
 

 

 

NEW INSIGHTS INTO POSTPARTUM UTERINE DISEASES OF DAIRY COWS 

 

 

 

 

 

 

 

A Dissertation 

Presented to the Faculty of the Graduate School 

of Cornell University 

In Partial Fulfillment of the Requirements for the Degree of 

Doctor of Philosophy 

 

 

 

 

 

 

by 

Vinicius Silva Machado 

May 2015 



 

 

 

 

 

 

 

 

 

 

 

 

© 2015 Vinicius Silva Machado 



 

NEW INSIGHTS INTO POSTPARTUM UTERINE DISEASES OF DAIRY COWS 

 

Vinicius Silva Machado, DVM, Ph. D. 

Cornell University 2015 

 Uterine diseases of dairy cows have a negative impact in the dairy industry 

because they are prevalent, contribute to economic losses and are an animal welfare 

issue. This dissertation was conducted to advance our knowledge of uterine diseases of 

dairy cows. A series of studies was conducted to: i) Develop new strategies to better 

diagnose endometritis, ii) Advance the understanding of the intrauterine microbiota 

associated with the presence of uterine diseases, iii) Evaluate the association between 

the cow’s immune system and uterine diseases, and iv) Evaluate different strategies to 

prevent and treat uterine diseases, and improve reproductive performance. 

 Chapter 2 described that uterine lavage sample optical density measured at 620 

nm can be used as a diagnostic tool for clinical endometritis. In Chapter 3 and 4, it was 

reported that intrauterine treatments of mannose or a bacteriophage cocktail against E. 

coli, and intrauterine infusion of dextrose, were ineffective to prevent or treat uterine 

diseases. Chapter 9 describes that subcutaneous immunization with components of 

Escherichia coli, Fusobacterium necrophorum and Trueperella pyogenes prevented 

puerperal metritis. 

 Chapters 5, 6, and 7 describe three studies evaluating the benefits of injectable 

trace mineral supplementation (ITMS) during the transition period. ITMS improved 

mammary gland health, decreased clinical endometritis incidence, improved the anti-

oxidant status of cows, and decreased the intrauterine presence of known intrauterine 

pathogens. 



 

Findings from Chapter 3, 7, and 9 reinforces the importance of E. coli, T. 

pyogenes, and F. necrophorum as etiological agents of uterine diseases. The first 

complete genome sequence of Trueperella pyogenes is reported in Chapter 8. 

 Findings from chapter 9 imply that adaptive immunity is playing a role in the 

uterine defense, and that immunoglobulins are protective against uterine bacterial 

infection. This is also supported by findings from Chapter 10, which describes that 

higher blood levels of natural antibodies are positively associated with postpartum 

uterine health. 

 In summary, this dissertation contributed to the current knowledge on several 

aspects of postpartum uterine diseases of dairy cows, but further research is needed to 

advance the knowledge on the pathogenesis of uterine diseases, and to develop better 

strategies to prevent, and treat those diseases. 
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The infectious disease epidemiologic triangle illustrates the interaction of 

epidemiologic factors that contribute to the outbreak of an infectious disease: the host, 

the pathogen or disease-causing organism, and the environment (Merrill, 2013). 

Metritis and endometritis are complex multifactorial diseases, caused by mixed 

bacterial infection. During the past decades, several studies contributed to better 

understanding of the factors associated with the host, the pathogens, and the 

environment that how these factors influence the risk of uterine diseases. The 

objective of this literature review is to enumerate and discuss the published data on 

many factors that predispose to the development of uterine diseases. 

INTRODUCTION TO UTERINE DISEASES OF DAIRY COWS 

Reproductive efficiency is a trait of great importance for the modern dairy 

industry, affecting the overall economic outcome of dairy enterprise. A healthy 

reproductive tract after parturition is essential for a satisfactory reproductive 

performance. Postpartum uterine diseases are important for animal welfare and 

economic reasons, causing cow discomfort, elimination from the herd and impaired 

reproductive performance. In North America, metritis affects 10% to 20% of cows 

(LeBlanc et al., 2011), whereas the incidence of endometritis is approximately 28%, 

ranging from 5.3% to 52.6% (Dubuc et al., 2010a; Cheong et al., 2012).  

