after parturition show different feeding patterns before calving 
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(Huzzey et al., 2007). Aspects such as depressed neutrophil function, hypocalcemia, ketosis, high 

NEFA, haptogoblin and BHBA, shorter eating time and lower dry matter intake are also 

prredisposing factors associated with higher incidence of disorders (Hammon et al., 2006; Huzzey 

et al., 2007; LeBlanc et al., 2011; Galvão, 2013). 

1.3 Impact of clinical diseases on milk production 

The systemic inflammatory response caused by a disease has several consequences for 

animal physiology and behavior, such as reduced activity and reduced feed intake (Gifford et al., 

2012). Just the reduction in feed intake can be enough to cause a drastic reduction in milk 

production, because it limits the availability of nutrients to the mammary gland. However, it is 

well understood that the metabolic demand of the immune system to deal with the infection affects 

nutrient partitioning, therefore reducing availability for the mammary gland. Researchers have 

therefore associated postpartum diseases with lower milk production in the short term (Walsh et 

al., 2007; Duffield et al., 2009; Overton et al., 2017). Also, in an experiment that the glucose levels 

of cows that were challenged with LPS were kept in similar level as control ones, the milk 

production was reduced in the treated ones (Kvidera et al., 2017), showing that just the nutritional 

aspect may not explain the whole scenario. However, it is unclear how different diseases affect the 

whole lactation performance, as a treatment received by a cow may not be enough for fully 

recovery of production capacity. It is also relevant to consider the severity of each specific case 

and the outcomes for milk production, which can have an economic impact even higher than it is 

known. 
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The evidence that prepartum metabolism, feeding behaviour and dry matter intake have 

relationship with incidences of postpartum clinical disease raises questions about how the 

prepartum condition of the cow can affect her whole lactation production. Clinical diseases most 

likely play an important role in decreasing milk production, but it is not known how long this effect 

lasts and, if there is a long-term effect, whether impaired metabolism and feed consumption before 

calving affects overall production.  

1.4 Impact of clinical diseases on reproduction 

The fact that dairy cows shift their nutrient distribution towards the mammary gland to 

support milk production over other physiological needs (Leroy et al., 2008) helps to explain that 

an optimal transition period is essential for good reproductive performance. Diseases require a 

high nutrient investment to fight against the opportunistic infection, so it is possible to affirm that 

health disorders can have a direct effect on reproductive performance by decreasing the amount of 

energy and other nutrients available to have optimal performance. In fact, previous research have 

shown that cows that have an excessive loss of body condition score, or show a low body condition 

score by the time of breeding, have lower fertility (Santos et al., 2009; Hernandez et al., 2012). 

This is evidence that a more severe negative energy balance during the postpartum period directly 

impair reproductive physiology. In fact, cows that experience a clinical disease have lower body 

condition score by the time of breeding (Ribeiro et al., 2016). Moreover, a single postpartum 

disease increases the length of anestrus period in dairy cows, so delaying first breeding, which 

leads to economic losses (Ribeiro et al., 2012). Although synchronization protocols and fertility 
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programs can reduce the time to first breeding, the fertility is still reduced in cows that experience 

a disease during the postpartum period (Ribeiro et al., 2016).  

Mastitis, lameness and metritis are the most studied diseases when directly analyzing the 

effects on reproductive performance, as they are most prevalent. However, as discussed above, 

any clinical postpartum disease may have a detrimental impact on reproductive performance. This 

outcome is also associated with increased risk of the cow being culled, a topic that will be discussed 

later. It has thus been suggested that a uterine disease can affect not only the local tissue, but also 

the follicle development (Williams et al., 2008). The direct effect on the uterus is explained by 

injury to the endometrium, because of the inflammatory process. An initial response is activated 

by local inflammatory mediators, that induce the recruitment of more immune cells to the site of 

the injury or infection. These immune cells should be able to control the infection (Medzhitov, 

2008) without any negative consequences. However, an exacerbated reaction may lead to oxidative 

stress and further injury in the tissue affected (Medzhitov, 2008), increasing the time the tissue 

will take to fully recover and be able to hold a pregnancy. 

To explain the negative effects of non-uterine diseases, such as mastitis, it is necessary to 

discuss the mechanism of follicle development. Initial findings discovered that a mastitis case 

before insemination or between insemination and pregnancy check would delay first breeding and 

increase time to pregnancy in Jersey cows (Barker et al., 1998). Later, other studies found that 

clinical mastitis led to impairment in folliculogenesis and oocyte competence, therefore, reducing 

fertility (Rahman et al., 2012; Roth, 2018). The evidence that the ovaries are affected by non-

uterine diseases could justify lower reproductive performance. However, up to that point, it was 

unclear if the uterine environment would also have a role on reduced fertility after diseases on 
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other tissues. So more recently, Ribeiro et al. (2016) showed that cows that suffered uterine or 

non-uterine disease had reduced fertility and increased pregnancy losses after an embryo was 

transferred. By doing that, it was possible to isolate the negative effects on the ovaries from those 

ones on the uterus, suggesting that the uterine environment is also affected by non-uterine diseases 

and contributes to reduce reproductive performance. The mechanisms involved are still unclear 

(Ribeiro and Carvalho, 2017). 

Until now, studies have focused on reproductive performance close to the disease 

occurrence or, in case of early postpartum diseases, the first breeding postpartum. Some studies 

have looked at the time it took a cow to become pregnant, but such results are directly influenced 

by the result of first breeding. Furthermore, there are no studies investigating whether there is a 

long-term effect, nor how different diseases can have a variety of consequences. In addition, no 

study has investigated a possible long-term effect of postpartum diseases on the next generation’s 

performance. As cited above, there is some level of disturbance to uterine environment that reduces 

fertility, so it may be related to mechanisms that reduce the viability of nutrients to support early 

embryonic development (Ribeiro et al., 2016). Furthermore, a uterine environment that is not ideal 

to provide proper nutrition to the embryo during early stages may have effects even in later life 

health and performance of the offspring that is beginning to develop (Godfrey and Barker, 2001). 

1.5 Fetal programming and possible association with postpartum diseases  

The relationship between offspring postnatal performance and uterine environment during 

the gestation has been studied for some decades. Epidemiological studies in humans and animals 

have described different environment variables that can modulate structure, physiology and 
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metabolism of the offspring while in uterus (McCance and Widdowson, 1974). The most studied 

factors associated with this modulation are related to nutrition nutritional status of the dam (Barker, 

2007). This modulation capability has the objective to create adaptations in the organism and 

increases the chances of survival in different environmental conditions, independently of the 

genotype. These adaptations are not only associated with nutrition, but also observed in 

populations exposed to extreme conditions, such as low oxygen or extremes temperatures (Barker, 

2007). Furthermore, research revealed critical windows of plasticity that these adaptations occur, 

and earlier windows apparently have a higher impact in later life. These modulation windows exist 

since the moment conception occurs and have finite duration, that is during early life (Hochberg, 

2011).  

The idea of the uterine environment influencing and modulating the fetus have supported 

the fetal origins of health and disease hypothesis. Initially, this theory found associations between 

undernourishment of the dam during the pregnancy with physiological adaptations and later life 

diseases in the offspring (Godfrey and Barker, 2001). More recently, researchers have been 

investigating the associations between maternal hormonal and nutritional status during pregnancy 

with offspring metabolism and health disorders, such as coronary heart disease, diabetes, 

hypertension, glucose, protein and lipid metabolism and cancer in humans, mice and ruminants. 

(Lucas et al., 1996; Gluckman et al., 2005, 2008). In addition, a study found evidence that the 

mouse embryo in vivo is directly affected by some level of systemic inflammation in the mother, 

causing adaptations in the innate immune system, which results in different responses in postnatal 

life (Williams et al., 2011). 
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Few studies have investigated the relationships of fetal programming in dairy cattle. Some 

factors contribute to that, such as long gestation and difficulty to manage factors that can interfere 

in the results. Nevertheless, dairy cattle are particularly interesting as a model to study fetal 

programming, because they commonly become pregnant while lactating, a period of high 

nutritional demands. Moreover, heifers normally have their whole gestation and calve when they 

are still growing. In fact, some investigations were done to try to elucidate how production level 

and parity can affect the next generation.   

Finally, epidemiological studies in humans revealed that inflammation in the uterus plays 

an important role on preterm births, which is associated with low birthweight and several metabolic 

and health disorders in later life (Romero et al., 2007). Given the findings in rats and humans, and 

the research done up to this point with dairy cattle, which suggests that postpartum clinical diseases 

have long-term effects on uterine environment and impair conceptus development, it is plausible 

to speculate that those diseases can have an impact on postnatal life of the offspring. 

1.6 Impact of clinical diseases on culling 

Culling is defined as the permanent departure of an animal from a herd because for any 

reason, such as sale, slaughter, salvage and death (Fetrow et al., 2006). Significant evidence 

demonstrates the relationship between postpartum clinical diseases and culling. First, clinical 

diseases are associated with most of the deaths in dairy farms. In addition, studies that analyzed 

the risk factors for culling showed that diseases such as reproductive ones (Gilbert et al., 2005; 

Dubuc et al., 2011a), mastitis (Santos et al., 2004), displaced abomasum (Gröhn et al., 1998; Haine 

et al., 2017) increased risk of culling. More specifically, displaced abomasum was related to high 
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mortality and impaired reproduction, while both reproductive diseases and mastitis delayed 

conception, reduced pregnancy per breeding and reduced the pregnancy rate. The consequence of 

these responses is more open cows during late lactation, which is the period of higher culling risk 

(Stevenson and Lean, 1998). The direct association of lameness with culling is not clear. (Booth 

et al. (2004) found higher culling risk for clinically lame cows, while others did not find 

relationship between lameness or hoof lesions with culling risk (Beaudeau et al., 1995; Hultgren 

et al., 2004). One possible reason for an increase in culling of cows that have lameness would be 

lower milk production (Warnick et al., 2001; Amory et al., 2008) and impaired reproductive 

performance (Hultgren et al., 2004; Ribeiro et al., 2016), or both together. An epidemiologic study 

using hoof trimmers’ records from Ontario farms found no association between infectious hoof 

diseases and culling, but overall lameness or hoof lesion cases had an association with culling 

(Cramer et al., 2009). In addition, the results indicated no association between milk production 

and a higher culling risk. However, it is important to note that this study found a low culling rate 

(19.9%), did not record reproductive information, and used projected 305-day milk production 

from the test day before trimming. Thus, it is not possible to know if the lesion influenced milk 

production and reproduction during the whole lactation and, consequently, if lameness indirectly 

affected culling. 

 National culling data from United States and Canada shows that reproductive 

problems are the reasons for 26.9 and 17.6% of the culling, respectively (NAHMS, 2016; 

Government of Canada, 2018) . These numbers make reproductive failure the most common 

justification for why a cow leaves a herd in both countries. Considering that both uterine and non-
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uterine diseases negatively impact reproductive performance (Ribeiro et al., 2016), it is reasonable 

to believe that there is an indirect effect of postpartum diseases on culling. 

 A recent thorough meta-analysis summarized the dynamics of culling during the 

last 25 years, and concluded that the risk of a cow being culled has remained the same over the 

years, but the risk of culling due to poor production reduced during this period (Compton et al., 

2017). Although this review did not show numbers for culling associated with diseases, the authors 

hypothesize that the decrease in production related culling can be explained by higher disease-

associated culling.  

 Mortality is normally included as one of the reasons for culling. However, it 

deserves special attention because it is normally associated with clinical diseases, unless they are 

caused by accident or natural reasons. Also, the economic impact of mortality is particularly high, 

because the producer does not decide which cows to remove and does not receive any monetary 

compensation for it (Fetrow et al., 2006). Studies from North American and European countries 

agree that the mortality rates have been increasing across time in the United States (NAHMS, 

2007), France (Raboisson et al., 2011), Denmark (Thomsen and Houe, 2006), and Sweden 

(Alvåsen et al., 2012). Compton et al. (2017) summarized a large amount of mortality data and 

found a considerable increase in mortality risk from 2 to 4% when comparing 1990 to 2000. It is 

unknown whether this increase is directly related to higher disease occurrence, although it could 

be a plausible explanation. Although there is clear evidence of increased mortality, there is a lack 

of standards to categorize and differentiate an animal whose death was directly caused by a disease 

from an animal that was euthanized as a result of different factors, such as accidents. 
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1.7 Objectives and hypotheses 

It was hypothesized that clinical disease that occur in the early postpartum has long-term 

consequences for production, reproduction and culling of dairy cows. It was also hypothesized 

health and performance of dairy heifers would be influenced whether they were daughters of 

lactating cows or heifers. In addition, it was hypothesized that the health status of the dam before 

or during conception would also influence the postnatal health and performance of dairy heifers. 

The objectives of this thesis were: 1) to investigate the potential long-term effects of clinical 

diseases in the early postpartum on reproduction, production and culling of dairy cows, and 2) to 

investigate the long-term impact of maternal health and metabolic factors on health, performance 

and herd survival of dairy heifers. 

Research performed to address objective 1 is described in Chapter 2, and research 

performed to address objective 2 is described in Chapter 3. Chapter 4 finalizes this thesis with a 

general discussion of the main findings of the research chapters and their implications. 
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2 LONG-TERM IMPACT OF CLINICAL DISEASES POSTPARTUM ON MILK 

PRODUCTION, REPRODUCTION, AND CULLING OF DAIRY COWS 

2.1 Abstract 

The objective of this study was to evaluate the long-term impact of clinical diseases in the 

early postpartum period on milk production, reproduction, and culling of dairy cows up to 305 

DIM. In a first study, comprehensive data regarding health, milk production, reproduction, and 

culling of 5,085 cows were summarized. Of all cows, 1,534 cows had at least one clinical problem 

(i.e. metritis, mastitis, lameness, digestive, or respiratory problem) in the first 21 DIM (ClinD21), 

which represented 65.7% of all cows presenting a clinical problem up to 305 DIM. The impact of 

ClinD21 on dependent variables was then assessed. In 305-d of lactation, cows that had ClinD21 

produced, on average, 410 kg less milk, 17 kg less fat, and 12 kg less protein compared with cows 

that did not have ClinD21. The reduction in lactation performance was also associated with 

frequency of ClinD21. For instance, 305-d yield of milk was 357 and 703 kg lesser in cows with 

a single and multiple ClinD21, respectively, when compared with cows that did not have ClinD21. 

In addition, cows that had ClinD21 had a lower and delayed peak in production when compared 

with cows that did not have ClinD21. Although the interval to first breeding was not different 

between cows that had or did not have ClinD21, pregnancy rate up to 305 DIM was reduced in 

cows that had ClinD21 (adjusted hazard ratio [AHR] = 0.81), which resulted in extended interval 

from calving to pregnancy (NoClinD21 = 133.5 vs. ClinD21 = 147.1 d) and reduced proportion of 

cows diagnosed pregnant within 305 DIM (NoClinD21 = 88.4 vs. ClinD21 = 81.4%). When 

individual breeding were analyzed, cows that had ClinD21 presented reduced pregnancy per AI 
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for breeding performed before 150 DIM, reduced calving per AI for breeding performed before 

200 DIM, and greater pregnancy losses for all breeding up to 305 DIM. The rate of culling from 

calving up to 305 DIM was greater in cows that had a single ClinD21 (AHR = 1.79) and in cows 

that had multiple ClinD21 (AHR = 3.06), which resulted in a greater proportion of cows leaving 

the herd by 305 DIM (NoClinD21 = 22.6 vs. single ClinD21 = 35.7 %; multiple ClinD21 = 53.8%). 

In a second study, data regarding health postpartum and 305-d yields of milk, fat and protein were 

collected from 2,415 primiparous cows that had genomic information from a low density panel of 

single nucleotide polymorphisms. Genomic estimated breeding values (EBV) values for milk, fat, 

and protein were used to predict 305-d yields of milk, fat, and protein. Genomic EBV values and 

predicted 305-d yields of milk, fat, and protein were similar between cows that had ClinD21 and 

those that did not have ClinD21. However, the observed 305-d yields of milk, fat, and protein were 

reduced by 345, 10 and 10 kg, respectively, in cows that had ClinD21 compared with cows that 

did not have ClinD21. Moreover, the absolute differences between predicted and observed 305-d 

yields were larger in cows that had ClinD21 compared with cows that did not have ClinD21. In 

conclusion, clinical diseases that occur in the first 21 DIM have long-term impact on lactation 

performance, reproduction, and culling of dairy cows, which contribute to the detrimental 

consequences of health problems on sustainability of dairy herds. 

2.2 Introduction 

The susceptibility of dairy cows to health disorders is amplified in the early postpartum 

period. The nutritional deficit and resulting metabolic scenario postpartum impair function of 

immune cells and increase the vulnerability to opportunistic microbial infections (Sordillo, 2016). 
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In addition, the enlarged uterus postpartum, filled with placenta remnants and lochia, favors 

proliferation of microbes and development of uterine infections (Sheldon et al., 2009). Recently, 

Ribeiro and Carvalho (2017) compiled information from multiple studies and reported that one-

third of dairy cows have at least one clinical disease (i.e. metritis, mastitis, digestive problem, 

respiratory problem, and lameness) in the first 3 wk of lactation.  

Clinical diseases have negative consequences for the economics of dairy farms (Galligan, 

2006) and the welfare of dairy cows (Sumner et al., 2018). Costs associated with diagnosis, 

treatment, labor, infrastructure and logistics needed to work with diseased cows are part of the 

direct costs associated with clinical diseases in a dairy farm. In addition, most cows with clinical 

health problems present a reduction in milk production and, in some cases, the harvested milk has 

to be discarded because of treatment residues. Nonetheless, besides the immediate economic losses 

listed above, clinical diseases seem to have long-term effects in the biology of dairy cows that 

compromise performance even after clinical recovery from health problems, which could 

contribute significantly to the overall costs of clinical diseases (Ribeiro et al., 2016). For instance, 

cows diagnosed with at least one clinical disease postpartum have reduced fertility at the first 

breeding postpartum, which occurs approximately 8-10 wk after clinical resolution of the health 

problem (Santos et al., 2010; Ribeiro et al., 2013; 2016; Ribeiro and Carvalho, 2017).  