Metritis is characterized as an abnormally enlarged uterus and a fetid, watery, 

red-brown uterine discharge within 21 days after parturition; however, the metritis 

incidence peaks within the first week post-partum. When metritis is associated with 

signs of systemic illness (decreased milk yield, dullness, or other signs of toxemia) 

and temperature >39.5°C, the appropriate term is puerperal metritis. Approximately 
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half of the metritic cows are not diagnosed with fever (Benzaquen et al., 2007; 

Martinez et al., 2012; Lima et al., 2014). 

The effects of metritis on productivity are striking. Metritis has a detrimental 

effect on milk production during early lactation (Rajala and Grohn, 1998; Huzzey et 

al., 2007; Giuliodori et al., 2013), especially for multiparous cows (Dubuc et al., 2011; 

Wittrock et al., 2011). Metritis also contributes to reproductive failure, as cows 

diagnosed with metritis have lower conception rate (Overton and Fetrow, 2008; 

Giuliodori et al., 2013). Data regarding the effect of metritis on survivability are 

inconsistent; studies have reported no effect of metritis on culling rate (Rajala and 

Grohn, 1998; Dubuc et al., 2011), while others observed that cows diagnosed with 

metritis are more likely to leave the herd than healthy cows (Linden et al., 2009; 

Wittrock et al., 2011). Wittrock et al. (2011) suggested that multiparous cows affected 

by metritis were at higher risk of being culled, primarily because of the detrimental 

effect of disease on milk production, rather than reproductive failure. Metritis is 

frequently treated with systemic antibiotic therapy. The antibiotics of choice to treat 

metritis are ceftiofur or penicillin (Smith et al., 1998; Drillich et al., 2001); however, 

alternative treatment with ampicillin had similar efficacy to ceftiofur (Drillich et al., 

2003; Lima et al., 2014). The economic losses caused by each metritis case have been 

calculated at approximately US$329-386 due to antibiotic treatment and the 

detrimental effects of metritis on reproductive performance, milk production, and 

survivability (Drillich et al., 2001; Overton and Fetrow, 2008). 

Endometritis is defined as inflammation of the endometrium after 21 days 

postpartum without systemic signs of illness, and can be considered the chronic stage 
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of uterine inflammation. Endometritis has been classified as clinical or subclinical. 

Clinical endometritis is characterized by the presence of purulent or mucopurulent 

uterine exudates detectable in the vagina after 21 days postpartum (Sheldon et al., 

2006). Subclinical endometritis is defined as the inflammation of the endometrium 

determined by cytology of samples collected by flushing the uterine lumen or by 

endometrial cytobrush, in the absence of purulent discharge in the vagina (Gilbert et 

al., 2005a). Although the definition of clinical endometritis is largely accepted and 

used by clinicians and researchers, a recent study challenged assumptions of this 

method of diagnosis, showing that cows with purulent vaginal discharge did not 

always present endometrial inflammation; the nomenclature purulent vaginal 

discharge (PVD) has been proposed to properly represent what have been diagnosed 

in cases of clinical endometritis (Dubuc et al., 2010a). However, in this literature 

review, we will use the terminology clinical endometritis. To define subclinical 

endometritis, various cutoff points of neutrophils in uterine cytology have been used, 

depending on the stage of lactation that samples were collected. Higher cutoff points 

were used to define uterine inflammation in earlier stages of lactation. For instance, 

subclinical endometritis was defined as the presence of neutrophils in uterine cytology 

exceeding 18% and 10 %, for samples collected at 20 – 33 days and 34 – 47 days 

postpartum, respectively (Kasimanickam et al., 2004). Others have used 5 % of 

neutrophils in uterine cytology as the cutoff point used to define subclinical 

endometritis (Gilbert et al., 2005b; Lima et al., 2013). Recent studies have been using 

the terminology cytological endometritis instead of subclinical endometritis; 

cytological endometritis is defined as the inflammation of the endometrium 
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determined by cytology, regardless of the presence of clinical endometritis (Dubuc et 

al., 2010a; Cheong et al., 2012; Yasui et al., 2014). Several diagnostic methods have 

been used to evaluate the reproductive tract infection and inflammation in dairy cows, 

such as vaginoscopy (Studer and Morrow, 1978; Barlund et al., 2008; Westermann et 

al., 2010), the metrickeck device (McDougall et al., 2007; Brick et al., 2012; Machado 

et al., 2015), ultrasonography of uterus and cervix (Senosy et al., 2009; Brick et al., 