It remains unclear, however, how long the consequences of clinical diseases last after 

clinical resolution and whether the long-term consequences are limited to reproduction or may also 

be observed in other biological systems. Knowing the complete consequences of clinical diseases 

is critical to measure their impact on profitability and sustainability of dairy farms, and should 



 

 

20 

 

influence the perception of the problem by stakeholders of the dairy industry. The objective of this 

study was to evaluate the impact of clinical diseases diagnosed in the early postpartum period on 

milk production, reproduction, and culling of dairy cows up to 305 DIM. We hypothesized that 

clinical diseases in the early postpartum have long-lasting detrimental consequences on lactation 

and reproductive performances and, consequently, increase the rate of culling of lactating cows. 

In addition, we hypothesized that the genetic merit for milk production in cows that had or did not 

have disease postpartum would be similar, and the observed differences in lactation performance 

between the two groups may be attributed to long-term consequences of diseases and not to genetic 

differences. 

2.3 Matherials and Methods 

2.3.1 Study 1 

2.3.1.1 Animals, housing, and general management 

This study involved a retrospective analysis of data of all cows that calved in a large dairy 

operation located in Florida in the year of 2012. At the time, the dairy farm was milking 

approximately 4,500 Holstein cows and the rolling herd average production was approximately 

11,000 kg. Primiparous and multiparous cows were housed separately in free-stall barns equipped 

with tunnel ventilation and had stalls with sand bedding. Feed was delivered twice a day as a TMR, 

formulated to meet the nutrient requirements of lactating cows producing 45 kg of milk per day 

according to the NRC (2001). Cows were milked 3 x/d and yields of milk were recorded at each 

milking (SmartDairy meter, Boumatic, Madison, WI). Official milk tests of the Dairy Herd 
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Improvement Association (DHIA) were performed monthly. Cows were managed according to 

standard operating proceedings, and all management procedures were performed by trained 

personnel and supervised by the herd veterinarians and the University of Florida Food Animal 

Reproduction & Medicine Service.  

2.3.1.2 Study Design 

Detailed information regarding health, production, reproduction, and culling from the day 

of calving up to 305 DIM were collected from 5,085 Holstein cows (1,814 primiparous and 3,271 

multiparous). All events and their date of occurrence were retrieved from the management 

computer software of the dairy (PCDART, DRMS, Raleigh, NC). Cows were classified according 

to incidence of clinical diseases in the first 21 DIM as: 1) cows without clinical diseases 

(NoClinD21) and; 2) cows with at least one clinical disease (ClinD21). In addition, cows with 

ClinD21 were further classified according to the number of ClinD21 as single or multiple ClinD21. 

The impact of the incidence and the number of ClinD21 on incidence of clinical diseases after 21 

DIM, yield and composition of milk, reproduction, and culling up to 305 DIM were then evaluated. 

For all outcomes, the impact of uterine disease (UTD) and non-uterine disease (NUTD), 

individually or combined, were also evaluated. Clinical diseases considered were: retained 

placenta, metritis, clinical mastitis, lameness, digestive, and respiratory problems. Retained 

placenta and metritis, alone or combined, were always counted as one UTD. 
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2.3.1.3 Characterization of clinical diseases 

Retained placenta was defined as visible fetal membranes at the vulva 24 h after calving. 

Metritis was characterized by abnormal vaginal discharge obtained within the first 21 DIM. 

Incidence of clinical mastitis was evaluated before every milking and characterized by the presence 

of abnormal milk or by local signs of inflammation in one or more quarters. Cows that stood and 

walked with arched back and had short strides in one or more legs were classified as clinically 

lame. Digestive problems were characterized by diarrhea, bloat, or displacement of abomasum. 

Respiratory problems were characterized by increased respiratory frequency associated with fever 

and presence of increased lung sounds at auscultation. 

2.3.1.4 Milk production and composition 

Daily milk yields were summarized weekly and evaluated up to wk 14 of lactation. The 

week with the highest average production was considered the week of peak production. Average 

weekly production at peak and interval to peak production in weeks were also summarized for 

each cow with at least 14 wk of milk production data. In addition, 305-d yields of milk, fat, and 

protein were collected. Cows that left the herd before 100 DIM did not contribute to the 305-d 

yield data, and those that left the herd from 100 to 304 DIM contributed with their projected values. 

The projections were done using DHIA tool, which model includes the test days DIM and 

production, parity, calving season and region of the farm. Finally, information regarding yields of 

milk, fat, and protein, and fat and protein percentages collected in the first three official DHIA 

milk tests was also evaluated. 
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2.3.1.5 Reproductive Management 

The voluntary waiting period (VWP) of the herd was 55 DIM. Estrus detection and 

synchronization of the estrous cycle were used concomitantly for breeding of eligible cows by 

artificial insemination (AI) or embryo transfer (ET). After the end of the VWP, cows were 

evaluated daily for signs of estrus and those observed in estrus were inseminated on the same day 

or received an embryo 6 to 9 days later. Cows not observed in estrus were bred after a Presynch-

Ovsynch program. After the first breeding postpartum, cows that returned to estrus were 

considered nonpregnant and were rebred on the same day. Pregnancy diagnosis of cows that did 

not return to estrus was performed by rectal palpation 45 days after breeding. Cows diagnosed 

pregnant were rechecked 45 days later and those reconfirmed pregnant were followed until 

termination of pregnancy. Cows diagnosed nonpregnant at pregnancy diagnoses were enrolled in 

an Ovsynch program for rebreeding. Date and outcome of all breeding performed up to 305 DIM 

were recorded. Cows that were culled before the end of the VWP and those designated to be non-

eligible for breeding due to management decisions (‘do no breed’ cows) did not contribute for 

reproductive performance data. Nonetheless, the proportion of cows designated to be non-eligible 

for breeding was also evaluated.   

Reproductive outcomes included the interval to first breeding postpartum, interval to first 

pregnancy based on pregnancy diagnosis on d 45 after breeding, and interval to first pregnancy 

that resulted in a new calving. In addition, pregnancy per breeding, calving per breeding, and late 

pregnancy losses (after gestational d 45) were also evaluated for all breeding according to DIM at 

breeding categorized in windows as following: 56-100, 101-150, 151-200, or 201-305. 
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2.3.1.6 Culling 

The date and reason of culling were recorded for all cows that left the herd within 305 

DIM. Culling included all cows that died and those that were sold for beef or dairy purposes. 

Interval to culling and proportion of cows culled within 305 DIM were evaluated. Information 

regarding culling after 305 DIM was not collected. 

2.3.1.7 Statistical Analyses 

Statistical analyses were performed in SAS version 9.3 (SAS/STAT, SAS Institute Inc., 

Cary, NC). Continuous variables were analyzed by ANOVA and binary variables were analyzed 

by logistic regression using the GLIMMIX procedure. The interval to an event was analyzed by 

the Cox’s proportional hazard model using the PHREG procedure of SAS. The median and mean 

days to pregnancy were obtained from the LIFETEST procedure. Survival plots were generated 

with MedCalc version 12.7.2 (MedCalc Software, Mariakerke, Belgium). 

The statistical models included the effects of ClinD21, parity, calving season categorized 

in trimesters within the year, and their interactions. Orthogonal contrasts of the independent 

variable ClinD21 were performed to evaluate the effects of incidence of ClinD21 (NoClinD21 vs. 

single ClinD21 + multiple ClinD21) and number of ClinD21 (single ClinD21 vs. multiple 

ClinD21). To evaluate the effects of UTD and NUTD, alone or combined, a second statistical 

model was analyzed, in which ClinD21 was categorized as NoClinD21, UTD only, NUTD only, 

or both UTD and NUTD. Additive effects of UTD and NUTD were evaluated by the contrast of 

interest that compared UTD only + NUTD only vs. both UTD and NUTD. 
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Weekly average yields of milk in the first 14 wk postpartum, and milk yield and 

composition in the first three DHIA milk tests were analyzed as repeated measures. In these 

analyses, week postpartum or test number, and their interaction with ClinD21, parity, and season 

of calving were included in the statistical model. Moreover, cow nested within ClinD21 group was 

included as a random effect. For analyses of pregnancy per breeding, calving per breeding, and 

pregnancy losses, breeding was considered the experimental unit and the statistical models also 

included the effects of breeding type (AI or ET), breeding number, categorized DIM at breeding, 

and the interaction between categorized DIM at breeding and ClinD21. Statistical differences were 

characterized by P ≤ 0.05. 

2.3.2 Study 2 

Study 2 was a retrospective analysis of data collected from 2,415 primiparous Holstein 

cows with genomic information that calved between September 2014 and May 2017 in the same 

herd described in Study 1. The objective of this study was to associate lactation performance with 

ClinD21, but controlling for the genetic potential of cows to produce milk, fat, and protein. General 

management of cows, study design, and collection of 305-d yields of milk, milk fat, and milk 

protein were identical to Study 1. In addition, genomic estimated breeding values (EBV) for yields 

of milk, fat, and protein were calculated as two times the genomic predicted transmitting ability 

(PTA) and used to calculate the predicted 305-d yields of milk, fat and protein. The genomic PTA 

of each cow was calculated based on genomic evaluation of single nucleotide polymorphisms 

using a low-density panel (Clarifide, Zoetis Genetics, Kalamazoo, MI). The predicted yields of 

milk, fat, and protein were calculated by the sum of the GEBV and the average of the observed 
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values for each variable. Genomic EBV, predicted 305-d yields, observed 305-d yields, and the 

difference between predicted and observed 305-d yields were analyzed by ANOVA using the 

GLIMMIX procedure of SAS. Statistical models for genomic EBV and predicted 305-d yields 

included the effects of ClinD21 only. Statistical models for observed 305-d yields and for the 

differences between observed and predicted 305-d yields included the effects of ClinD21, calving 

season categorized in trimesters within a year, year of calving, and age at calving (in days: <688, 

688-730, >730). Statistical differences were characterized by P ≤ 0.05. 

2.4 Results 

2.4.1 Study 1 

2.4.1.1 Incidence of diseases 

From calving up to 305 DIM, 2,335 cows (45.9%) had at least one clinical disease (Figure 

2.1). The mean (± SD) and median time to the first clinical disease postpartum were 48.2 (± 66.1) 

and 15 d, respectively. The overall incidences of UTD and NUTD were 21.6 and 31.7%, 

respectively. Of the NUTD, the incidence of individual diseases was mastitis 15.3%, lameness 

10.5%, digestive problem 9.3%, and respiratory problem 2.0%. The total number of clinical cases 

diagnosed up to 305 DIM was 3,277.  

In the first 21 DIM, 1,534 cows (30.2%) had at least one clinical disease (Figure 2.1). These 

cows represented 65.7% of all cows diagnosed with at least one clinical disease up to 305 DIM. 

The incidences of UTD and NUTD in the first 21 DIM were 21.6 and 12.4%, respectively. Of the 

NUTD, the incidence of individual diseases was mastitis 5.7%, lameness 1.5%, digestive problem 
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5.5%, and respiratory problem 0.6%. The total number of clinical cases in the first 21 DIM was 

1,771, which represent 55.1% of all clinical cases diagnosed up to 305 DIM. Of all cows, 1,309 

(25.7%) had a single ClinD21 and 225 (4.4%) had multiple ClinD21. In addition, 906 (17.8%) had 

only UTD, 438 (8.6%) had only NUTD, and 190 (3.7%) had both UTD and NUTD.  

Clinical disease in the first 21 DIM was not associated with the proportion of cows with 

disease after 21 DIM (NoClinD21 = 23.0 vs. ClinD21 = 24.5; P = 0.18), although the rate of 

incidence was increased in cows with ClinD21 compared with those without ClinD21 (AHR = 

1.20; C.I. 1.07-1.37; P < 0.01). 

2.4.1.2 Milk yield and components 

Clinical diseases in the first 21 DIM decreased the 305-d yields of milk (10,043 vs. 10,453 

kg; P < 0.01), fat (361 vs. 378 kg; P < 0.01) and protein (291 vs. 303 kg; P < 0.01). Yields of milk 

and fat were also associated (P < 0.01) with the number of ClinD21 (Table 1). Uterine disease 

alone and NUTD alone caused similar reductions (P < 0.01) on yields of milk, fat and protein, and 

had additive negative effects (P < 0.05) on yields of milk and protein. The adjusted means of 305-

d yields were 10,453, 10,100, 10,094, and 9,727 kg of milk; 378.5, 363.9, 359.7, and 350.6 kg of 

fat; and 302.7, 293.2, 291.4, 281.9 kg of protein for NoClinD21, UTD only, NUTD only, and both 

UTD and NUTD, respectively. 

The first three official milk tests were performed at similar intervals postpartum for cows 

with or without ClinD21, averaging 30, 60, and 90 DIM respectively (Table 2.1). Yields of milk, 

fat and protein, and percentage of protein in the first three official milk tests were associated (P < 
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0.05) with incidence and number of ClinD21 (Table 2.1). Percentage of fat, however, was not 

associated with incidence or number of ClinD21 (Table 2.1). In addition, UTD alone and NUTD 

alone had similar negative impact (P < 0.01) and additive effects (P < 0.05) on yields of milk, 

protein and fat in the first three official tests. Milk protein percentage was increased similarly by 

UTD alone and NUTD alone, but an additive effect of the two types of diseases was not observed. 

Milk fat percentage was not associated with UTD and NUTD, alone or combined.   

Daily milk yield in the first 14 wk postpartum summarized weekly were associated with 

incidence (NoClinD21 = 38.4 vs. ClinD21 = 35.4 kg; P <0.01) and number (None = 38.4 vs. Single 

= 35.8 vs. Multiple = 33.4 kg; P < 0.01) of ClinD21 (Figure 2.2A). An interaction between ClinD21 

and time was also observed (P < 0.01) because the estimated differences increased from wk 1 to 2 

and then decreased from wk 2 to 14. Within a week, the estimated differences between NoClinD21 

and ClinD21 were 2.9, 5.8, 5.3, 4.9, 4.2, 3.6, 3.0, 2.5, 2.1, 1.8, 1.6, 1.3, 1.3, and 1.1 kg from wk 1 

to 14, respectively. In addition to overall milk production, milk yield at peak production (Figure 

2.2B) and the interval from parturition to peak milk production (Figure 2.2C) were also associated 

(P < 0.01) with incidence and number of ClinD21. Cows with ClinD21 had reduced milk yield at 

peak production (NoClinD21 = 43.2 vs. ClinD21 = 41.3 kg; P < 0.01) and extended interval from 

parturition to peak production (NoClinD21 = 7.4 vs. ClinD21 = 8.6 weeks; P < 0.01). 

The effect of ClinD21 on milk production in the first 14 wk postpartum also interacted with parity 

(P < 0.01) because in general the estimated differences between experimental groups were larger 

in multiparous than in primiparous cows (Figure 2.3A). Similarly, an interaction (P < 0.01) 

between ClinD21 and parity were also observed for peak milk yield (Figure 2.3B) and interval 
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from parturition to peak milk production (Figure 2.3C), as the estimated differences were larger in 

multiparous cows (2.6 kg and 1.4 wk, respectively) than in primiparous cows (1.3 kg and 0.9 wk, 

respectively). 

2.4.1.3 Reproductive outcomes 

Of all cows enrolled in the study, 752 cows were not enrolled in the breeding program 

either because of culling before the end of voluntary waiting period (n = 264) or because of 

management decision (n = 488). The proportion of cows not enrolled in the breeding program was 

associated with incidence and number of ClinD21 (Table 2.2), and it was greater for cows 

diagnosed with ClinD21 (NoClinD21 = 11.4 vs. ClinD21 = 22.8%; P < 0.01). There was also an 

interaction (P < 0.01) between ClinD21 and parity, as the estimated differences between groups 

were larger in multiparous (NoClinD21 = 14.7 vs. ClinD21 = 30.6%; P < 0.01) than in primiparous 

(NoClinD21 = 5.4 vs. ClinD21 = 8.6%; P < 0.01).  

Within cows that survived by the end of voluntary waiting period and were eligible to be 

bred (n = 4,333), 98.3% were bred at least once. On average, the 1.7% of cows that were not bred 

stayed in the herd for only 18 d after the end of voluntary waiting period. The proportion of cows 

bred was associated with ClinD21 (Table 2.2), and it was smaller for cows diagnosed with ClinD21 

(NoClinD21 = 98.6 vs. ClinD21 = 97.2%; P < 0.01). For cows that were bred, however, the interval 

from parturition to first breeding postpartum was not associated with ClinD21 and averaged 81 d 

(Table 2.2; Figure 2.4A).  Similarly, UTD and NUTD were not associated with time to first 

breeding, neither alone nor combined.  
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Of all eligible cows (n = 4,333), 3,747 cows (86.5%) were diagnosed pregnant 45 days 

after a breeding, and this proportion was associated (P < 0.01) with incidence and number of 

ClinD21 (Table 2.2). The proportion of cows diagnosed pregnant was reduced in cows with 

ClinD21 (NoClinD21 = 88.4 vs. ClinD21 = 81.4%; P < 0.01). Pregnancy rate and the interval from 

calving to pregnancy was also associated (P < 0.01) with ClinD21 (Table 2.2; Figure 2.4B). The 

adjusted hazard ratio for pregnancy was reduced in cows diagnosed with ClinD21 (NoClinD21 = 

1.0 vs. ClinD21 = 0.81 [0.76-0.88]; P < 0.01). When data were analyzed according to the type of 

disease, UTD alone, but not NUTD alone, had a negative impact on the proportion of cows 

diagnosed pregnant, and a negative additive effect of the two types of disease was also observed 

(NoClinD21 = 88.4 vs. UTD only = 80.8 vs. NUTD only = 86.1 vs. both UTD and NUTD = 73.4%; 

P < 0.01). Similarly, pregnancy rate was associated with UTD alone (AHR = 0.78 [0.71-0.85]; P 

< 0.01) but not by NUTD alone (AHR = 0.96 [0.84-1.09]; P = 0.54), and the two diseases combined 

had the worst pregnancy rate (AHR = 0.74 [0.60-0.91]; P < 0.01) compared with the reference 

group NoClinD21.  

Of all eligible cows (n = 4,333), 2,981 cows (68.8%) had a new calving and this proportion 

was influenced (P < 0.01) by incidence and number of ClinD21 (Table 2.2; Figure 2.4C). The 

proportion of cows that calved again was reduced in cows with ClinD21 (NoClinD21 = 72.8 vs. 