2012; Polat et al., 2015), intrauterine bacterial culture (Studer and Morrow, 1978; 

Westermann et al., 2010), uterine biopsy (Bonnett et al., 1991; Meira Jr. et al., 2012), 

reagent strips used to measure leukocyte esterase, protein and pH of uterine lavage 

samples (Cheong et al., 2012), uterine lavage samples optical density (Machado et al., 

2012b), and cytology (Gilbert et al., 2005b; Dubuc et al., 2010a; Lima et al., 2013). To 

assess and evaluate the validation of each diagnostic method is beyond the objectives 

of this review, and has been intensively reviewed (de Boer et al., 2014).  

Differently from metritis, endometritis is not accompanied by systemic 

symptoms, being a disease contained in the uterus. Although it has been reported that 

endometritis does not directly impact milk production (Erb et al., 1985; Dubuc et al., 

2011), others have shown that primiparous cows that produced more milk, and 

multimaprous cows that produces less milk in the first month of lactation were more 

likely to develop subclinical endometritis (Cheong et al., 2011; Galvao et al., 2010). 

However, endometritis impairs reproduction (Gilbert et al., 2005a; Dubuc et al., 

2010a; Machado et al., 2015), and as a consequence has a negative economic impact 

on the modern dairy industry (Lee and Kim, 2007). It has been reported that clinical 

and subclinical endometritis reduce conception rate (Galvao et al., 2009; Dubuc et al., 
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2010a; Machado et al., 2015), increase the calving-to-conception interval (Barlund et 

al., 2008; Dubuc et al., 2010a; Machado et al., 2015), and increase embryonic 

mortality (Lima et al., 2013; Machado et al., 2015). To date, many endometritis 

therapy strategies have been evaluated with controversial efficacy, such as intrauterine 

administered chlorhexidine (Gilbert and Schwark, 1992), enzymes (Drillich et al., 

2005), hypertonic dextrose (Brick et al., 2012; Machado et al., 2015), and the systemic 

administration of PGF2α (LeBlanc et al., 2002; Kasimanickam et al., 2005; Lima et 

al., 2013). Although the intrauterine infusion of cephalosporin has been reported to be 

efficacious to treat clinical endometritis (Runciman et al., 2008; McDougall et al., 

2013), the use of intrauterine administered antibiotic is currently not approved in the 

United States. 

THE HOST 

Transition period, metabolic imbalance, mineral deficiency and immunosuppression 

The transition period (defined as the period from 3 weeks before to 3 weeks 

after calving) is extremely challenging for the dairy cow (Drackley, 1999). As the time 

of calving approaches, the nutrient requirements for fetal growth increase to maximum 

levels, while the dry matter intake (DMI) decreases approximately 20% (Bell, 1995). 

Around parturition, cows have to deal with nutritional changes, because their diet 

changes abruptly from being forage-based to concentrate-rich diets. They also 

dramatically alter their metabolism to supply the mammary gland with nutrients 

necessary for milk synthesis (Bell, 1995; Goff et al., 2002). However, the nutrient 

requirements for milk synthesis during the first weeks of lactation exceeds feed intake. 
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To support milk production, the cow has to mobilize her body reserves, leading to a 

condition of negative energy balance (NEB) (Roche et al., 2009). 

Other physiological changes contribute to NEB and mobilization of body 

reserves. For instance, dairy cows undergo a state of insulin resistance during early 

lactation, reducing glucose uptake by body tissues, helping to meet the nutrient 

demands for milk production during the first weeks of lactation (Bell, 1995). 

Combined with insulin resistance, a down-regulation in the liver growth hormone 

(GH) receptors have also been reported, which leads to a reduction in circulating 

insulin-like growth factor (IGF) and increased the circulating GH, resulting in 

increased lipolysis (Lucy et al., 2001; Wathes et al., 2009). At parturition, the blood 

progesterone level falls drastically, followed by a temporary increase of blood 

concentrations of estrogen and glucocorticoids. These endocrine changes contribute to 

decreased DMI and mobilization of body fat reserves (Drackley et al., 2005; 

Ingvartsen, 2006). 

The complex changes during the transition period lead to a state of metabolic 

imbalance, which results in exacerbated fat mobilization and body condition score loss 

during early lactation (Roche et al., 2007). This reflected in elevated circulating levels 

of non-esterified fatty acids (NEFA) (Kunz et al., 1985; Busato et al., 2002). NEFA is 

an excellent source of energy for many body tissues and is also used in butter milk fat 

synthesis. However, the liver uptake of NEFA to complete β-oxidation is limited. 

Therefore, when in high levels, NEFA can be resterified into triglycerides and 

accumulate in the liver causing a condition known as fatty liver (Strang et al., 1998), 

during which NEFA are transformed to β-hydroxybutyrate (BHBA) and other ketone 
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bodies (Drackley, 1999). The mechanisms by which all these factors associated with 

NEB and metabolic imbalance will contribute to a state of immunosuppression during 

the periparturient period that not yet fully understood. During this period, impairment 

of polymorphonuclear neutrophils (PMN) function and decreased blood levels of 

immunoglobulins are observed (Kehrli et al., 1989; Hoeben et al., 2000; Colitti and 

Stefanon, 2006; Sordillo et al., 2007; van Knegsel et al., 2007; Herr et al., 2011). 

Reduced DMI and elevated levels of NEFA and BHBA are associated with 

immunosuppression during the transition period (Rukkwamsuk et al., 1999; Hammon 

et al., 2006; Graugnard et al., 2012). In vitro studies have shown that bovine PMNs 

incubated with elevated levels of NEFA have impaired function and viability 

(Lacetera et al., 2004; Scalia et al., 2006). High levels of BHBA reduced bovine PMN 

capacity for chemotaxis, oxidative burst, and phagocytosis (Klucinski et al., 1988; 

Hoeben et al., 1997; Suriyasathaporn et al., 1999). Recently, it was demonstrated that 

an induced hyperketonemia in cows disturbed the mammary gland immune response 

to lipopolysaccharide (LPS) challenge (Zarrin et al., 2014). Cows undergoing severe 

NEB have lower circulating levels of IGF-1 during the early postpartum period (Lucy 

et al., 2001; Wathes et al., 2009). The bovine endometrium expresses the IGF system 

genes (Llewellyn et al., 2008), which plays a role in tissue repair, promoting 

proliferation and healing during uterine involution (Wathes et al., 2011), and alters 

endometrial gene expression related to immune responses (Wathes et al., 2009). 

Additionally, natural antibodies (NAb), an important component of the humoral 

branch of the innate immune system (Avrameas, 1991), have been reported to have a 
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negative association with elevated serum NEFA concentrations (van Knegsel et al., 

2007; van Knegsel et al., 2012). 

The relationship between NEB, followed by metabolic imbalance during the 

periparturient period, and uterine diseases is well established in the current literature. 

For instance, feeding behavior and DMI has been associated with metritis and 

endometritis. Compared to healthy animals, cows diagnosed with metritis or 

endometritis had less feeding time and decreased dry matter intake during the 

transition period (Urton et al., 2005; Hammon et al., 2006; Huzzey et al., 2007). It has 

also been reported that cows that lost BCS during the dry period were more likely to 

be diagnosed with metritis (Markusfeld et al., 1997; Kim and Suh, 2003), and the 

incidence of endometritis was higher for cows with low BCS at calving (Hoedemaker 

et al., 2009; Dubuc et al., 2010b). Overconditioned cows are also at higher risk of 

developing metritis (Kaneene and Miller, 1995). Metabolic parameters, such as NEFA 

and BHBA, are also associated with the incidences of uterine diseases. Although there 

are some minor discrepancies in the literature, generally, cows that develop metritis or 

endometritis have elevated circulating levels of NEFA in the week preceding 

parturition, and elevated NEFA and BHBA serum levels in the first week of lactation 

(Hammon et al., 2006; Ospina et al., 2010; Galvao et al., 2010; Dubuc et al., 2010b). 