ClinD21 = 58.1%; P < 0.01). The rate of pregnancy that resulted in a new calving was also affected 

(P < 0.01) by incidence and number of ClinD21 (Table 2.2). The adjusted hazard ratio for 

successful pregnancy (those that resulted in a new calving) was reduced in cows diagnosed with 

ClinD21 (NoClinD21 = 1.0 vs. ClinD21 = 0.69 [0.63-0.75]; P < 0.01). When data were analyzed 
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according to the type of disease, both UTD alone and NUTD alone had a negative impact on the 

proportion of cows that calved again, and a negative additive effect of the two types of diseases 

was observed (NoClinD21 = 72.8 vs. UTD only = 56.6 vs. NUTD only = 66.3 vs. both UTD and 

NUTD = 47.6%; P < 0.01). The rate of pregnancy that resulted in a new calving was decreased by 

UTD alone (AHR = 0.64 [0.58-0.71]; P < 0.01) and by UTD and NUTD combined (AHR = 0.55 

[0.42-0.71]; P < 0.01), but not by NUTD alone (AHR = 0.88 [0.76-1.01]; P = 0.08). 

Pregnancy per breeding, for all breeding performed up to 305 DIM, was not associated 

with ClinD21 (NoClinD21 = 30.7 vs. ClinD21 = 27.0%, P = 0.08; Figure 5A). Nonetheless, within 

categorized windows postpartum, pregnancy per breeding was reduced (P < 0.05) in cows 

diagnosed with ClinD21 in windows 1 (56-100 DIM) and 2 (101-150 DIM), but not in windows 3 

(151-200 DIM) and 4 (> 200 DIM) (Figure 2.5A). Number of disease was not associated with 

pregnancy per breeding, as it was similar for cows with single or multiple diseases (Single = 27.1 

vs. Multiple = 26.9%; P = 0.60). When data were analyzed according to the type of disease, UTD 

and NUTD were not associated with pregnancy per breeding, neither alone nor combined. 

Calving per breeding for all breeding performed up to 305 DIM was reduced (P < 0.01) in 

cows with ClinD21 (NoClinD21 = 24.6 vs. ClinD21 = 18.5%; Figure 2.5B). Within categorized 

windows postpartum, pregnancy per breeding was reduced (P < 0.05) in cows diagnosed with 

ClinD21 in windows 1 (56-100 DIM), 2 (101-150 DIM) and 3 (151-200 DIM), but not in window 

4 (> 200 DIM) (Figure 2.5B). Number of disease was not associated with pregnancy per breeding 

as it was similar for cows with single or multiple diseases (Single = 18.8 vs. Multiple = 16.0%; P 

= 0.54). When data were analyzed according to the type of disease, UTD alone or combined with 
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NUTD, but not NUTD alone, reduced calving per breeding (NoClinD21 = 24.6 vs. UTD only = 

17.4 vs. NUTD only = 22.2 vs. both UTD and NUTD = 17.1%; P < 0.01). 

Pregnancy loss after gestational d 45 for all breeding performed up to 305 DIM was 

increased (P < 0.01) in cows with ClinD21 (NoClinD21 = 13.9 vs. ClinD21 = 23.6%), and this 

response was consistent across all categorized windows postpartum (Figure 2.5C). Number of 

disease was not associated with pregnancy losses, as it was similar for cows with single or multiple 

diseases (Single = 22.4 vs. Multiple = 32.4%; P = 0.75). When data were analyzed according to 

type of disease, UTD alone and NUTD alone affected (P < 0.05) pregnancy losses (NoClinD21 = 

13.9 vs. UTD only = 24.7 vs. NUTD only = 16.7 vs. both UTD and NUTD = 34.4%; P < 0.01). 

2.4.1.4 Culling 

Of all cows enrolled, 1,391 (27.4%) left the herd before completing 305 DIM. Both the 

proportion of cows culled, as well as the rate of culling, were influenced by incidence and number 

of ClinD21 (Table 2.3; Figure 2.6A). A greater proportion of cows with ClinD21 left the herd 

compared with those without ClinD21 (NoClinD21 = 22.6 vs. ClinD21 = 38.3%; P < 0.01) and 

the rate of culling was also increased (AHR = 1.95 [1.76-2.17]; P < 0.01). Both UTD alone and 

NUTD alone increased culling and the two combined had an additive effect (NoClinD21 = 22.6 

vs. UTD only = 31.8 vs. NUTD only = 45.2 vs. both UTD and NUTD = 53.7%; P < 0.01). The 

rate of culling was affected by both UTD alone (AHR = 1.53 [1.34-1.75]; P < 0.01) and NUTD 

alone (AHR = 2.49 [2.13-2.91]; P < 0.01), and the two types of disease had additive effect (AHR 

= 3.03 [2.46-3.72]; P < 0.01). When cows that left the herd within 21 DIM were excluded from 
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the analyses, all the reported associations of incidence, number, and type of ClinD21 with 

proportion of cows culled and with the rate of culling were still present (Table 2.3).    

Of all cows that were culled, 267 (5.3%) died and 1,124 (22.1%) were sold either for beef 

(n = 1,008) or dairy (n = 116) purposes. The proportion of cows sold, and the rate of sale, were 

both increased by incidence and number of ClinD21 (Table 2.3). Both UTD alone and NUTD 

alone increased the proportion of cows sold (NoClinD21 = 19.1 vs. UTD only = 25.6 vs. NUTD 

only = 32.9 vs. both UTD and NUTD = 36.8%; P < 0.01). Similarly, the rate of sale was increased 

by both UTD alone (AHR = 1.45 [1.25-1.68]; P < 0.01) and NUTD alone (AHR = 2.23 [1.87-

2.68]; P < 0.01), and the two type of disease combined had additive effect (AHR = 2.58 [2.01-

3.30]; P < 0.01). When cows that were sold left the herd within 21 DIM were excluded from the 

analyses, all the reported associations of incidence, number, and type of disease with the proportion 

of cows sold and on the rate of sale were still present (Table 2.3). 

Incidence and number of ClinD21 were also associated with the rate of mortality during 

the 305-d period (Table 2.3), and it was greater for cows with ClinD21 (AHR = 2.91 [2.29-3.71]; 

P < 0.01). The proportion of cows that died, however, was associated with incidence (NoClinD21 

= 3.5 vs. ClinD21 = 9.3%; P < 0.01), but not with the number (single = 8.1 vs. multiple = 16.0%) 

of ClinD21 (Table 3). Both UTD alone and NUTD alone increased the proportion of cows that 

died (NoClinD21 = 3.5 vs. UTD only = 6.2 vs. NUTD only = 12.3 vs. both UTD and NUTD = 

16.8%; P < 0.01). Similarly, the rate of mortality was increased by both UTD alone (AHR = 2.00 

[1.46-2.75]; P < 0.01) and NUTD alone (AHR = 3.69 [2.68-5.08]; P < 0.01), and the two type of 

disease combined had additive effect (AHR = 5.05 [3.42-7.46]; P < 0.01).  
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When cows that left the herd within 21 DIM were excluded from the analyses, the 

proportion of cows that died was not affected by incidence, number, and type of disease (Table 

2.3). The rate of mortality, however, was still associated with incidence of ClinD21 and it was 

greater for cows with ClinD21 (AHR = 1.75 [1.26-2.44]; P < 0.01). Moreover, the rate of mortality 

was increased by NUTD alone (AHR = 2.43 [1.55-3.81]; P < 0.01) and by NUTD and UTD 

combined (AHR = 2.64 [1.41-4.95]; P < 0.01), but not by UTD alone (AHR = 1.22 [0.77-1.92]; P 

= 0.39). 

2.4.2 Study 2 

The incidence of ClinD21 in Study 2 was 23.3% (563 out of 2415). There were no 

differences in genomic EBV and predicted 305-d yields of milk, fat, and protein between cows 

with or without ClinD21 (Table 2.4). However, the observed 305-d yields of milk, fat, and protein 

were reduced (P < 0.01) for cows with ClinD21 compared with cows without ClinD21 (Table 2.4). 

Moreover, the differences between observed and predicted 305-d yields for milk, fat, and protein 

were greater (P < 0.01) for cows with ClinD21 compared with cows without ClinD21 (Table 2.4). 

2.5 Discussion 

The current study evaluated the long-term consequences of clinical diseases that occur in 

the early postpartum period on milk production, reproduction and culling of dairy cows. For 

formation of experimental groups, we limited the period of diagnosis of diseases to the first 21 

DIM to standardize the end of clinical illness and to be able to evaluate the consequences of disease 

after its clinical resolution. Moreover, the period within 21 DIM is when dairy cows have the 
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highest susceptibility to clinical diseases and is usually referred as part of the transition period (3 

wk prior to 3 wk after calving) (LeBlanc, 2010; Sordillo, 2016). Accordingly, 30% of cows in the 

current study had at least one clinical disease within 21 DIM, and they represented 66% of all cows 

diagnosed with at least one clinical disease up to 305 DIM, and 55% of all clinical cases diagnosed 

up to 305 DIM. These proportions are similar to those previously reported by others (Santos et al., 

2010; Dubuc et al., 2011a; Hostens et al., 2012; Ribeiro and Carvalho, 2017) and reemphasize the 

relevance of postpartum health problems in dairy farms. Although the herd used in the study may 

not represent an average herd in North America, the diseases incidences and distributions 

similarities with other epidemiological studies allow us to infer that diagnose and recording was 

well done in this specific farm.  

Instead of looking at the consequences of individual types of disease, we decided to look 

at clinical diseases postpartum in a holistic way to better quantify the overall impact of health 

postpartum on long-term productivity and survival of dairy cows. The current study clearly 

demonstrates that consequences of clinical diseases postpartum are not limited to the period of 

clinical illness, but are extended to periods after the clinical resolution of the disease. In general, 

the long-term consequences of diseases are more difficult to measure and are often overlooked by 

dairy managers. Nonetheless, they account for the majority of the associated costs. For instance, 

up to 305 DIM, milk yield was reduced by approximately 4%, pregnancy rate was reduced by 

19%, and culling rate was increased by 95% in cows diagnosed with at least a single clinical 

disease postpartum. Of those differences, the first 21 DIM accounted for only 24% of the total 

differences in 305-d milk production, 0% of the total differences in reproduction, and 36% of the 
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total differences in culling. In agreement with our findings, Rollin et al. (2015) reported that long-

term losses of milk production, reproduction, and culling accounted for 71.1% of all costs 

associated with clinical mastitis that occur in the first 30 DIM.  

Measuring the impact of disease on future milk production is challenging and the results 

are often conflicting (Fourichon et al., 1999). For most cases, a reduction in daily milk yield is 

observed when cows are clinically ill, and a gradual increase in milk yield is observed with clinical 

resolution of the disease (Fourichon et al., 1999). However, it is unknown whether the milk 

production after clinical resolution returns to pre-disease levels because one could not tell how 

milk production would have progressed in the same individual without the development of a 

clinical disease. Moreover, establishment of a healthy control group is also difficult because of the 

variation in the time of onset and the duration of the clinical problem. We intended to overcome 

these challenges by enrolling a large number of cows in the study and using the genomic prediction 

of milk production. Our data suggest that diseases in the early lactation influence milk production 

during the entire 305-d period, and the reduced lactation performance is not associated with 

differences in the genetic potential to produce milk. In fact, genomic predictions of 305-d yields 

are more accurate in cows that did not have clinical disease postpartum because diseases cause 

detrimental deviations from the genomic potential of the cow. Moreover, recent studies evaluating 

data from a large number of cows seem to be consistent on reporting long-term consequences of 

uterine disease (Dubuc et al., 2011a), mastitis (Rollin et al., 2015), and metabolic problems 

(Hostens et al., 2012) on lactation performance of dairy cows. One limitation of this study is the 

undifferentiation of clinical diseases, because it is known that the origin of the disease, severity, 



 

 

37 

 

and duration may affect differently milk production and reproduction. For example, Dubuc et al. 

(2011a) showed that different types of uterine diseases (RFM and metritis) can have different 

outcomes on milk production. However, in our study, both were grouped because we had an 

holistic approach. Also, both uterine diseases were frequently confounded and treated in a similar 

way, leading us to include in one single group.  

Our milk production data could be split into 3 periods: 1) the first 3 wk, which represent 

the period of clinical diseases diagnose for formation of experimental groups; 2) wk 4 to wk 14, 

which covers the period when most cows reach peak of production; and 3) wk 15 to 44, which 

represents the period after peak of production. These periods accounted for 24, 47, and 29%, 

respectively, of the total differences in 305-d milk production between cows that had or did not 

have clinical diseases within 21 DIM. Based on weekly averages of daily milk yield, it is clear that 

differences in milk production between these two groups reduced over time, which is likely a result 

of two factors: 1) a true reduction of the impact of clinical diseases postpartum on milk production, 

and 2) a confounding effect of culling of low-producing cows. Cows that had clinical diseases 

postpartum were more likely to be culled within 305 DIM and, therefore, do not contribute fully 

to milk production data. Moreover, milk production is an important determinant on culling 

decisions and, most likely, cows with the greatest impact of clinical diseases and, consequently, 

the lowest milk production were culled. Thus, the consequence of different culling rates between 

groups is some bias. The long-term effects of clinical diseases on milk production are actually 

underestimated, especially considering that cows with clinical disease were culled earlier than 

cows without disease. Considering that these were the ones with most severe cases, they would 
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likely reduce even further the production during the first 14 weeks and also during the 305 d span 

if their data was included in the analysis.  

The mechanism by which clinical diseases early postpartum affect lactation performance 

is uncertain and might differ according to the type of disease. Clinical mastitis, for instance, cause 

damage in the epithelium of the mammary gland and increases the rate of cell death (Capuco et 

al., 2003), which might have long-term consequences on lactation performance (Santos et al., 

2004). Nonetheless, our data suggest that disease that occurs outside the mammary gland had 

similar impact on lactation performance, and additive detrimental effects when combined with 

clinical mastitis. Thus, physiological responses to infections or tissue injury in tissues outside the 

mammary gland might also have long-term impact on activity of epithelial cells of the mammary 

gland or on the rate of cell proliferation and apoptosis. In fact, systemic inflammation is negatively 

associated with milk production during early lactation (Bionaz et al., 2007; Bertoni et al., 2008; 

Carpenter et al., 2016). In addition to inflammation, the transient changes in nutrient supply to the 

mammary gland epithelium caused by altered partition of nutrients (Kvidera et al., 2017), feeding 

behavior (Fogsgaard et al., 2015), or even feed efficiency caused by reduced feed intake (Zhang 

et al., 2013), could have long-term implications on the biology of epithelial cells of the mammary 

gland in cows with clinical diseases postpartum. In fact, management changes at early stages of 

lactation, such as increased milk frequency (Hale et al., 2003) and alternative feeding strategies or 

feed restriction (Jørgensen et al., 2016) are known to have long-term consequences on lactation 

performance, and similar mechanisms might be associated with clinical disease postpartum.  
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The association between clinical disease postpartum and reproduction of dairy cows has 

been previously described (Santos et al., 2010; Ribeiro et al., 2013, 2016; Ribeiro and Carvalho, 

2017). Nonetheless, previous analyses of the holistic impact of health postpartum on reproduction 

were limited to the first breeding postpartum. Our objective was to evaluate the consequences of 

clinical diseases in reproductive performance beyond the first breeding. All reproduction data up 

to 305 DIM was summarized and modeled according to incidence of clinical diseases in the first 

21 DIM. Although no differences in time to first breeding was observed, cows that had clinical 

diseases had a 19% reduction in pregnancy rate up to 305 DIM, based on pregnancy diagnosis 

performed 45 d after breeding. When only pregnancy that resulted in a new calving was 

considered, then accounting for pregnancy losses, the impact of clinical diseases within 21 DIM 

was even greater and pregnancy rate up to 305 DIM was reduced by 31%. The differences in 

pregnancy rate were present even when cows that become pregnant after the first breeding were 

excluded from the analyses, which suggest that long-term effects of disease extend to periods 

beyond the first breeding postpartum. Other researchers have shown differences in reproductive 

performance throughout lactation according to incidence of uterine diseases (Dubuc et al., 2011b) 

and clinical mastitis (Santos et al., 2004). 

To estimate the duration of the detrimental effects of clinical disease postpartum on 

fertility, we evaluated the outcomes of all breeding performed within 305 DIM. Finding out the 

duration of the detrimental effects could have implications for management decisions regarding 

breeding and culling strategies. Interestingly, we observed that clinical disease within 21 DIM 

would have detrimental effects on pregnancy per breeding only in breeding performed before 150 
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DIM, suggesting that long-term effects of clinical disease on reproduction would last less than 5 

mo. However, when calving per breeding was evaluated, difference according to health status early 

postpartum was observed in breeding performed up to 200 DIM. The difference was caused by the 

higher incidence of pregnancy losses after d 45 in cows that had clinical disease in the first 21 

DIM. The higher incidence of late pregnancy loss was observed in all windows up to 305 DIM, 

suggesting that clinical diseases postpartum influence pregnancy survival even 9 mo after clinical 

resolution of the disease. The fact that higher pregnancy losses were associated with diseases 

during the whole 305 d period implies that there was no bias regarding use of AI or ET in cows 

that had or had not disease, because most of the ET occurred in first breeding, but very few in later 

breeding. In fact, the type of first breeding did not interact with disease classification when that 

variable was included in the model. 

The mechanism by which fertility of dairy cows is affected by health status postpartum is 

not completely understood. Data from first breeding postpartum suggested that it is a combination 

of reduced oocyte quality and impaired uterine environment (Ribeiro et al., 2016). Inflammatory 

mediators are likely responsible for the reduction in oocyte quality (Bromfield et al., 2015; Roth, 

2018). Impaired uterine environment, however, could be a result of long-term consequences of 

disease on cow metabolism and consequently on uterine histotroph composition, which is critical 

for conceptus development, implantation, and survival (Ribeiro, 2017; Ribeiro and Carvalho, 

2017). Histotroph is secreted by epithelial cells of the endometrium into the uterine lumen and is 

used for nourishment and cell signaling by the developing conceptus (Spencer and Bazer, 2004). 

Similarities between the mammary gland and endometrial epithelia exist (Spencer and Bazer, 
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2004) and, therefore, the discussion above regarding the potential effects of diseases on cell 

biology of epithelial cells of the mammary gland is also valid for the endometrium of the cow. 

More research, however, is needed to fully understand the consequences of clinical disease and its 

associated physiological changes on cell biology and function of the uterus and the mammary 

gland.  

Furthermore, studies in humans have shown that metabolic dysfunctions on the dam and 

the uterine environment are associated with preterm delivery, impaired placental development, and 

low birth weight (Rogers and Velten, 2011). Impaired conceptus development in cattle that 

suffered from clinical diseases postpartum may also be associated with preterm births and 

potentially abortions, and lighter calves at birth. In humans, the problem of preterm births is 

minimized by medical intervention, but that is not the case in livestock species, which may lead to 

increased late pregnancy losses. Also, this impaired uterine environment may be associated to later 

life diseases and performance (Barker, 1992). However, further investigations are necessary to 

better understand this relationship between clinical diseases on the dam and postnatal health and 

performance of the offspring. 

With important detrimental consequences for lactation and reproductive performances, the 

large impact of clinical diseases postpartum on survival of cows does not come as a surprise. The 

proportion of cows culled by 305 DIM increased from 23% in cows without clinical disease in the 

first 21 DIM to 36% and 54% in those diagnosed with a single and multiple clinical diseases, 

respectively. Moreover, culling rate up to 305 DIM was increased by 95 and 306% in the latter 

two groups, respectively. Both deaths and sales of cows contributed significantly to the overall 
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difference in culling between cows that had or did not have clinical diseases. Moreover, differences 

in culling rate were also present when culling that occurred within 21 DIM were excluded from 

the analyses, suggesting that clinical diseases postpartum influence the long-term survival of dairy 

cows. It is noteworthy to mention that, similar to milk production, the effect of clinical disease on 

culling is also underestimated because a significant number of cows are culled after 305 DIM, 

especially those with late pregnancy losses.   

Culling has large consequences for the economics of dairy herds and contribute importantly 

to the associated costs of clinical disease postpartum (Galligan, 2006; Overton and Fetrow, 2008; 

Rollin et al., 2015). It is increasingly evident that health status in early lactation has multiple 

implications to management decisions, profitability and sustainability of dairy herds. Good records 

of clinical diseases in dairy herds and development of decision-making tools based on health 

information could help dairy managers to make more educated management decisions. This idea 

is not recent (Kelton et al., 1998)but, unfortunately, a large portion of dairy herds fail to keep 

consistent records and use them for decision-making. 

2.6 Conclusions 

Incidence of clinical diseases in the first 21 DIM postpartum was substantial and was 

associated with long-term negative consequences in milk production, reproduction, and culling of 

dairy cows. Despite similar genetic potential to produce milk, the 305-d yields of milk were 

substantially reduced in cows that had clinical diseases in the first 21 DIM compared with those 

that did not have clinical diseases. The reduction in milk production could not be explained by 

immediate losses that occur during clinical presentation of the health problem, which indicates that 
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consequences of clinical diseases to lactation biology are extended to periods after clinical 

resolution. In fact, peak of milk production was reduced and delayed in cows that had clinical 

disease in the first 21 DIM. Moreover, pregnancy rate was reduced in cows that had clinical disease 

postpartum, which cause an increase in the average days open and a reduction in the proportion of 

cows that became pregnant by 305 DIM. Cows that had clinical diseases presented reduced 

pregnancy per AI in breeding performed before 150 DIM, reduced calving per AI in breeding 

performed before 200 DIM, and greater pregnancy losses in all breeding up to 305 DIM. As 

consequence of health disorders per se, and the resulting reduction in lactation and reproductive 

performances, cows that had clinical disease early postpartum were more likely to be culled from 

the herd and left earlier than cows that did not have disease postpartum. In general, multiple clinical 

cases in the first 21 DIM had additive detrimental effect on milk production, reproduction, and 

culling up to 305 DIM. 
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1 4,880 cows contributed for the data of official milk tests, and 4,655 cows contributed for the data of 305-d yields.  
2 ClinD21 = clinical diseases diagnosed in the first 21 days in milk, which included retained placenta, metritis, mastitis, lameness, digestive and 

respiratory problem. 
3 C1 = effect of disease (none vs. single + multiple); C2 = effect of the number of disease (single vs. multiple). 
4 305-d yield = actual 305-d yields for cows that stayed for 305 days in the herd, and projected yields for cows whose lactation lasted from 100 to 304 

days. Cows whose lactation was shorter than 100 days were not included in the analyses of 305-d yields. 
a,b,c Within a row, columns with different superscripts differ (P ≤ 0.05). 

Table 2.1: Impact clinical diseases in the first 21 DIM (ClinD21) on milk production and components in the first three official tests postpartum and 

305-d yields of milk, fat, and protein 1 

 Number of ClinD21 2  Contrast 3 

Item None Single Multiple P C1 C2 

 --------------- Adjusted means ± SEM ---------------    

Days in milk    0.25 0.12 0.46 

First test 29.9 ± 0.16 29.5 ± 0.27 29.5 ± 0.76    

Second test 60.1 ± 0.17 59.8 ± 0.28 59.3 ± 0.78    

Third test 90.4 ± 0.17 90.0 ± 0.28 88.8 ± 0.79    

Milk yield, kg    < 0.01 < 0.01 < 0.01 

First test 39.0 ± 0.12a 34.9 ± 0.20b 30.7 ± 0.58c    

Second test 41.0 ± 0.10a 39.1 ± 0.17b 36.9 ± 0.49c    

Third test 39.1 ± 0.10a 38.0 ± 0.16b 36.8 ± 0.46c    

Fat, %    0.96 0.92 0.91 

First test 3.77 ± 0.014 3.79 ± 0.025 3.75 ± 0.077    

Second test 3.49 ± 0.012 3.46 ± 0.020 3.52 ± 0.058    

Third test 3.45 ± 0.011 3.45 ± 0.018 3.45 ± 0.055    

Fat, kg    < 0.01 < 0.01 0.03 

First test 1.48 ± 0.006a 1.37 ± 0.011b 1.27 ± 0.035c    

Second test 1.44 ± 0.006a 1.36 ± 0.010b 1.32 ± 0.029b    

Third test 1.35 ± 0.005a 1.31 ± 0.009b 1.30 ± 0.026b    

Protein, %    < 0.01 < 0.01 0.09 

First test 2.78 ± 0.005 2.80 ± 0.009 2.83 ± 0.027    

Second test 2.68 ± 0.004b 2.69 ± 0.006a 2.73 ± 0.019a    

Third test 2.73 ± 0.004b 2.75 ± 0.006a 2.78 ± 0.019a    

Protein, kg    < 0.01 < 0.01 < 0.01 

First test 1.08 ± 0.003a 1.00 ± 0.005b 0.95 ± 0.017c    

Second test 1.09 ± 0.003a 1.05 ± 0.004b 1.02 ± 0.013c    

Third test 1.06 ± 0.002a 1.04 ± 0.004b 1.04 ± 0.012b    

305-d yield, kg 4       

Milk 10,453.0 ± 27.3a 10,096.0 ± 46.0b 9,750.1 ± 135.8c < 0.01 < 0.01 0.02 

Fat 378.5 ± 1.54a 362.7 ± 2.59b 351.6 ± 7.65b < 0.01 < 0.01 0.17 

Protein 302.7 ± 0.73a 292.5 ±1.23b 283.6 ± 3.64c < 0.01 < 0.01 0.02 
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1 ClinD21 = clinical diseases diagnosed in the first 21 days in milk, which included retained placenta, metritis, mastitis, lameness, digestive and 

respiratory problem. 
2 C1 = effect of disease (none vs. single + multiple); C2 = effect of the number of disease (single vs. multiple). 
3 Cows that left the herd before the end of the voluntary waiting period and those that were not bred because of management decision.  
4 Proportion of eligible cows that were bred at least once.  
5 Proportion of eligible cows diagnosed pregnant 45 d after a breeding performed within 305 DIM.  

6 Pregnancy rate. The day of pregnancy was considered the day of the first breeding performed within 305 DIM that resulted in positive pregnancy 

diagnosis 45 d after breeding. 

7 Proportion of eligible cows that became pregnant within 305 DIM and had a new calving.  
 8 Pregnancy rate for pregnancies that resulted in a new calving. The day of successful pregnancy was considered the day of breeding that resulted in 

pregnancy that survived to term.  
a,b,c Within a row, columns with different superscripts differ (P ≤ 0.05). 

 

 

 

Table 2.2: Impact clinical diseases in the first 21 DIM (ClinD21) on milk production and components in the first three official tests postpartum and 305-d yields 

of milk, fat, and protein 

 Number of ClinD21 1  Contrast 2 

 None Single Multiple P C1 C2 

Not enrolled in the breeding program, % (n/n) 3 11.4 (403/3551) c 20.6 (270/1309) b 35.1 (79/225) a < 0.01 < 0.01 < 0.01 

Bred at least once, % (n/n) 4 98.6 (3105/3148) a 97.5 (1013/1039) b 95.2 (139/146) b < 0.01 < 0.01 0.13 

Interval to first breeding, days     0.42 0.75 0.20 

Adjusted hazard ratio (C.I.)  1.00 (reference) 1.03 (0.96 - 1.10) 0.91 (0.77 - 1.08)    

Mean ± SEM 81.5 ± 0.2 81.3 ± 0.4 82.4 ± 1.3    

Median (C.I.)  77 (77 - 78) 77 (76 - 78) 76 (74 - 79)    

Pregnant, % (n/n) 5 88.4 (2783/3148) a 82.6 (858/1039) b 72.6 (106/146) c < 0.01 < 0.01 0.03 

Interval to pregnancy, days 6    < 0.01 < 0.01 0.13 

Adjusted hazard ratio (C.I.)  1.00 (reference) a 0.83 (0.77 - 0.90) b 0.71 (0.58 - 0.86) b    

Mean ± SEM 133.5 ± 1.2 145.5 ± 2.4 157.2 ± 7.1    

Median (C.I.)  109 (105 - 111)  116 (112 - 121) 124 (111 - 143)    

Calving, % (n/n) 7 72.8 (2293/3148) a 59.6 (619/1039) b 47.3 (69/146) c < 0.01 < 0.01 0.03 

Interval to successful pregnancy, days 8    < 0.01 < 0.01 0.03 

Adjusted hazard ratio (C.I.)  1.00 (reference) a 0.71 (0.65-0.77) b 0.54 (0.42 - 0.68) c    

Mean ± SEM 159.3 ± 1.6 182.8 ± 3.0 204.7 ± 8.0    

Median (C.I.)  126 (121 - 131) 160 (147 - 175) 204 (152 - >305)    
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Table 2.3: Impact of clinical disease in the first 21 DIM on culling outcomes during the 305-d lactation 

 Number of ClinD21 1  Contrast 2 

Item None Single Multiple P C1 C2 

Culled, % (n/n)  22.6 (803/3551) a 35.7 (467/1309) b 53.8 (121/225) c < 0.01 < 0.01 < 0.01 

Interval to culling, days    < 0.01 < 0.01 < 0.01 

Adjusted hazard ratio (C.I.)  1.00 (reference) a 1.79 (1.59-2.00) b 3.06 (2.52-3.70) c    

Mean ± SEM 276.5 ± 1.2 250.1 ± 2.6 209.2 ± 7.6    

Culled after 21 DIM, % (n/n)  21.0 (731/3479) 32.0 (396/1238) 48.5 (98/202) < 0.01 < 0.01 < 0.01 

Interval to culling after 21 DIM, days    < 0.01 < 0.01 < 0.01 

Adjusted hazard ratio (C.I.)  1.00 (reference) a 1.69 (1.50-1.91) b 2.82 (2.28-3.48) c    

Mean ± SEM 283.4 ± 1.0 263.9 ± 2.2 231.7 ± 6.8    

Sold, % (n/n)  19.1 (678/3551) a 27.6 (361/1309) b 37.8 (85/225) c < 0.01 < 0.01 < 0.01 

Interval to sale, days    < 0.01 < 0.01 < 0.01 

Adjusted hazard ratio (C.I.)  1.00 (reference) a 1.64 (1.45-1.87) b 2.68 (2.14-3.36) c    

Mean ± SEM 283.4 ± 1.0 269.1 ± 2.1 243.1 ± 6.3    

Sold after 21 DIM, % (n/n)  18.40 (640/3479) 28.27 (350/1238) 42.08 (85/202) < 0.01 < 0.01 < 0.01 

Interval to sale after 21 DIM, days    < 0.01 < 0.01 < 0.01 

Adjusted hazard ratio (C.I.)  1.00 (reference) a 1.71 (1.50-1.94) b 2.85 (2.27-3.58) c    

Mean ± SEM 286.4 ± 0.9 271.3 ± 2.0 243.1 ± 6.3    

Dead, % (n/n) 3.5 (125/3551) a 8.1 (106/1309) b 16.0 (36/225) b < 0.01 < 0.01 0.18 

Interval to death, days    < 0.01 < 0.01 < 0.01 

Adjusted hazard ratio (C.I.)  1.00 (reference) a 2.57 (1.98-3.34) b 4.74 (3.27-6.88) c    

Mean ± SEM 297.5 ± 0.7 231.9 ± 1.7 224.7 ± 5.8    

Dead after 21 DIM, % (n/n) 2.6 (91/3479) 3.7 (46/1238) 6.4 (13/202) 0.55 0.27 0.56 

Interval to death, days    < 0.01 < 0.01 0.12 

Adjusted hazard ratio (C.I.)  1.00 (reference) a 1.60 (1.12-2.29) b 2.63 (1.47-4.71) b    

Mean ± SEM 300.3 ± 0.5 242.6 ± 1.0 249.0 ± 3.6    
1 ClinD21 = clinical diseases diagnosed in the first 21 days in milk, which included retained placenta, metritis, mastitis, lameness, digestive and 

respiratory problem. 
2 C1 = effect of disease (none vs. single + multiple); C2 = effect of the number of disease (single vs. multiple). 

a,b,c Within a row, columns with different superscripts differ (P ≤ 0.05).
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Table 2.4: Genomic EBV, predicted 305-d yields, and observed 305-d yields for milk, fat and protein of cows with 

and without clinical diseases in the first 21 DIM (ClinD21) enrolled in Study 2  

Item NoClinD21 ClinD21 Difference 1 P 

Cows, n (%) 1,852 (76.7) 563 (23.3) --- --- 

Genomic EBV, kg 2     

Milk 891.8 ± 10.2 881.4 ± 18.6 10.4 ± 21.2 0.63 

Fat 32.2 ± 0.2 31.8 ± 0.6 0.4 ± 0.6 0.46 

Protein 42.6 ± 0.4 42.6 ± 0.8 0.08 ± 0.8 0.92 

305-d milk yield, kg 3     

Predicted 11,727 ± 5.1 11,717 ± 9.3 10.4 ± 21.2 0.63 

Observed 11,212 ± 44.0 a 10,867 ± 71.6 b -345.1 ± 70.4 <0.01 

Difference between observed and predicted -515 ± 41.8 a -850 ± 67.4 b -335 ± 66.3 <0.01 

305-d fat yield, kg 3     

Predicted 424.5 ± 0.2 424.1 ± 0.6 0.4 ± 0.6 0.46 

Observed 400.9 ± 1.7 a 391.1 ± 2.8 b -9.8 ± 2.7 <0.01 

Difference between observed and predicted -23.6 ± 1.7 a -33 ± 2.7 b -9.4 ± 2.7 <0.01 

305-d protein yield, kg 3     

Predicted 366.0 ± 0.4 366.1 ± 0.8 0.1 ± 0.8 0.92 

Observed 342.3 ± 1.2 a 332.0 ± 1.9 b -10.3 ± 1.9 <0.01 

Difference between observed and predicted -23.7 ± 1.2 a -34.1 ± 1.9 b -10.4 ± 1.9 <0.01 
1 Estimated difference between means of ClinD21 and NoClinD21. 
2 Calculated as two times the genomic predicted transmission ability (GPTA), which is based on information of single 

nucleotide polymorphism obtained from a low-density panel (Clarifide, Zoetis Genetics, Kalamazoo, MI) 
3 The predicted yields of milk, fat, and protein were calculated by the sum of the genomic EBV and the average of the 

observed values. The observed values represent the total milk production in 305-d, which was measured at each 

milking by the milking system (SmartDairy meter, Boumatic, Madison, WI). The difference between observed and 

predicted values was calculated for each cow and analyzed statistically to determine the association with ClinD21. 

a,b,c Within a row, columns with different superscripts differ (P ≤ 0.05).
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Figure 2.1: Percentage and cumulative percentage of cows diagnosed with the first clinical disease postpartum 

according to week postpartum.
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Figure 2.2: Impact of the number of clinical diseases in the first 21 DIM (none, single, and multiple) on average daily milk yield (A), peak milk yield (B), and 

interval from parturition to peak milk production (C).Clinical diseases include metritis, mastitis, lameness, digestive and respiratory problems. Error bars represent 

the standard error of the means in all panels. In panel A, all pairwise comparisons within a week were statistically different (P < 0.03). In panels B and C, letters 

a,b,c represent differences (P < 0.01) between experimental groups. The number of cows that contributed with data was 4,918 in panel A and 4,635 in panels B 

and C.   
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Figure 2.3: Impact of clinical diseases in the first 21 DIM (ClinD21) and parity on average daily milk yield (A), peak milk yield (B), and interval from parturition 

to peak milk production (C). Clinical diseases include metritis, mastitis, lameness, digestive and respiratory problems. Error bars represent the standard error of the 

means in all panels. In panel A, all pairwise comparisons within a week were statistically different (P < 0.01). In panels B and C, letters a,b,c represent differences 

(P < 0.01) between experimental groups. The number of cows that contributed with data was 4,918 in panel A and 4,635 in panels B and C.  
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Figure 2.4: Survival probabilities breeding (A), pregnancy based on pregnancy diagnosis on day 45 (B), and 

pregnancy that resulted in a new calving (C) according to number of clinical diseases in the first 21 DIM (ClinD21) 

and days in milk (DIM). The number of cows that contributed with data was 4,333. 
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Figure 2.5: Pregnancy per breeding (A), calving per breeding (B), and pregnancy loss after gestational day 45 (C) 

according to incidence of clinical diseases in the first 21 DIM (ClinD21) and days in milk (DIM) when breeding was 

performed. In all panels, error bars represent the standard error of the means, and statistical differences between 

experimental groups within a window of DIM are represented by * (P < 0.05) and ** (P < 0.01). Panel A includes 

data of 13,446 breeding, panel B includes data of 13,022 breeding, and panel C includes data of 3,564 pregnancies. 
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Figure 2.6: Survival probabilities of culling (A), mortality (B), and sale (C) according to number of clinical diseases 

in the first 21 DIM (ClinD21) and days in milk (DIM). The number of cows that contributed with data was 5,085. 
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3 ASSOCIATIONS BETWEEN MATERNAL CHARACTERISTICS AND HEALTH, 

SURVIVAL, AND PERFORMANCE OF DAIRY HEIFERS FROM BIRTH UP TO 

FIRST LACTATION 

3.1 Abstract 

The objective of this study was to investigate whether health, survival and performance of 

dairy heifers from birth up to first lactation are associated with parity and health status of the dam. 