These parameters have been explored as diagnostic tools to identify cows at high risk 

of developing uterine diseases, with satisfactory accuracy (Ospina et al., 2010; Dubuc 

et al., 2010b; Giuliodori et al., 2013). Recently, it was reported that high prepartum 

IGF-1 reduces the risk of developing metritis or other postpartum diseases (Piechotta 

et al., 2012; Giuliodori et al., 2013). 
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This metabolic imbalance experienced by cows during the transition period is 

thought to increase the production of reactive oxygen species (ROS). Combined with 

reduced anti-oxidant capacity during the periparturient period, cows experience a 

condition called oxidative stress (Sordillo, 2005; Castillo et al., 2005; Abuelo et al., 

2013). Additionally, the blood concentrations of some minerals, such as Ca, P, Zn, and 

Cu are affected with the onset of lactation, as the blood minerals are utilized by the 

mammary gland for milk production (Goff and Stabel, 1990; Xin et al., 1993; Meglia 

et al., 2001; Goff et al., 2002). The immune system is also suppressed by the transient 

minerals deficiency experienced by cows in the weeks around parturition, especially 

calcium deficiency (Ducusin et al., 2003; Martinez et al., 2012; Martinez et al., 2014). 

Associations between low blood Ca levels around parturition and compromised 

neutrophil phagocytosis and oxidative burst activities have been reported (Kimura et 

al., 2006; Martinez et al., 2012). It was proposed that the impairment of phagocytosis 

and oxidative burst activities in cows undergoing hypocalcemia could be explained by 

the fast decline of cytosolic iCa
2+

 (Martinez et al., 2014). Furthermore, low blood Se 

concentration has been associated with impaired neutrophil adhesion, migration, and 

killing ability (Ndiweni and Finch, 1995; Cebra et al., 2003). Deficiency of Cu and Zn 

is also linked to impaired immunity (Shankar and Prasad, 1998; Spears and Weiss, 

2008). 

Decreased postpartum levels of blood minerals are associated with uterine 

diseases (Martinez et al., 2012; Bicalho et al., 2014a). Hypocalcemia after parturition 

was associated with higher incidences of metritis and clinical endometritis (Martinez 

et al., 2012; Bicalho et al., 2014a), and lower postpartum serum levels of P, Zn, Cu, 
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Mo and Se were reported to be linked with metritis and clinical endometritis (Bicalho 

et al., 2014a). Injectable supplementation with a product containing Cu, Se, Zn, and 

Mn during the dry period decreased the incidence of clinical endometritis, and the 

presence of known intrauterine pathogens, suggesting that some of these trace 

minerals could be playing a protective role in the postpartum intrauterine environment 

(Machado et al., 2012c; Machado et al., 2013a). 

During the pregnancy, the immune function of the uterus is suppressed to 

avoid maternal immune responses against the allogeneic conceptus. This uterine 

immunosuppression is partially regulated by elevated levels of progesterone during the 

pregnancy (Padua et al., 2005). Maternal tolerance to the fetus is also possible because 

of inhibition of inflammatory responses mediated by regulatory immune cells (Lee et 

al., 1992; Aluvihare et al., 2004). This, combined with the systemic 

immunosuppression faced by dairy cows during the transition period discussed earlier, 

makes the uterus very susceptible to diseases in the early postpartum period. 