Holsteins heifers (n = 2,669) were categorized as 1) daughters of primiparous cows that, 

consequently, were not lactating during gestation (Prim-NoL; n = 1,322); 2) daughters of 

multiparous cows that did not have any clinical diseases in the previous lactation (Mult-NoCD; n 

= 841); and 3) daughters of multiparous cows that had at least one clinical disease in the previous 

lactation (Mult-CD; n = 506). Clinical diseases of the multiparous dams included retained placenta, 

metritis, mastitis, lameness, digestive and respiratory problems. Data collected for evaluation of 

daughters included genotypic and phenotypic characteristics at birth, morbidity, reproductive 

performance, and culling from birth up to 305 DIM of first lactation, and milk production in the 

first lactation. Orthogonal contrasts were used to evaluate the effect of the parity of the dam (Prim-

NoL vs. Mult-NoCD + Mult-CD) and the effect of clinical disease occurrence in the previous 

lactation within multiparous dams (Mult-NoCD vs. Mult-CD). Compared with daughters of 

multiparous cows, daughters of Prim-NoL were lighter at birth (36 vs. 41 kg), had better genetics 

for production traits (e.g. genomic EBV for milk: 942 vs. 806 kg), were less likely to leave the 

herd as a heifer (18 vs. 27%) and as a first lactation cow (11 vs. 15%), less likely to have late 

pregnancy losses as a heifer (9 vs. 14%) and to have clinical diseases as a first lactation cow (31 
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vs. 37%), and had reduced performance in the first lactation when considering their genetic 

potential (e.g. adjusted 305-d yield of milk: 11,214 vs. 11,400 kg). Compared with daughters of 

Mult-NoCD, daughters of Mult-CD were less likely to have diarrhea as a heifer (20 vs. 26%) and 

clinical disease as a first lactation cow (32 vs. 40%), but were also more likely to leave the herd as 

a heifer (32 vs. 24%) even though genetic merit for production traits were similar (i.e. genomic 

EBV for milk: 798 vs. 812 kg). In conclusion, parity and health status of the dam in the previous 

lactation were associated with morbidity, survival and performance of dairy heifers from birth up 

to 305 DIM of the first lactation, and might represent factors affecting developmental 

programming of dairy heifers. 

3.2 Introduction 

During the recent decades, epidemiological studies in humans and animals have evidenced 

a concept of early life development contribution to later life diseases, or developmental origins of 

health and disease theory (Gluckman and Hanson, 2004; Barker, 2007). Periconceptional 

metabolic and nutritional status of the dam has a role affecting the placental and fetal development. 

This intrauterine programming can lead to physiological adaptations that have the objective to 

increase the survival chances after birth, even in an unfavorable condition (Godfrey and Barker, 

2001). However, they come with a later life cost, as some of these adjustments have been linked 

to metabolic and physiological adaptations that are associated with impaired health and 

performance in livestock species. For dairy cattle, the physiological adaptations for the onset of 

lactation and the occurrence of clinical diseases can have significant impact on the next generation 

life, health and performance (Opsomer et al., 2017).  



 

 

59 

 

Clinical diseases are critical for livestock production, as it affects efficiency, profitability 

and welfare. The high incidence of clinical diseases in lactating dairy cows (Santos et al., 2010; 

Ribeiro and Carvalho, 2017) is related to endocrinal and physiological adaptations mainly linked 

to the transition from nonlactating to lactating period (Drackley et al., 2001). In addition, the first 

third of the lactation is a critical period for modern dairy cows, as they begin to be bred close to 

their production peak and during nutritional deficit. Recent studies have shown that both uterine 

and non-uterine disorders have a negative impact on reproductive performance by reducing 

fertility and increasing pregnancy losses after breeding (Ribeiro et al., 2016; Carvalho et al., 2018). 

Although the mechanisms are still unclear, these studies raise strong evidence of a harsh uterine 

environment, which does not contribute for early embryonic development (Ribeiro and Carvalho, 

2017). Moreover, the lactational status and nutrient shift towards milk production may have 

negative consequences to the developing embryo (Opsomer et al., 2017). 

We hypothesized that cows that had some clinical disease during their lactation would have 

an impaired uterine environment that could disturb embryonic and fetal development, leading to 

higher incidence of calving problems and worse postnatal performance of their offspring. Also, 

we hypothesized that calves born from non-lactating nulliparous heifers would have less negative 

maternal factors influencing their performance. This retrospective observational study objectives 

were to investigate whether the lasting effects of clinical diseases extends into next calving and 

postnatal life in pregnancies that survive until term, and how daughters of non-lactating heifers 

would perform compared to daughters of lactating cows from birth until the end of first lactation.  
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3.3 Materials and methods 

3.3.1 Animals, housing, and general management 

This study involved a retrospective analysis of data of 2,669 Holstein heifers born from 

December 2012 to March 2014 in a large dairy operation located in Florida, which were followed 

from birth up to 305 DIM of their first lactation. Heifers were born in maternity pens with sand 

bedding, separated from their dam, weighed using a conventional scale, and fed 4 L of colostrum 

with >70 g/L of IgG in the first 6 hours of life. Heifers were then housed in individual elevated 

pens of approximately 2 m2 placed in an open-side barn. Preweaned heifers received 6 L of 

pasteurized milk per day and had ad libitum access to water and concentrate feed. Weaning was 

performed on week 8 after birth, initially reducing milk feeding to 3 L per day for 3 days and then 

removing it completely. After weaning, heifers were housed in dry-lot pens in groups of 50 to 100 

heifers. Heifers were fed a TMR to meet the nutrient requirements of growing Holstein heifers 

based on NRC (2001) recommendations. Three weeks prior the expected calving date, pregnant 

heifers were moved to a maternity free-stall barn, which was open-side and equipped with fans, 

sprinklers, and stalls with sand bedding. At the time of calving, heifers were moved into maternity 

pens with sand bedding. After calving, primiparous cows were housed separately from herd’s 

multiparous cows in free-stall barns equipped with tunnel ventilation and stalls with sand bedding. 

Feed was delivered twice a day as a TMR, formulated to meet the nutrient requirements of lactating 

cows producing 40 kg of milk per day according to the NRC (2001). Cows were milked 3 x/d and 

yields of milk were recorded at each milking (SmartDairy meter, Boumatic, Madison, WI). Official 

milk tests of the Dairy Herd Improvement Association (DHIA) were performed monthly. Cows 
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were managed according to standard operating proceedings, and all management procedures were 

performed by trained personnel and supervised by the herd veterinarians and the University of 

Florida Food Animal Reproduction & Medicine Service. 

3.3.2 Experimental design 

Heifers were categorized according to parity and prior health status of their dams in one 

out of three groups: 1) daughters of primiparous cows that, consequently, were not lactating during 

gestation (Prim-NoL; n = 1,322); 2) daughters of multiparous cows that did not have any clinical 

diseases in the previous lactation (Mult-NoCD; n = 841); and 3) daughters of multiparous cows 

that had at least one clinical disease in the previous lactation (Mult-CD; n = 506). Clinical diseases 

of the multiparous dams included retained placenta, metritis, mastitis, lameness, digestive and 

respiratory problems. Information regarding birth characteristics, morbidity, reproduction, culling, 

and milk production in the first lactation were collected. All data of dams and heifers were stored 

and retrieved from farm management software PCDart (DRMS, Raleigh, NC). In addition to 

pairwise comparisons, orthogonal contrasts were used to evaluate the effect of the parity of the 

dam (Prim-NoL vs. Mult-NoCD + Mult-CD) and the effect of clinical disease occurrence in the 

previous lactation within multiparous dams (Mult-NoCD vs. Mult-CD). 

3.3.3 Clinical diseases of multiparous dams 

Retained placenta was defined as visible fetal membranes at the vulva 24 h after calving. 

Metritis was characterized by abnormal vaginal discharge obtained within the first 21 DIM. 

Incidence of clinical mastitis was evaluated before every milking and characterized by the presence 
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of abnormal milk or by local signs of inflammation in one or more quarters. Cows that stood and 

walked with arched back and had short strides in one or more legs were classified as clinically 

lame. Digestive problems were characterized by diarrhea, bloat, or displacement of abomasum. 

Respiratory problems were characterized by increased respiratory frequency associated with fever 

and presence of increased lung sounds at auscultation. 

3.3.4 Genomic and phenotypic characteristics of heifers at birth 

Information of gestation length, calving assistance, and body weight were recorded at birth 

for all heifers. In addition, genomic information was available for 2,474 heifers or 92.7% of all 

heifers. The genomic estimated breeding values (EBV) for yields of milk, fat, and protein were 

calculated as two times the genomic predicted transmitting ability (PTA) and used to estimate the 

predicted 305-d yields of milk, fat and protein during first lactation. The genomic PTA value was 

based on genomic evaluation of single nucleotide polymorphisms of a low-density panel 

(Clarifide, Zoetis Genetics, Kalamazoo, MI) were collected. 

3.3.5 Morbidity and culling of heifers 

Incidence of clinical health problems, death losses, and sales were recorded. Culling was 

characterized by heifers that left the herd either by death or sale. Clinical health problems included 

diarrhea, pneumonia, and lameness. Diarrhea was characterized by loose or watery feces; 

pneumonia was characterized by bilateral nasal or eye discharges and/or by repeated coughs; and 

lameness was characterized by abnormal short strides in one or more legs. Additional diseases 
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with minor incidence were all group as ‘other’ and included heifers with clinical mastitis, severe 

eye infections, and cases without a final diagnosis. 

3.3.6 Reproduction of heifers 

Heifers were moved to breeding pens when they were weighting approximate 350 kg. 

Reproductive management of heifers was based on visual estrous detection aided by the use of tail 

chalk. Prostaglandin F2ɑ was administered every other week in heifers that were not bred or 

pregnant. Both artificial insemination (AI) and embryo transfer (ET) were used for breeding of 

heifers according to management breeding strategies and were performed by skilled technicians. 

After the first breeding, heifers that returned to estrus were considered nonpregnant and were 

rebred on the same day. Pregnancy diagnosis for those that did not returned to estrus was 

performed approximately 45 days after breeding by rectal palpation. Pregnant heifers were 

followed until parturition for confirmation of calving. All pregnancy losses after gestational day 

45 were recorded. Heifers diagnosed pregnant were rechecked 45 days later and those reconfirmed 

pregnant were followed until termination of pregnancy. Heifers diagnosed nonpregnant at 

pregnancy diagnoses were enrolled in an Ovsynch program for rebreeding. Date and outcome of 

all breeding were recorded. 

3.3.7 Morbidity and culling in the first lactation 

Incidence of clinical diseases from the day of calving up to 305 DIM was recorded. The 

diseases that were considered and the methods used for diagnosis were identical to those used for 

characterization of health status of multiparous dams and described above. In addition, losses by 
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death and sales were recorded. Culling was characterized by cows that left the herd either by death 

or sale from the day of calving up to 305 DIM. 

3.3.8 Reproduction in the first lactation 

The voluntary waiting period (VWP) was 49 DIM. Estrus detection and synchronization 

of the estrous cycle were used concomitantly for breeding of eligible cows by AI or ET. After the 

end of the VWP, cows were evaluated daily for signs of estrus and those observed in estrus were 

inseminated on the same day or received an embryo 6 to 9 days after. Cows not observed in estrus 

were bred after a Presynch-Ovsynch program. After the first breeding postpartum, cows that 

returned to estrus were considered nonpregnant and were rebred on the same day. Pregnancy 

diagnosis of cows that did not return to estrus was performed by rectal palpation 45 days after 

breeding. Cows diagnosed pregnant were rechecked 45 days later and those reconfirmed pregnant 

were followed until termination of pregnancy. Cows diagnosed nonpregnant at pregnancy 

diagnoses were enrolled in an Ovsynch program for rebreeding. Date and outcome of all breeding 

performed up to 305 DIM were recorded. 

3.3.9 Milk production and components in the first lactation 

Daily milk yields were summarized weekly and evaluated up to wk 14 of lactation. In 

addition, 305-d yields of milk, fat, and protein were collected. Cows that left the herd before 100 

DIM did not contribute to the 305-d yield data, and those that left the herd from 100 to 304 DIM 

contributed with their projected values. The projections were done using DHIA tool, which model 

includes the test days DIM and production, parity, calving season and region of the farm. 
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Information regarding yields of milk, fat, and protein, and fat and protein percentages collected in 

the first three official DHIA milk tests was also evaluated. For cows with genomic information, 

predicted 305-d yields of milk, fat, and protein were calculated based on genomic EBV for milk, 

fat, and protein, respectively, and compared with their observed 305-d yields. 

3.3.10 Statistical analyses 

Statistical analyses were performed in SAS version 9.3 (SAS/STAT, SAS Institute Inc., 

Cary, NC). Continuous variables were analyzed by ANOVA and binary variables were analyzed 

by logistic regression using the GLIMMIX procedure. The interval to an event was analyzed by 

the Cox’s proportional hazard model using the PHREG procedure of SAS. Survival plots were 

generated with MedCalc version 12.7.2 (MedCalc Software, Mariakerke, Belgium). 

The statistical models included the effects of category of the dam, birth date categorized in 

seasons (1 to 4), and their interaction. Each season represented 4 months in a row: 1 - Dec 2012 to 

March 2013; 2- Apr 2013 to Jul 2013; 3- Aug 2013 to Nov 2013; and 4 – Dec 2013 to March 2014. 

Analyses of breeding and calving per breeding and pregnancy losses also included the effects of 

breeding type (AI or ET) and its interactions with category of the dam and season of birth. Weekly 

average of daily milk yield in the first 14 wk postpartum, and milk yield and composition in the 

first three DHIA milk tests were analyzed as repeated measures. In these analyses, week 

postpartum or test number, and their interaction with category of the dam and season of birth were 

included as fixed effects, and cow nested within category of the dam was included as a random 

effect. In all models, orthogonal contrasts were used to evaluate the effect of the parity of the dam 

(Prim-NoL vs. Mult-NoCD + Mult-CD) and the effect of clinical disease occurrence in the 
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previous lactation within multiparous dams (Mult-NoCD vs. Mult-CD). Statistical differences 

were characterized by P ≤ 0.05. 

3.4 Results 

3.4.1 Genomic and phenotypic characteristics at birth 

The genomic EBV for milk, fat and protein were similar between daughters of Mult-NoCD 

and daughters of Mult-CD (Table 3.1) and averaged 403, 14.5, and 19.9 kg, respectively. 

Daughters of Prim-NoL, however, had larger (P < 0.01) genomic EBVs for milk, fat and protein 

compared with daughters of multiparous cows (Table 3.1). 

 The average length of gestation, the proportion of cows with dystocia, and birth body 

weight of heifers were all similar between Mult-NoCD and Mult-CD groups, and averaged 276 

days, 17.9%, and 41.3 kg, respectively (Table 3.1). Nonetheless, all these outcomes were reduced 

(P < 0.01) in the Prim-NoL group compared with the other two groups combined (Table 3.1). 

3.4.2 Morbidity and culling before first calving 

Morbidity as heifer was similar between all 3 groups and averaged 60% (Table 3.2). 

Regarding individual clinical health problems, daughters of Mult-CD had fewer (P = 0.02) 

digestive problems compared with daughters of Mult-NoCD (Table 3.2). In addition, daughters of 

Prim-NoL had fewer (P < 0.01) cases of minor incidence diseases classified as ‘others’ compared 

with daughters of multiparous cows (Table 3.2). Incidence of respiratory problems and lameness 

were similar between groups and averaged 51.0 and 2.5%, respectively (Table 3.2). Moreover, 

fewer Mult-CD heifers had multiple health problems compared with the other two groups. When 
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data was analyzed according week of life, incidence of clinical disease was smaller in week 2 and 

cumulative incidence of clinical disease was smaller in weeks 2 and 3 in daughters of Mult-CD 

compared with the other two groups (Figure 3.1). The rate of morbidity during the entire period, 

however, was not different between groups (Table 3.3). 

Mortality of heifers was similar between Mult-NoCD and Mult-CD groups (Table 3.2). 

Nonetheless, daughters of Prim-NoL were less likely (P = 0.02) to die as heifer than daughters of 

multiparous cows (Table 3.2). In addition, the rate of mortality was smaller for daughters of Prim-

NoL cows compared with daughters of multiparous cows (Table 3.3; Figure 2A). The proportion 

of heifers sold was different (P < 0.01) between the three groups, and was greater in Mult-CD 

followed by Mult-NoCD and then by Prim-NoL (Table 3.2). The rate of sales was also different 

(P < 0.01) between the three groups and, similar to the overall proportions, was greater in Mult-

CD followed by Mult-NoCD and then by Prim-NoL (Table 3.3; Figure 2B). Similarly, the 

proportion of heifers that left the herd and the rate of culling was different (P < 0.03) between the 

three groups and were greater in Mult-CD, intermediate in Mult-NoCD, and smaller in Prim-NoL 

(Table 3.2 and 3; Figure 2C). 

3.4.3 Reproduction of heifers 

The proportion of heifers that reached the breeding period and was bred at least once was 

greater in Prim-NoL compared with Mult-NoCD and Mult-CD, and did not differ between the last 

two groups (Table 3.4). The rate of breeding, however, was similar between groups (Table 3.5). 