Associations between metritis and endometritis, and suppressed periparturient immune 

system have been reported in several studies. Although the data regarding the 

association between PMN phagocytic activity and uterine diseases is inconsistent 

(Mateus et al., 2002; Kim et al., 2005; Machado et al., 2013b), associations between 

the killing ability of neutrophils are more consistent. It was observed that cows that 

developed metritis have neutrophils that produced less superoxide activity before 

parturition (Cai et al., 1994), and that decreased blood PMN oxidative burst activity is 

associated with increased risk of developing endometritis (Mateus et al., 2002). The 

peripheral PMN killing ability determined by myeloperoxidase activity and 
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cytochrome c reduction activity is reduced on the day of calving in cows that 

developed metritis and subclinical endometritis (Hammon et al., 2006). Energy status 

of blood PMN measured by PMN glycogen concentration was also associated with 

uterine disease; cows that developed metritis or subclinical endometritis have lesser 

blood PMN glycogen than healthy cows (Galvao et al., 2010). Recently, it was 

suggested that decreased circulating NAb concentration is another factor that may 

contribute to the impairment of the innate immune system around parturition, 

increasing the risk of uterine diseases (Machado et al., 2014a). 

Physical factors and genetic parameters 

There are several risk factors that contribute to postpartum uterine 

contamination or physical damage of the uterine tissue, such as retained placenta (RP), 

calving abnormalities (dystocia, twins, and stillbirth), angle of the vulva, and parity. 

Many of these factors, combined with metabolic health parameters, were used to build 

a model aiming to predict postpartum diseases, including metritis (Vergara et al., 

2014). 

Several studies have shown that RP is one of the most important risk factors 

for metritis and endometritis in dairy cows (Erb et al., 1985; Kaneene and Miller, 

1995; Bruun et al., 2002; Machado et al., 2012b). Retained placenta contributes to 

development of uterine diseases because cows that have their fetal membranes 

retained are immunosuppressed, have more uterine tissue damage (Paisley et al., 

1986), and are more likely to allow bacterial growth in the uterine lumen (Paisley et 

al., 1986; Machado et al., 2012a). 
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Calving related problems (dystocia, stillbirth, and twins) are also known to 

increase the risk of uterine diseases (Markusfeld, 1984; Benzaquen et al., 2007; Potter 

et al., 2010; Cheong et al., 2011), by facilitating the access of bacteria into the uterine 

mucosa (Bicalho et al., 2010), and by causing uterine tissue damage. Abnormal 

calving status (cows with dystocia, RP, twins, or some combination of these 

conditions) were more likely to develop metritis (Benzaquen et al., 2007; Giuliodori et 

al., 2013) and clinical endometritis (Benzaquen et al., 2007) than  cows with normal 

calving. These calving related problems are also independent risk factors for uterine 

diseases. Independent effects of dystocia, twin parturition, and stillbirth on the 

incidence of metritis have been reported (Bruun et al., 2002; Bicalho et al., 2010; 

Dubuc et al., 2010b), and clinical endometritis (Potter et al., 2010; Dubuc et al., 

2010b; Prunner et al., 2014). There are studies with conflicting results regarding the 

association between calving related problems and subclinical endometritis. Cheong et 

al. (2011) reported that these calving abnormalities were associated with subclinical 

endometritis, while others did not observe the same associations (Dubuc et al., 2010b; 

Prunner et al., 2014). Abortion and induced calving are also factors predisposing to 

uterine diseases (Kaneene and Miller, 1995; Bruun et al., 2002). 

Cows that give birth to males calves are more likely to have uterine 

contamination after parturition (Bicalho et al., 2010), are more likely to have dystocia 

(Mee et al., 2011), and stillbirth parturitions (Meyer et al., 2001) than cows having 

female calves. However, to the best of our knowledge, there is no evidence that having 

male calves is a direct risk factor for metritis, but it was reported to be a risk factor for 
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clinical endometritis (Potter et al., 2010). The same association was not observed for 

subclinical endometritis (Cheong et al., 2011).  

There is a u-shaped association between parity and metritis; primiparous cows 

and cows in parity 3 or greater are more likely to develop metritis than cows in parity 

2 (Markusfeld, 1984; Saloniemi et al., 1986; Bruun et al., 2002); however, others have 

not observed this u-shaped association, and simply reported that primiparous cows are 

more likely to develop metritis than multiparous counterparts (Dubuc et al., 2010b; 

Machado et al., 2012a). Primiparous are more likely to suffer uterine damage due to 

dystocia than older cows (Meyer et al., 2001; Uematsu et al., 2013). Similarly to 

metritis, parity is also a risk factor for endometritis; primiparous cows are more likely 

to develop clinical or subclinical endometritis than multiparous cows (Potter et al., 

2010; Dubuc et al., 2010b; Cheong et al., 2011). 

Another cow-related factor that was found to increase the risk of uterine 

infection was the angle of the vulva (Potter et al., 2010). A vulval angle < 70
o
 to the 

horizontal increases the risk of clinical endometritis; this conformation could allow 

fecal contamination of the vagina, allowing bacteria to access more easily the 

intrauterine lumen and cause infection. 

It has been suggested that there is an involvement of genetic factors in the 

incidence of metritis, as the heritability of this disease was reported to be as high as 

0.19 and 0.26 for primiparous and second lactation cows, respectively (Lin et al., 

1989). However, other studies have reported lower heritability values for metritis, 

ranging from 0.02 to 0.07 (Lyons et al., 1991; Van Dorp et al., 1998; Zwald et al., 

2004a; Zwald et al., 2004b). Recent studies have investigated the association between 
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single nucleotide polimorphisms (SNPs) occurring in bovine innate immune genes and 

uterine diseases (Galvao et al., 2011; Pinedo et al., 2013). Pinedo et al. (2013) reported 

weak associations between metritis, endometritis, and SNPs occurring in genes 

encoding the toll like receptors 2, 4, 6, and 9. Galvao et al. (2011) concluded that 

uterine health was not affected by the SNP at position +735 in the interleukin-8 

receptor-α gene. Polimorphism in the leptin receptor gene was linked with increased 

metritis incidence (Oikonomou et al., 2009). Although the sire predicted transmitting 

ability for milk production traits was associated with poorer reproductive performance, 

it was not linked with increased metritis susceptibility (Bicalho et al., 2014b). 

THE ENVIRONMENT 

 It is intuitive to think that poor hygiene in the calving environment is a factor 

predisposing postpartum intrauterine contamination and development of uterine 

diseases. However, different studies present conflicting data to support its importance. 

The cleanliness of the perineal region at the time of parturition was associated with 

metritis (Schuenemann et al., 2011). Herds using straw for calving pen bedding had 

lower incidence of metritis (Kaneene and Miller, 1995) and subclinical endometritis 

(Cheong et al., 2011) than herds using another material; straw could be considered a 

cleaner bedding material when compared to other materials, such as sand and sawdust. 

Pasture calvings were also associated with lower metritis incidence, and the pasture 

could be also considered as an environment less congested with bacteria than a barn 

(Kaneene and Miller, 1995). However, other studies have found that poor hygiene is 

unrelated to uterine diseases; Potter et al. (2010) did not observe any association 

between clinical endometritis and markers of hygiene (fecal consistency score, cow 
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cleanliness score, disinfection of calving equipment, and the wearing of gloves when 

assisting parturition). Additionally, the microflora of cows from two hygienically 

contrasting farms was not influenced by the environmental hygiene status; however, 

these findings should be interpreted with care, because this study was performed in 

only two herds and enrolled only 26 cows (Noakes et al., 1991). 

 Individual housing in the maternity facility has been associated with increased 

risk of metritis (Kaneene and Miller, 1995). Additionally, housing was associated with 

incidence of subclinical endometritis (Cheong et al., 2011; Prunner et al., 2014). Herds 

housing early postpartum cows in freestall barns had lower subclinical endometritis 

incidence than herds that housed their postpartum cows in bedded packs (Cheong et 

al., 2011). Prunner et al. (2014) reported that tie stall systems were associated with 

decreased risk of subclinical endometritis when compared with stables with calving 

pens; however, housing system was not associated with clinical endometritis. 

 Social behavior at the feed bunk has been associated with metritis, as 

decreasing average daily feeding time during the week before calving increased the 

odds of severe metritis (Huzzey et al., 2007). Although high stocking density affects 

the feeding behavior (Olofsson, 1999; Proudfoot et al., 2009), decreasing prepartum 

stocking rate did not prevented metritis or clinical endometritis (Silva et al., 2014). 