Age at first breeding, age at first pregnancy, and age at first calving were all similar between the 
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three groups, and averaged 397, 428, and 707 days, respectively (Table 3.4). The gestation length 

of heifers that calved was also similar between groups and averaged 271 days (Table 3.4). 

 In the first breeding, pregnancy per breeding did not differ between groups, but 

calving per breeding was reduced (P = 0.02) in Mult-CD heifers compared with Prim-NoL because 

pregnancy losses after gestational day 45 were greater (P = 0.01) Mult-CD heifers compared with 

Prim-NoL (Table 3.4). When all breeding were considered, the proportion of heifers diagnosed 

pregnant on d 45 were similar between groups but, compared with daughters of multiparous cows, 

daughters of Prim-NoL were less likely (P < 0.01) to lose pregnancy after d 45 and more likely (P 

= 0.04) to calve (Table 3.4). Accordingly, pregnancy rate was similar between groups but, when 

only pregnancies that resulted in calving were considered, then the rate of successful pregnancy 

was greater in daughters of Prim-NoL compared with daughters of multiparous cows (Table 3.5). 

All reproductive parameters were similar between Mult-NoCD and Mult-CD groups. 

3.4.4 Morbidity and culling in the first lactation 

Incidence of clinical diseases in the first lactation, from calving up to 305 DIM, was 

different (P < 0.01) between groups and was greater for daughters of Prim-NoL compared with 

daughters of multiparous cows (Table 3.6). In addition, a smaller proportion (P = 0.02) of 

daughters of Mult-CD had clinical diseases in the first lactation compared with daughters of Mult-

NoCD (Table 3.6). Similar to the overall incidences of clinical disease, the rate of morbidity was 

also smaller (P = 0.02) for daughters of Prim-NoL compared with daughters of multiparous cows, 

and smaller (P = 0.02) for daughters of Mult-NoCD compared with daughters of Mult-CD (Table 

3.7; Figure 3.3A). When only non-uterine were considered, overall incidence and morbidity was 
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greater in daughters of Mult-NoCD compared with the other two groups (Table 3.6 and 7; Figure 

3.3B). Incidence of uterine disease in the first 21 DIM was greater (P = 0.04) in daughters of 

multiparous compared with daughters of Prim-NoL, and no difference was observed between 

Mult-NoCD and Mult-CD groups (Table 3.6). 

Daughters of Prim-NoL were less likely to die in the first lactation compared with 

daughters of multiparous cows (Table 3.6). Mortality in the first lactation, however, was not 

different between Mult-NoCD and Mult-CD groups (Table 3.6). The rate of mortality was also 

similar between groups (Table 3.7). The proportion of cows sold and the rate of sales in the first 

lactation did not differ between groups (Table 3.6 and 7). Nonetheless, the proportion of cows 

leaving the herd in the first lactation and the rate of culling were smaller for daughters of Prim-

NoL compared with daughters of multiparous cows, but were not different between Mult-NoCD 

and Mult-CD groups (Table 3.6 and 7). 

When information of morbidity during first lactation was merged with the information of 

morbidity as heifers, the proportion of cows that reached first lactation without any clinical 

problem and also did not have clinical problem after calving was greater (P < 0.04) in the Mult-

CD group compared with the other two groups (Figure 3.4). 

3.4.5 Reproduction as first lactation cows 

Among cows that, at some point, were eligible to be bred, the proportion of cows bred at 

least once was greater (P = 0.04) in daughters of Prim-NoL compared with daughters of 

multiparous cows, but was similar between Mult-NoCD and Mult-CD groups (Table 3.8). All other 
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dependent variables associated with reproductive performance in the first lactation were similar 

among groups (Table 3.8).   

3.4.6 Milk production in the first lactation 

The first three official milk tests were performed at similar intervals postpartum for cows 

of the three groups, averaging 32, 62, and 92 DIM respectively. When genomic EBVs were not 

included in the statistical models, milk, fat, and protein yields in the first three milk tests were 

similar between groups (Table 3.9). However, when genomic EBVs were included in the statistical 

models as a covariable, yields of milk and fat in the first three milk tests were reduced in daughters 

of Prim-NoL compared with daughters of multiparous cows, but did not differ between Mult-

NoCD and Mult-CD groups (Table 3.8). In general, yield of protein in the first three tests were 

similar among groups (Table 3.8). Nevertheless, differences (P < 0.05) in yields of protein in the 

second and third tests were observed between Prim-NoL and Mult-NoCD groups, and were smaller 

for the former group.  

Results of 305-d yields of milk, fat, and protein followed a pattern similar to that observed 

for the first three milk tests. When genomic EBVs were not included in the statistical models, no 

differences were observed between groups (Table 3.8). When they were included, however, 305-

d yields of milk, fat and protein were all reduced (P < 0.04) in daughters of Prim-NoL compared 

with daughters of multiparous cows. No differences were observed between Mult-NoCD and Mult-

CD groups.  
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Similarly, the weekly averages of daily milk yield for the first 14 wk postpartum were 

similar between groups when genomic EBV for milk production were not included in the statistical 

models, but were smaller (P < 0.01) in daughters of Prim-NoL compared with daughters of 

multiparous cows when genomic EBV for milk production was included (Prim = 36.5 vs. Mult = 

37.3 kg; Figure 3. 5).  

Accordingly, the genomic predictions of 305-d yields of milk, fat, and protein were all 

greater (P < 0.01) for daughters of Prim-NoL compared with daughters of multiparous, and all 

similar between daughters of Mult-NoCD and daughters of Mult-CD (Table 3.10). The observed 

305-d yields in the same population of cows, however, were similar between all groups (Table 

3.10). The differences between observed and predicted 305-d yields were negative for Prim-NoL 

group and positive for the other two groups (Table 3.10). For fat and protein, the differences 

between observed and predicted 305-d yields were in fact different (P < 0.05) between daughters 

of Prim-NoL and daughters of multiparous groups (Table 3.10). 

3.5 Discussion 

The present study evaluated health and performance of Holstein females from birth to the 

end of first lactation and associated with the status of the dam during gestation. Heifers were 

divided in daughters of multiparous cows that had or had not clinical diseases during the previous 

lactation (before and after conception), and daughters of primiparous cows, that were non-lactating 

heifers during pregnancy. This experimental model was used to investigate the contributions of 

clinical diseases occurrence and lactation on developmental programming of heifers. Most of the 

clinical diseases cases in dairy cows occur during the peripartum period (Ribeiro and Carvalho, 
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2017), and our study followed similar pattern, so most of the dams had a disease before conception. 

Although it would be interesting to differentiate the occurrence of diseases before and after 

pregnancy establishment, a small number of animals had a clinical case after conception. In 

addition, previous studies have shown that insults to the uterine environment both before and after 

conception have negative consequences to the embryonic and fetal development (McMillen et al., 

2008). In our study, we did not find significant differences in performance between daughters of 

cows that had disease before and after conception, leading us to include them in one single group 

of daughters of cows that had at least one clinical case during the lactation. To our knowledge, this 

is the first attempt to understand the consequences of diseases before and during gestation to the 

next generation in dairy cattle. The single previous study that attempted to related disease on the 

dam with postnatal performance of the offspring used somatic cell count in milk as predictor for 

mastitis (González-Recio et al., 2012). In this study, researchers study found slightly shorter life 

span for the offspring from dams that had mastitis during gestation.  

Gestation length and offspring birthweight are characteristics particularly relevant because 

they were first associated with later life disorders in the developmental origins of adult health and 

disease theory (Barker, 2007). According to this theory, early physiological events such as 

activation of hypothalamo-pituitary-adrenal axis and preterm labor favor the survival in the short-

term with a cost in later life, causing metabolic adaptations, altered kidney development, 

hypertension and other diseases in humans and animals (McMillen et al., 2008). Therefore, the 

length of gestation and offspring birthweight are considered main factors associated with long-

term survival, health and performance. In fact, other investigations in dairy cattle reported reduced 
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performance related to low body weight at birth (Linden et al., 2009) and short gestation length of 

the dam (Vieira-Neto et al., 2017). 

The shorter gestation of nulliparous heifers was not surprising, because the females are still 

growing at the age of first calving (around 24 months). The maturation of the hypothalamic-

pituitary-adrenal axis is responsible for increasing the fetal glucocorticoid concentration that 

triggers mechanisms of parturition (Matthews and Challis, 1996). Considering that nulliparous 

heifers have smaller body, there is a limitation in the capacity of the uterus to expand in the 

abdominal cavity, which may cause stress to the fetus and contribute to earlier parturitions (Vieira-

Neto et al., 2017). A reduced body size of the dam is also related to smaller size of the offspring, 

and shorter gestation had a 31% correlation with birth body weight of the calf in our study. In 

agreement, other researchers reported lower birth body weight for nulliparous offspring (Johanson 

and Berger, 2003; Kamal et al., 2014). The shorter gestation partially explains the lower body 

weight because of shorter period of development in the uterus. Another portion is probably 

associated with lower placental development. There is evidence that the placenta size is 

proportional to the body and uterine size of the dam that is carrying the pregnancy (Swali and 

Wathes, 2007), no matter the genetic background of the fetus (Sharma et al., 2012). In case of 

nulliparous, there is also some nutrient availability limitation, because the dam is still growing and 

prioritize her own metabolism before the fetal survival. Other factors such as age at calving, milk 

production level during gestation (Kamal et al., 2014) and nutritional status (Sullivan et al., 2009) 

also influence birthweight and postnatal performance. In fact, the genetics of the parents are not 

as relevant as the uterine environment for the size of the offspring at birth (Swali and Wathes, 

2006; Kamal et al., 2014).  
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One relevant aspect is the association of inflammatory response with disturbance in the 

uterine environment. In humans, it is well elucidated that an inflammatory response is determinant 

for the embryo development, resulting in higher incidence of preterm births (Romero et al., 2007). 

However, in these cases, a birth is considered preterm when the gestation lasts less than 30 weeks. 

Epidemiological data show that more than 50% of the preterm cases are associated with 

inflammatory profile (Rogers and Velten, 2011). Still, in humans, these early labors commonly 

result in alive babies due to intense caring and monitoring of the mother. In dairy cattle, gestations 

shorter than 250 are uncommon (Vieira-Neto et al., 2017), and earlier parturitions end up classified 

as late abortion or stillbirth. However, it is known that diseases during the peripartum period are 

associated with higher pregnancy losses in the subsequent gestation (Ribeiro et al., 2016; Ribeiro 

and Carvalho, 2017). There may be a gap at this point, because the survival rate from a preterm 

birth in cattle is very low, and if they were born alive, may would have impaired postnatal 

performance. 

Few differences were found in fertility as a heifer between the groups. The proportion of 

heifers bred followed the same proportions of animals removed from the herd. The worse 

reproductive performance of daughters of multiparous cows may be associated with a higher 

negative nutritional balance on the dam during the period of conception and potential differences 

in lipid, glucose and insulin metabolism on the daughter. Previous research in ruminants have 

shown associations of nutritional status with lower follicular development during fetal life (Da 

Silva-Buttkus et al., 2003) and pituitary response to GnRH (Chavatte-Palmer et al., 2014), but no 

further evidences on reproductive physiology have been demonstrated. In addition, no research 

has investigated the maternal effects on reproductive performance using an holistic approach in 
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dairy cattle, mainly because there are several variables that can interfere on reproductive 

performance. It is possible to speculate that the overall energy and nutrient balance of the dam 

might have an impact on development of the reproductive tract of the fetus. 

Different levels of insulin and insulin sensitivity in calves have been associated with 

previous lactation milk production and gestation length of the dam (Kamal et al., 2015). However, 

how these metabolic factors can be related to later reproductive performance is still unclear. The 

occurrence of a clinical disease may also have some contribution to disrupt a normal metabolic 

profile and, therefore, help to explain the differences not only in reproduction, but the whole energy 

metabolism during postnatal life. The differences in reproductive performance, however did not 

last until the end of first lactation, as the only difference was on the proportion of animals bred for 

each group. However, the higher genetic prediction for daughters of heifers can justify this number, 

as they would have preference to be kept in the herd and to be bred. 

Although the overall morbidity incidence did not differ between the groups, a lower 

incidence of diarrhea and multiple disease as a heifer was observed in Mult-CD compared with 

Mult-NoCD. These differences explain the reduced morbidity during the second and third week of 

life in Mult-CD, when most cases of diarrhea happened. The difference in susceptibility to disease 

was also observed after first calving, when Mult-CD cows had less incidence of clinical diseases 

postpartum and reduced rate of morbidity than Mult-NoCD cows. The reduced susceptibility to 

diseases might be associated with developmental programming adaptation to survive in a harsh 

environment, as they developed in a uterine environment that was likely less favorable for proper 

growth (Ribeiro and Carvalho, 2017). A study in mice provides an example on how developmental 
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programming might affect the immune system of offspring (Williams et al., 2011). Researchers 

performed an immunological challenge with LPS in female mice shortly after breeding to induce 

inflammation when the zygotes were being generated, and kept a control group that was not 

challenged. The same LPS challenge was performed in the offspring of challenge and not 

challenged dams, and the inflammatory response to LPS was reduced in mice whose dam was also 

challenged at the time of conception. In addition, the LPS challenge reduced the blastocysts inner 

cell mass, as well as the ratio of inner cell mass to trophectoderm cells (Williams et al., 2011). 

Thus, inflammatory responses of the dam might affect not only embryo development in utero but 

might also result in postnatal consequences in pregnancies that survive to term.  

The observed milk production did not differ between daughters of cows and heifers over 

305-d lactation. When adjusted to their genetic potential, however, differences were observed. This 

has been reported previously by Siqueira et al. (2017). The reason for such difference in production 

is unknown. It could be associated with body weight, which was smaller in daughters of 

primiparous compared with daughters of multiparous. Previous research has investigated the 

relationship between birth body weight and milk production in the first lactation but the results are 

inconsistent (Swali and Wathes, 2006; Banos et al., 2007). Thus, it is possible that other 

development factors, not necessarily linked to body weight, are involved with the difference in 

milk production of first lactation cows according to the parity of their dams.  

Daughters of Prim-NoL had higher genetic potential for milk, fat and protein production. 

However, they produced less total fat over 305-d than Mult-NoCD daughters. Also, when the 

genetic predictions were included in the models, Prim-NoL produced less milk, fat and protein 
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during the first three DHIA official tests, and produced less milk during most of the first 14 weeks 

of lactation. In addition, the difference between predicted and observed production of fat and 

protein was higher in Prim-NoL compared to daughters of multiparous. Perturbations in the 

nutrient availability in the uterus may have relationship with energy metabolism (Kamal et al., 

2015), adipose tissue programming and consequent metabolism, which may also affect energy 

metabolism and milk production (Lukaszewski et al., 2013). However, further investigations are 

necessary to elucidate better the role of the dam and how precise the genetic prediction can be for 

daughters of animals in different conditions. 

Higher herd removal was observed in daughters of cows, while Multi-CD where culled 

more frequently and in higher rate than Multi-NoCD.  A substantive part of this association is due 

to sales, which does not allow further conclusions. However, there may be other factors not 

investigated in this study that led to differences in sales. In general, dairy producer keep the more 

desirable heifers and sell the less desirable heifers. Considering that daughters of primiparous have 

better genetics for milk production, it is understandable that less of these heifers will leave the 

herd. The difference in culling between daughters of multiparous cows that had or not disease, 

however, it is more difficult to explain. Genetics of these two groups were similar and daughters 

of cows that had disease had less diseases as heifer, which is a factor positively associated with 

culling. Thus, there might be some other factor(s), not captured in this study, that could explain 

this difference and, therefore, further research is needed. Other researchers found higher culling 

rates and lower milk production from daughters of higher producing cows compared to lower 

producing ones (Banos et al., 2007; Berry et al., 2008). Interestingly, daughters of primiparous 

cows had lower mortality rate both before and after calving compared to daughters of multiparous, 
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which also contributed to lower overall herd removal. It is important to note that the different 

culling rates between groups pre-selected the population that had first calving and further selected 

the ones that reached 305 DIM. This aspect can bring some bias for the results during first lactation, 

but it was part of the experimental design.  

3.6 Conclusions 

Compared with daughters of multiparous cows, daughters of primiparous cows were born 

after a shorter gestation, were lighter at birth, had better genetics for production traits, were less 

likely to die, to be sold, or to leave the herd as a heifer, were less likely to have late pregnancy 

losses as a heifer, were less likely to have clinical diseases and to die or to leave the herd as a first 

lactation cow, and had reduced lactation performance when considering their genetic potential. 

Compared with daughters of multiparous cows that did not have clinical diseases in the previous 

lactation, daughters of multiparous cows that had at least one clinical disease in the previous 

lactation were less likely to have diarrhea as a young heifer, less likely to have clinical diseases as 

a first lactation cow, but were more likely to be sold and to leave the herd as a heifer even though 

genetic merit for production traits were similar. Some of these differences listed above might 

represent examples of developmental programming of dairy heifers according to metabolic and 

health statuses of the dam during gestation. 
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Table 3.1: Genomic estimated breeding value (EBV) of production traits, and gestation and calving information of dairy heifers categorized according to 

parity and health status of their dams 1 

 Category according to the dam 1  Contrast 2 

Item Prim-NoL Mult-NoCD Mult-CD P C1 C2 

 -------------------- Adjusted mean ± SEM --------------------    

Genomic EBV, kg 3       

Milk 942.6 ± 13.0 a 811.2 ± 17.2 b 797.6 ± 22.6 b < 0.01 < 0.01 0.63 

Fat 33.6 ± 0.4 a 29.2 ± 0.4 b 28.8 ± 0.4 b < 0.01 < 0.01 0.68 

Protein 44.8 ± 0.6 a 38.2 ± 0.8 b 37 ± 1.0 b < 0.01 < 0.01 0.36 

Gestation length, days 272.3 ± 0.2 b 275.6 ± 0.2 a 275.6 ± 0.3 a < 0.01 < 0.01 0.93 

Dystocia, %  13.1 ± 1.0 b 17.8 ± 1.4 a 18.0 ± 1.8 a < 0.01 < 0.01 0.93 

Body weight at birth, kg 36.1 ± 0.13 b 41.4 ± 0.18 a 41.2 ± 0.23 a < 0.01 < 0.01 0.67 
1 Analyses include information of 2,669 heifers. From those, 1,322 (49.5%) were daughters of primiparous cows (Prim-NoL), 841 (31.5%) were daughters of 

multiparous cows that did not have clinical disease in previous lactation (Mult-NoCD), and 506 (19.0%) were daughters of multiparous cows that had clinical 

disease in previous lactation (Mult-CD). Clinical disease of multiparous cows included uterine diseases, mastitis, lameness, digestive and respiratory problems. 

Information regarding gestation length and dystocia was available for all heifers. Genomic information was available for 2,476 heifers (92.8%) and birth 

weight information was available for 2,639 heifers (98.9%). 
2 Orthogonal contrasts: C1 = effect of parity (Prim-NoL vs. Mult-NoCD + Mult-CD); C2 = effect of disease in the previous lactation (Mult-NoCD vs. Mult-

CD). 
3 Calculated as two times the genomic predicted transmission ability (PTA), which value was based on information of single nucleotide polymorphism obtained 

from a low density panel (Clarifide, Zoetis Genetics, Kalamazoo, MI). 
a,b,c Within a row, columns with different superscripts differ (P ≤ 0.05). 
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Table 3.2: Clinical health problems and culling from birth up to first calving in dairy heifers categorized according to parity and health status of their dams 

 Category according to the dam 1  Contrast 2 

Item Prim-NoL Mult-NoCD Mult-CD P C1 C2 

 -------------------- Adjusted mean ± SEM --------------------    

Diarrhea, % 24.6 ± 1.2 ab 25.9 ± 1.6 a 20.0 ± 2.0 b 0.07 0.33 0.02 

Pneumonia, % 49.8 ± 1.5 51.6 ± 2.0 51.0 ± 2.5 0.76 0.50 0.84 

Lameness, % 2.3 ± 0.4 2.2 ± 0.6 3.1 ± 0.9 0.65 0.65 0.40 

Other health problem, % 0.7 ± 0.3 b 2.8 ± 0.6 a 2.5 ± 0.8 a < 0.01 < 0.01 0.76 

Morbidity, % 61.6 ± 1.5 59.5 ± 1.9 59.6 ± 2.5 0.60 0.33 0.96 

Multiple health problems, % 19.5 ± 1.3 b 25.4 ± 1.7 a 18.9 ± 2.1 b < 0.01 0.20 0.02 

Mortality, %  8.5 ± 0.8 b 10.8 ± 1.2 ab 12.4 ± 1.6 a 0.05 0.02 0.40 

Sold, % 8.3 ± 0.7 c 12.9 ± 1.2 b 19.0 ± 1.9 a < 0.01 < 0.01 < 0.01 

Left the herd, % 17.5 ± 1.1 c 24.3 ± 1.6 b 32.0 ± 2.2 a < 0.01 < 0.01 < 0.01 
1 Analyses include information of 2,669 heifers. From those, 1,322 (49.5%) were daughters of primiparous cows (Prim-NoL), 841 (31.5%) were daughters of 

multiparous cows that did not have clinical disease in previous lactation (Mult-NoCD), and 506 (19.0%) were daughters of multiparous cows that had clinical 

disease in previous lactation (Mult-CD). Clinical disease of multiparous cows included uterine diseases, mastitis, lameness, digestive and respiratory problems.  
2 Orthogonal contrasts: C1 = effect of parity (Prim-NoL vs. Mult-NoCD + Mult-CD); C2 = effect of disease in the previous lactation (Mult-NoCD vs. Mult-CD). 
a,b,c Within a row, columns with different superscripts differ (P ≤ 0.05). 
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Table 3.3: Rate of morbidity and culling from birth up to first calving in dairy heifers categorized according to parity and health status of their dams 1 

 Category according to the dam 1  Contrast 2 

Item Prim-NoL Mult-NoCD Mult-CD P C1 C2 

 ---------- Adjusted hazard ratio (95% confidence interval) ----------    

Morbidity 3 1.00 (0.90 – 1.12) 1.0 (reference) 0.92 (0.80 – 1.05) 0.38 0.37 0.22 

Mortality 0.75 (0.57 – 0.98) b 1.0 (reference) a 1.08 (0.78 – 1.48) a 0.03 < 0.01 0.65 

Sales 0.57 (0.43 – 0.74) c 1.0 (reference) b 1.49 (1.13 – 1.97) a < 0.01 < 0.01 < 0.01 

Culling 4 0.65 (0.54 – 0.79) c 1.0 (reference) b 1.29 (1.04 – 1.59) a < 0.01 < 0.01 0.02 
1 Analyses include information of 2,669 heifers. From those, 1,322 (49.5%) were daughters of primiparous cows (Prim-NoL), 841 (31.5%) were daughters of 

multiparous cows that did not have clinical disease in previous lactation (Mult-NoCD), and 506 (19.0%) were daughters of multiparous cows that had clinical 

disease in previous lactation (Mult-CD). Clinical disease of multiparous cows included uterine diseases, mastitis, lameness, digestive and respiratory problems.  
2 Orthogonal contrasts: C1 = effect of parity (Prim-NoL vs. Mult-NoCD + Mult-CD); C2 = effect of disease in the previous lactation (Mult-NoCD vs. Mult-

CD). 
3 Interval to first clinical health problem. 
4 Interval to leave the herd, including mortality and sales. 
a,b,c Within a row, columns with different superscripts differ (P ≤ 0.05). 



 

 

82 

 

Table 3.4: Reproductive outcomes in dairy heifers categorized according to parity and health status of their dams 1 

 Category according to the dam 1  Contrast 2 

Item Prim-NoL Mult-NoCD Mult-CD P C1 C2 

 -------------------- Adjusted mean ± SEM --------------------    

Bred at least once, % 86.9 ± 1.0 a 82.2 ± 1.6 b 77.5 ± 2.1 b < 0.01 < 0.01 0.07 

Age at first breeding, days 397.0 ± 0.5 396.4 ± 0.7 397.0 ± 1.0 0.80 0.71 0.65 

Age at first pregnancy, days 427.7 ± 1.5 428.2 ± 2.1 428.8 ± 2.9 0.94 0.73 0.88 

Age at first calving, days 704.9 ± 1.8 709.4 ± 2.5 709.4 ± 3.6 0.24 0.11 0.99 

Gestation length, days  271.4 ± 0.2 270.9 ± 0.3 270.8 ± 0.4 0.23 0.09 0.92 

Outcomes of first breeding       

Pregnant d 45, % 51.4 ± 1.5 47.9 ± 2.3 45.8 ± 3.2 0.19 0.07 0.58 

Calving, % 44.5 ± 1.5 a 40.8 ± 2.3 ab 36.2 ± 3.2 b 0.05 0.02 0.24 

Pregnancy loss after d 45, % 10.6 ± 1.5 b 11.7 ± 2.5 ab 19.8 ± 3.8 a 0.04 0.07 0.07 

Outcomes for all breeding combined       

Pregnant d 45, % 99.2 ± 0.2 97.9 ± 6.9 97.7 ± 0.6 0.99 0.96 0.99 

Calving, % 95.8 ± 0.6 94.0 ± 0.9 93.2 ± 1.6 0.13 0.04 0.68 

Pregnancy loss after d 45, % 8.8 ± 0.9 b 12.6 ± 1.5 a 14.7 ± 2.1 a < 0.01 < 0.01 0.41 
1 Analyses include information of 2,669 heifers. From those, 1,322 (49.5%) were daughters of primiparous cows (Prim-NoL), 841 (31.5%) were daughters of 

multiparous cows that did not have clinical disease in previous lactation (Mult-NoCD), and 506 (19.0%) were daughters of multiparous cows that had clinical 

disease in previous lactation (Mult-CD). Clinical disease of multiparous cows included uterine diseases, mastitis, lameness, digestive and respiratory problems.  
2 Orthogonal contrasts: C1 = effect of parity (Prim-NoL vs. Mult-NoCD + Mult-CD); C2 = effect of disease in the previous lactation (Mult-NoCD vs. Mult-

CD). 
a,b,c Within a row, columns with different superscripts differ (P ≤ 0.05). 
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Table 3.5: Rate of breeding and pregnancy in dairy heifers categorized according to parity and health status of their dams 1 

 Category according to the dam 1  Contrast 2 

Item Prim-NoL Mult-NoCD Mult-CD P C1 C2 

 ---------- Adjusted hazard ratio (95% confidence interval) ----------    

Breeding 0.98 (0.89 – 1.08) 1.0 (reference) 0.94 (0.8 – 1.07) 0.66 0.91 0.37 

Pregnancy 3  1.06 (0.96 – 1.17) 1.0 (reference) 1.02 (0.90 – 1.16) 0.51 0.31 0.74 

Successful pregnancy 4   1.13 (1.02 – 1.25) a 1.0 (reference) b 1.0 (0.87 – 1.10) ab 0.02 < 0.01 0.97 
1 Analyses include information of 2,233 heifers that were moved to breeding pen and had the opportunity to be inseminated. From those, 1,154 (51.7%) were 

daughters of primiparous cows (Prim-NoL), 683 (30.6%) were daughters of multiparous cows that did not have clinical disease in previous lactation (Mult-

NoCD), and 396 (17.7%) were daughters of multiparous cows that had clinical disease in previous lactation (Mult-CD). Clinical disease of multiparous cows 

included uterine diseases, mastitis, lameness, digestive and respiratory problems.  
2 Orthogonal contrasts: C1 = effect of parity (Prim-NoL vs. Mult-NoCD + Mult-CD); C2 = effect of disease in the previous lactation (Mult-NoCD vs. Mult-

CD). 
3 Interval to pregnancy. The day of pregnancy was considered the day of the first breeding that resulted in positive pregnancy diagnosis 45 d after breeding. 
4 Interval to pregnancy that resulted in a new calving. The day of successful pregnancy was considered the day of breeding that resulted in pregnancy that 

survived to term. 
a,b,c Within a row, columns with different superscripts differ (P ≤ 0.05).



 

 

84 

 

Table 3.6: Clinical health problem and culling up to 305 days in milk in first lactation cows categorized according to parity and health status of their dams 
1 

 Category according to the dam 1  Contrast 2 

Item Prim-NoL Mult-NoCD Mult-CD P C1 C2 

 ---------- Adjusted mean ± SEM ----------    

Incidence of clinical disease, %       

All diseases 30.8 ± 1.4 b 40.3 ± 2.2 a 31.8 ± 2.8 b < 0.01 0.02 0.02 

Non-uterine only 19.3 ± 1.2 b 24.2 ± 1.9 a 17.9 ± 2.4 b 0.04 0.43 0.05 

Uterine only 14.6 ± 1.1 b 20.3 ± 1.7 a 16.5 ± 2.2 ab 0.02 0.04 0.19 

Dead, %  2.0 ± 0.4 b 4.3 ± 0.9 a 3.3 ± 1.1 ab 0.05 0.04 0.51 

Sold, % 9.0 ± 0.9 9.6 ± 1.4 12.0 ± 2.0 0.36 0.25 0.31 

Left, % 11.3 ± 1.0 14.6 ± 1.5 15.4 ± 2.2 0.08 0.02 0.76 
1 Analyses include information of 2,058 first lactation cows. From those, 1,084 (52.7%) were daughters of primiparous cows (Prim-NoL), 627 (30.5%) were 

daughters of multiparous cows that did not have clinical disease in previous lactation (Mult-NoCD), and 347 (16.9%) were daughters of multiparous cows 

that had clinical disease in previous lactation (Mult-CD). Clinical disease of multiparous cows included uterine diseases, mastitis, lameness, digestive and 

respiratory problems.  
2 Orthogonal contrasts: C1 = effect of parity (Prim-NoL vs. Mult-NoCD + Mult-CD); C2 = effect of disease in the previous lactation (Mult-NoCD vs. Mult-

CD). 
3 Include retained placenta and metritis in the first 21 days postpartum. 
4 Include mastitis, lameness, digestive and respiratory problems from calving up to 305 days in milk. 
5 Include uterine and non-uterine disease as described above.  
a,b,c Within a row, columns with different superscripts differ (P ≤ 0.05). 
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Table 3.7: Rate of morbidity and culling up to 305 days in milk in first lactation cows categorized according to parity and health status of their dams 1 

 Category according to the dam 1  Contrast 2 

Item Prim-NoL Mult-NoCD Mult-CD P C1 C2 

 ---------- Adjusted hazard ratio (95% confidence interval) ----------    

Morbidity 3       

All clinical diseases 4 0.73 (0.62 – 0.86) b 1.00 (reference) a 0.77 (0.61 – 0.96) b < 0.01 0.02 0.02 

Non-uterine diseases only 5 0.79 (0.64 – 0.97) b 1.00 (reference) a 0.73 (0.54 – 0.98) b 0.03 0.42 0.03 

Mortality 0.58 (0.33 – 0.99) ab 1.00 (reference) a 0.84 (0.42 – 1.67) ab 0.14 0.08 0.62 

Sales 0.87 (0.63 – 1.19) 1.00 (reference) 1.15 (0.78 – 1.70) 0.30 0.14 0.48 

Culling 4 0.79 (0.60 – 1.03) 1.00 (reference) 1.06 (0.76 – 1.49) 0.10 0.03 0.72 
1 Analyses include information of 2,058 first lactation cows. From those, 1,084 (52.7%) were daughters of primiparous cows (Prim-NoL), 627 (30.5%) were 

daughters of multiparous cows that did not have clinical disease in previous lactation (Mult-NoCD), and 347 (16.9%) were daughters of multiparous cows 

that had clinical disease in previous lactation (Mult-CD). Clinical disease of multiparous cows included uterine diseases, mastitis, lameness, digestive and 

respiratory problems. 
2 Orthogonal contrasts: C1 = effect of parity (Prim-NoL vs. Mult-NoCD + Mult-CD); C2 = effect of disease in the previous lactation (Mult-NoCD vs. Mult-

CD). 
3 Interval to first clinical health problem. 
4 Include retained placenta, metritis, mastitis, lameness, digestive and respiratory problems.  
5 Include mastitis, lameness, digestive and respiratory problems. 

6 Interval to leave the herd, including mortality and sales. 
a,b,c Within a row, columns with different superscripts differ (P ≤ 0.05).
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Table 3.8: Reproductive outcomes in first lactation cows categorized according to parity and health status of their dams 1 

 Category according to the dam 1  Contrast 2 

Item Prim-NoL Mult-NoCD Mult-CD P C1 C2 

 -------------------- Adjusted mean ± SEM --------------------    

Bred at least once, % 3 96.7 ± 0.6 a 96.1 ± 1.1 ab 92.5 ± 1.6 b < 0.01 0.04 0.07 

Outcomes of first breeding postpartum       

Pregnant d 45, % 37.3 ± 2.0 36.8 ± 2.4 39.6 ± 3.6 0.80 0.75 0.51 

Calving, % 31.4 ± 2.0 30.2 ± 2.3 33.4 ± 2.5 0.74 0.91 0.44 

Pregnancy loss after d 45, % 14.5 ± 2.4 16.0 ± 3.1 14.1 ± 4.0 0.90 0.88 0.71 

Outcomes for all breeding combined       

Pregnant d 45, % 91.7 ± 0.9 90.2 ± 1.3 91.0 ± 1.9 0.66 0.48 0.74 

Calving, % 83.7 ± 1.2 81.2 ± 1.8 81.5 ± 2.5 0.43 0.22 0.94 

Pregnancy loss after d 45, % 13.4 ± 1.6 15.3 ± 2.1 14.4 ± 3.0 0.76 0.56 0.79 
1 Analyses include information of 1,991 first lactation cows. From those, 1,049 (52.7%) were daughters of primiparous cows (Prim-NoL), 605 (30.4%) were 

daughters of multiparous cows that did not have clinical disease in previous lactation (Mult-NoCD), and 337 (16.9%) were daughters of multiparous cows 

that had clinical disease in previous lactation (Mult-CD). Clinical disease of multiparous cows included uterine diseases, mastitis, lameness, digestive and 

respiratory problems.  
2 Orthogonal contrasts: C1 = effect of parity (Prim-NoL vs. Mult-NoCD + Mult-CD); C2 = effect of disease in the previous lactation (Mult-NoCD vs. Mult-

CD). 
3 Proportion of eligible cows that were bred at least once. 

a,b,c Within a row, columns with different superscripts differ (P ≤ 0.05). 
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Table 3.9: Milk yield and components in first lactation cows categorized according to parity and health status of their dams 1 

 Category according to the dam 1  Contrast 2 

Item Prim-NoL Mult-NoCD Mult-CD P C1 C2 

 --------------- Adjusted means ± SEM ---------------    

Model without GEBV 3       

Milk yield, kg    0.75 0.63 0.67 

First test 35.4 ± 0.2 35.4 ± 0.3 35.4 ± 0.4    

Second test 39.5 ± 0.2 39.9 ± 0.2 39.7 ± 0.3    

Third test 40.3 ± 0.2 40.6 ± 0.2 40.2 ± 0.3    

Fat, kg    0.40 0.18 0.81 

First test 1.30 ± 0.01 1.31 ± 0.01 1.33 ± 0.02    

Second test 1.34 ± 0.01 1.35 ± 0.01 1.36 ± 0.02    

Third test 1.35 ± 0.01 1.36 ± 0.01 1.35 ± 0.02    

Protein, kg    0.74 0.75 0.56 

First test 1.07 ± 0.01 1.07 ± 0.01 1.07 ± 0.01    

Second test 1.15 ± 0.01 1.16 ± 0.01 1.15 ± 0.01    

Third test 1.18 ± 0.01 1.19 ± 0.01 1.18 ± 0.01    

305-d yield, kg 4       

Milk 11,283 ± 45.1 11,330 ± 64.1 11,287 ± 92.7 0.83 0.73 0.70 

Fat 403.9 ± 1.8 409.9 ± 2.5 409.5 ± 3.7 0.10 0.04 0.93 

Protein 344.0 ± 1.2 345.5 ± 1.7 343.9 ± 2.5 0.77 0.72 0.62 

Model with GEBV 3       

Milk yield, kg    0.02 < 0.01 0.91 

First test 35.2 ± 0.2 35.6 ± 0.3 35.8 ± 0.4    

Second test 39.3 ± 0.2 b 40.2 ± 0.2 a 40.2 ± 0.3 a    

Third test 40.1 ± 0.2 40.8 ± 0.2 40.6 ± 0.3    

Fat, kg    < 0.01 < 0.01 0.42 

First test 1.29 ± 0.01 b 1.33 ± 0.01 a 1.35 ± 0.01 a    

Second test 1.33 ± 0.01 b 1.37 ± 0.01 a 1.38 ± 0.01 a    

Third test 1.34 ± 0.01 b 1.38 ± 0.01 a 1.37 ± 0.01 a    

Protein, kg       

First test 1.07 ± 0.01 1.07 ± 0.01 1.08 ± 0.01 0.12 0.06 0.75 

Second test 1.14 ± 0.01 b 1.17 ± 0.01 a 1.16 ± 0.01 ab    

Third test 1.18 ± 0.01 b 1.20 ± 0.01 a 1.19 ± 0.01 ab    

305-d yield, kg 4       

Milk 11,214 ± 40.7 b 11,390 ± 58.2 a 11,420 ± 84.2 a 0.01 < 0.01 0.77 

Fat 403.1 ± 1.8 b 409.9 ± 2.6 a 410.9 ± 3.7 ab 0.04 0.01 0.83 

Protein 342.6 ± 1.2 b 346.6 ± 1.7 a 346.8 ± 2.4 ab 0.07 0.03 0.95 
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1 Analyses include information of 1,976 first lactation cows. From those, 1,041 (52.7%) were daughters of primiparous cows (Prim-NoL), 602 (30.5%) were 

daughters of multiparous cows that did not have clinical disease in previous lactation (Mult-NoCD), and 333 (16.8%) were daughters of multiparous cows 

that had clinical disease in previous lactation (Mult-CD). Clinical disease of multiparous cows included uterine diseases, mastitis, lameness, digestive and 

respiratory problems.  
2 Orthogonal contrasts: C1 = effect of parity (Prim-NoL vs. Mult-NoCD + Mult-CD); C2 = effect of disease in the previous lactation (Mult-NoCD vs. Mult-

CD). 
3 For each dependent variable analyzed, two statistical models were applied. One included and the other did not include genomic estimated breeding value 

(GEBV) as a covariable in the model. 
4 305-d yield = actual 305-d yields for cows that stayed for 305 days in the herd, and projected yields for cows whose lactation lasted from 100 to 304 days. 

Cows whose lactation was shorter than 100 days were not included in the analyses of 305-d yields.  
a,b,c Within a row, columns with different superscripts differ (P ≤ 0.05). 
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Table 3.10: Predicted and observed 305-d yields for milk, fat and protein in first lactation cows categorized 

according to parity and health status of their dams 1 

 Category according to the dam 1  Contrast 2 

Item Prim-NoL Mult-NoCD Mult-CD P C1 C2 

 ------------------ Adjusted mean ± SEM ------------------    

305-d milk yield, kg 3       

Predicted 11,327 ± 6.9 a 11,283 ± 9.9 b 11,259 ± 14.4 b < 0.01 < 0.01 0.17 

Observed 11,285 ± 45.5 11,332 ± 65.1 11,290 ± 94.1 0.84 0.72 0.72 

Difference between 

observed and predicted 

-41.5 ± 42.8 49.0 ± 61.3 31.5 ± 88.5 0.43 0.23 0.87 

305-d fat yield, kg 3       

Predicted 407.1 ± 0.2 a 405.6 ± 0.3 b 404.8 ± 0.4 b < 0.01 < 0.01 0.08 

Observed 403.9 ± 1.8 409.3 ± 2.7 409.4 ± 3.7 0.16 0.06 0.97 

Difference between 

observed and predicted 

-3.1 ± 1.8 b 3.6 ± 2.5 a 4.6 ± 3.7 a 0.03 0.01 0.82 

305-d protein yield, kg 3       

Predicted 346.1 ± 0.3 a 343.5 ± 0.4 b 342.6 ± 0.6 b < 0.01 < 0.01 0.19 

Observed 344.1 ± 1.2 345.4 ± 1.8 344.1 ± 2.5 0.81 0.73 0.68 

Difference between 

observed and predicted 

-2.0 ± 1.2 1.9 ± 1.7 1.5 ± 2.5 0.12 0.05 0.89 

1 Analyses include information of 1,899 first lactation cows that had genomic information and 305-d yield information. 

From those, 1,009 (53.1%) were daughters of primiparous cows (Prim-NoL), 575 (30.3%) were daughters of 

multiparous cows that did not have clinical disease in previous lactation (Mult-NoCD), and 315 (16.6%) were 

daughters of multiparous cows that had clinical disease in previous lactation (Mult-CD). Clinical disease of 

multiparous cows included uterine diseases, mastitis, lameness, digestive and respiratory problems.  
2 Orthogonal contrasts: C1 = effect of parity (Prim-NoL vs. Mult-NoCD + Mult-CD); C2 = effect of disease in the 

previous lactation (Mult-NoCD vs. Mult-CD). 
3 305-d yield = actual 305-d yields for cows that stayed for 305 days in the herd, and projected yields for cows whose 

lactation lasted from 100 to 304 days. Cows whose lactation was shorter than 100 days were not included in the 

analyses of 305-d yields. 

a,b,c Within a row, columns with different superscripts differ (P ≤ 0.05). 
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Figure 3.1 Incidence and cumulative incidence of first clinical health problem in dairy heifers categorized according 

to parity and health status of their dams as: daughter of primiparous cows (Prim-NoL; n = 1,322), daughter of 

multiparous cows that did not have clinical disease in the previous lactation (Mult-NoCD; n = 841), and daughter of 

multiparous cows that had clinical disease in the previous lactation (Mult-CD; n = 506). a,b Within week, different 

letters represent statistical differences between the respective bars (P < 0.05). 
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Figure 3.2: Survival probabilities of culling (A), mortality (B), and sale (C) of dairy heifers categorized according to 

parity and health status of their dams as: daughter of primiparous cows (Prim-NoL; n = 1,322), daughter of multiparous 

cows that did not have clinical disease in the previous lactation (Mult-NoCD; n = 841), and daughter of multiparous 

cows that had clinical disease in the previous lactation (Mult-CD; n = 506). 
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Figure 3.3: Survival probabilities of clinical diseases (A) and non-uterine clinical diseases (B) morbidity of first 

lactation cows (n = 2,058) categorized according to parity and health status of their dams as: daughter of primiparous 

cows (Prim-NoL; n = 1,084), daughter of multiparous cows that did not have clinical disease in the previous lactation 

(Mult-NoCD; n = 627), and daughter of multiparous cows that had clinical disease in the previous lactation (Mult-

CD; n = 347). Clinical diseases included retained placenta, metritis, mastitis, lameness, digestive and respiratory 

problems. Non-uterine clinical diseases included mastitis, lameness, digestive and respiratory problems. 
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Figure 3.4: Proportion of first lactation cows that did not have clinical health problems as heifers and as cows up to 

305 days in milk categorized according to to parity and health status of their dams as: daughter of primiparous cows 

(Prim-NoL; n = 1,084), daughter of multiparous cows that did not have clinical disease in the previous lactation (Mult-

NoCD; n = 627), and daughter of multiparous cows that had clinical disease in the previous lactation (Mult-CD; n = 

347). The resulting probability values were: group = 0.04; contrast of Prim-NoL vs. Mult-NoCD + Mult-CD = 0.31; 

contrast of Mult-NoCD vs. Mult-CD = 0.01. Error bars represent the standard errors of the means. a,b,c Bars with 

different superscripts differ (P ≤ 0.05). 
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Figure 3.5: Average daily milk yield summarized weekly of first lactation cows (n = 1,927) categorized according to parity and health status of their dams 

as: daughter of primiparous cows (Prim-NoL; n = 1,022), daughter of multiparous cows that did not have clinical disease in the previous lactation (Mult-

NoCD; n = 581), and daughter of multiparous cows that had clinical disease in the previous lactation (Mult-CD; n = 324). Panels A and B were created with 

adjusted least square means and standard errors of the means for the same data but using different statistical models. Model of panel A includes the fixed 

effects of group, time, and group by time interaction in addition to the random effect of cows nested within group. Model of panel B is identical to A but 

included the genomic predicted transmitting ability for milk production as a covariable.  In panel A, the resulting probability values were: group = 0.35; time 

< 0.01; group by time interaction = 0.11; contrast of Prim-NoL vs. Mult-NoCD + Mult-CD = 0.15; contrast of Mult-NoCD vs. Mult-CD = 0.82. In panel B, 

the resulting probability values were: group < 0.01; time < 0.01; group by time interaction < 0.01; contrast of Prim-NoL vs. Mult-NoCD + Mult-CD < 0.01; 

contrast of Mult-NoCD vs. Mult-CD = 0.40. Within a week, pairwise statistical differences (P < 0.05) in both panels are represented as: * Prim-NoL ≠ Mult-

NoClinD; ¶ Prim-NoL ≠ Mult-ClinD; and § Mult-NoClinD ≠ Mult-ClinD. 
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4 GENERAL DISCUSSION 

4.1 Relevant findings 

The chapters 2 and 3 bring research findings related to disease occurrence during the 

lactation. Chapter 2 reveals associations of diseases within 21 DIM with reproductive and 

productive performance, and herd survival. In Chapter 3, the study shows the associations of 

lactation status and diseases during lactation of the dam with morbidity, herd survival, reproductive 

and productive performance of their daughters from calving up to 305 DIM of the first lactation. 

The first two studies in Chapter 2 presented new findings associating the occurrence of clinical 

case during the first 21 DIM with milk, fat and protein production, lactation dynamics, 

reproductive performance and herd survival up to 305 DIM. It also investigated the effects of 

multiple clinical diseases, as well as the occurrence of uterine, non-uterine or both during the first 

three weeks of lactation. In regard of milk production, cows that experienced some clinical case 

had lower milk daily milk production during the first 14 weeks of lactation and over 305 d, while 

cows with more than one disease case had even lower production. Regarding the type of disease, 

both uterine and non-uterine had similar decrease in milk, fat and protein yields over 305 d, while 

the combination of both was associated with further decrease in yields. The dynamics of the 

lactation was also associated with health disorders, as cows that were healthy had higher and earlier 

peak production compared to cows that had disease. In the same chapter, another study using just 

first lactation cows with genomic prediction information showed that the cows that suffered any 

disease within 21 DIM had lower production, even though their genetic potential for milk and 

components production was similar to the predicted values for cows that did not have disease. It 

is important to recognize that the herd used in this study does not represent the average herd in 
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North America in terms of production, so that the estimated differences for production traits may 

not be as high as in this particular farm, requiring further investigation to elucidate the 

consequences to milk production in relation to genetic potential. 

Other findings are related to reproductive performance and herd survival. To our knowledge, 

this is the first evidence that diseases during the initial weeks of lactation reduced fertility even 

after more than 200 d of lactation. Previous studies associated diseases with overall decreased 

reproductive performance over the lactation but did not investigate if the impairment was due 

worse performance during the beginning or if this was continuous. In our study, we found that a 

disease within 21 DIM reduced conception per breeding up to 150 DIM, but cows with disease 

had more pregnancy losses after a positive pregnancy diagnosis from breeding that occurred up to 

305 DIM. Uterine or non-uterine disease alone or both were also associated with higher pregnancy 

losses. Lastly, the cows that experienced some disease during the beginning of the lactation had 

higher mortality, mostly in a period close to the clinical case. However, during later lactation, cows 

with disease within 21 DIM were culled more frequently than those ones that were healthy. 

Regarding type of disease, both uterine and non-uterine alone were positively related to culling 

rate, while the combination of both further reduced herd survival. When the cows that were culled 

within 21 DIM were removed from the analysis, the relationships between disease and higher 

culling were still present. Therefore, it is likely that the higher culling rate is associated with the 

lower fertility and milk production during 305 d observed in cows that had disease. 

The findings in Chapter 3 were related to the performance of dairy heifers from birth up to 

305 DIM of first lactation according to the status of their dams. Daughters of cows that began their 

first lactation were compared to daughters of multiparous cows that had disease and multiparous 
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cows that did not have disease during the lactation in which they became pregnant of that heifer. 

Although heifers born from multiparous and primiparous had similar overall morbidity before first 

calving, daughters of primiparous had lower mortality, overall culling, and late pregnancy losses 

as a heifer, and lower morbidity, mortality and overall culling as a first lactation cow. In addition, 

daughters of primiparous had lower 305-d yields of milk, fat, and protein when these outcomes 

were adjusted to their respective genomic EBV. The comparison of daughters of multiparous cows 

that had or not clinical diseases the lactation preceding their birth revealed novel and interesting 

findings that might be associated with developmental programming of dairy heifers. Daughters of 

cows that had clinical diseases had reduced morbidity as a heifer and as a first lactation cows. 

Nonetheless, they were more likely to leave the herd compared with daughters of multiparous cows 

that did not have clinical diseases.  

4.2 Future research opportunities 

Although there is evidence suggesting that clinical diseases during the postpartum period 

have significant impact in different aspects of production, there are gaps that still need to be 

addressed. A disease is completely undesirable in terms of animal welfare, considering that health 

is a basic principle. However, there is a lack of evidence on the length of negative impact and long-

term consequences of a clinical case on future health, performance and welfare. Longevity and 

welfare of livestock animals and food safety are three main concerns in modern dairy production 

systems because they are consumers’ demands, so more efforts should be made to better 

understand the prolonged consequences. 
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Up to this point, most of the research involving clinical diseases in lactating dairy cows has 

given greater emphasis on short and mid-term outcomes, and less attention to long-term effects. 

Also, most of the studies have investigated the effects of one or a specific group of diseases, such 

as uterine diseases, other than a holistic approach. Some aspects contribute to this scenario, such 

as lack of accurate and consistent data over time, small sample size, confounding factors, and a 

lack of standardized and well designed methodology for classification of some parameters such as 

culling. The aspects discussed above contribute to the lack of research done and resources 

addressed to investigate the consequences of disease. In this regard, it is essential to stimulate and 

to train producers and herdsmen to record accurate data about diseases and the outcomes of the 

cases. During the last few years, several technologies involving sensors have been developed to 

generate data related to production, reproduction, health and behavior in dairy cows. It is critical 

to understand and integrate these data to help producers detecting sick animals, monitoring them 

until fully recovery, and optimizing their performance. Altogether, these technologies may be an 

important aid on farm management and decision making. 

Furthermore, the lack of accurate information regarding diseases creates yet another 

difficulty to economic simulations regarding the impact of clinical diseases. With the evidence that 

clinical diseases are associated with reduced milk production, reduced reproductive performance, 

and increased culling rate in the long-term, new economic estimations should include these factors. 

In fact, it is possible to speculate that the economic impact may be even higher than it has been 

reported because milk production is the main income source in dairy farms (MacDonald et al., 

2007), while mortality during early lactation represents the worst culling scenario in terms of 

economical loss (Galligan et al., 2006). In addition, the occurrence of disease led to shorter 
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offspring herd survival, as well as lower production in first and later lactation cows. This is 

particularly relevant because a disease may indirectly increase rearing costs while shorten herd 

survival, reducing genetic gain and underusing the production capacity. These factors are critical 

points to the profitability in dairy systems (Galligan et al., 2006). 

Along with economical assessment, the findings emphasize the importance of tackling the 

disease resistance concern in dairy cattle using different tools, such as management and feeding 

strategies, nutraceutical products, real time sensors, genetic information and others. In addition, 

investigating new strategies to minimize the consequences after the clinical case occurred is also 

another possible field of study. To achieve that, it is first necessary to investigate better the 

biological mechanisms associated with lower milk production and impaired reproductive 

performance. Subsequently, it may be possible to understand how to minimize the effects of these 

mechanisms and thus develop strategies that can reduce the impact in the mid- and the long-term. 

Regarding developmental programming, this is a relatively new field of study in the bovine. 

Few studies have been done in dairy cattle, although they are a particularly interesting model to 

study these aspects, because of their production cycle that involves conception during a period in 

which several cows are in a negative energy balance state. Also, it is normally expected that these 

cows gain some weight during lactation and gestation. With the increasing use of new tools such 

as the -omics, it is possible to better elucidate the mechanisms associated with in utero 

programming and the consequences in later life. Although research of this nature involves several 

factors that can make it not viable, better understanding on how different factors can affect the 

uterine environment in cattle will help to determine management and strategies to minimize losses. 
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4.3 Findings implications 

The occurrence of diseases and their consequences have several implications in a dairy farm, 

so understanding the dynamics of these problems is essential. Our findings contribute to reinforce 

the need of preventing clinical diseases especially during the postpartum period. Also, it may lead 

to the development of new strategies to detect the cows that are in higher risk of developing clinical 

diseases before it occurs, even before calving. Previous research revealed some differences 

between dairy cows during the prepartum period that were associated with disease occurrence 

(Huzzey et al., 2007; Galvão et al., 2013; Chebel el al., 2018). Identifying these cows and providing 

them extra care should be an alternative to reduce the incidence of diseases. Genetic selection 

based on metabolic, physiological and behavior patterns associated with lower disease incidence 

is another aspect that may be addressed in the future.  

For cows that develop a clinical case, our findings suggest that health information 

postpartum could be used for decision-making. The fact that cows that have clinical disease 

postpartum produce less milk and have lower fertility could be considered when determining the 

amount of efforts or investments on reproductive tools and technologies, drugs to treat certain 

diseases, as well as when making decisions on which cows should be kept or not in the herd. In 

Canada, where the production supply limits the amount of milk that can be sold, this is particularly 

relevant because cows that develop disease have lower chance to survive during that lactation and 

are less productive. Therefore, considering health information at the time of decision making may 

be a good strategy to avoid future underuse of production capacity. 
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Another interesting aspect would be the inclusion of diseases aspects in the milk, fat and 

protein projections for the whole lactation, as well as for genetic selection. The association of 

clinical diseases with productive traits can help to increase accuracy of projections made, but 

further investigation is necessary to elucidate the lactational dynamics during later stages of 

lactation. Also, the associations between genetic predictions for health traits with production traits 

and economical indexes could include factors associated with disease occurrence to improve 

accuracy of selection.  

These aspects are also valid for calves that are born from cows that had or had not disease. 

It is possible to use this information to evaluate and take decisions regarding removal of heifers 

during early life. Although this aspect would not be the sole reason for such decision, it can be 

used as an additional piece of information to be considered when determining the ones to be kept 

or not in the herd. 
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