Another factor that meaningfully changes feeding behavior and DMI of dairy cows is 

frequent regrouping (von Keyserlingk et al., 2008; Schirmann et al., 2011), but 

regrouping of prepartum cows was unimportant for uterine diseases (Cheong et al., 

2011; Silva et al., 2013). 
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The incidence of metritis has been associated with calving season, but with 

little agreement on which season is a predisposing factor for uterine diseases (Erb and 

Martin, 1980; Markusfeld, 1984; Gröhn et al., 1990; Bruun et al., 2002). Markusfeld 

(1984) reported that cows calving during summer are more likely to be affected with 

metritis, while the incidence of metritis was associated with summer-fall (Erb and 

Martin, 1980), fall-winter (Gröhn et al., 1990), or winter-spring calvings (Bruun et al., 

2002). Heat stress was also reported to be a predisposing factor for RP and 

consequently metritis (DuBois and Williams, 1980). These discrepancies could be 

explained by geographical and temporal differences among studies. However, more 

recent literature reported that season is unimportant for metritis (Dubuc et al., 2010b), 

and endometritis (Dubuc et al., 2010b; Prunner et al., 2014). Perhaps the advances in 

management have minimized the detrimental effects of season on postpartum uterine 

health (Collier et al., 2006). 

THE PATHOGENS 

 Virtually all cows will have bacterial contamination in their uterine lumen after 

parturition (Foldi et al., 2006; Santos and Bicalho, 2012). Escherichia coli, 

Trueperella pyogenes and Fusobacterium necrophorum are considered the primary 

bacterial causes of uterine diseases (Miller et al., 2007; Bicalho et al., 2010; Santos et 

al., 2011), but other pathogenic bacteria, such as, Bacteroides spp., Ureaplasma spp., 

Staphylococcus spp., Helcococcus spp., Prevotella melaninogenicus and 

Streptococcus spp. have also been associated with uterine diseases (Azawi et al., 2008; 

Machado et al., 2012c; Locatelli et al., 2013). Although the etiology of uterine 

diseases is mainly attributed to bacterial infection, the bovine herpesvirus type 4 
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(BoHV-4) has been associated with poor postpartum uterine health, acting as a 

secondary pathogenic agent following bacteria (Monge et al., 2006; Donofrio et al., 

2009; Chastant-Maillard, 2013). 

Escherichia coli 

 Traditionally, E. coli has been described as the main pathogen initiating 

postpartum uterine infection and disease (Studer and Morrow, 1978; Bonnett et al., 

1991; Bicalho et al., 2010; Sheldon et al., 2010). It has been reported that uterine E. 

coli are merely opportunistic environmental bacteria, because none of the virulence 

factors evaluated in one study were associated with the probability of occurrence of 

uterine diseases (Silva et al., 2009). Nevertheless, recent studies have characterized 

important virulence factors that enable E. coli to bind and invade the bovine 

endometrium, making significant advances to understand how E. coli plays a role in 

the pathogenesis of metritis and endometritis (Bicalho et al., 2010; Sheldon et al., 

2010). 

 Silva et al. (2009) characterized the phenotype and genotype of 72 E. coli 

isolated from the uterus of metritic and non-metritic cows, and found that none of the 

15 virulence factors evaluated were associated with metritis. Sheldon et al. (2010) 

investigated the presence of 17 virulence factors from 114 uterine E. coli isolated from 

64 postpartum dairy cows and the only virulence factor associated with disease was 

fyuA. However, they found that E. coli isolated from cows with metritis were more 

capable of adhering and invading epithelial and stromal endometrium cells. In a larger 

scale study, Bicalho et al. (2010) explored 32 potential virulence factors, using 611 E. 

coli isolates from 374 cows housed in four different farms in upstate NY. It was found 
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that six virulence factors common to extra-intestinal and entero-aggregative E. coli 

were associated with uterine diseases: fimH, hlyA, cdt, kpsMII, ibeA, and astA. The 

virulence factor FimH was the most prevalent and the most important for metritis and 

endometritis. The FimH protein is an E. coli type 1 pili adhesive protein that plays an 

important role in the adhesion to mannosides (Krogfelt et al., 1990) and enables 

bacteria to colonize epithelial surfaces (Mooi and de Graaf, 1985). It is known that E. 

coli expressing the type 1 pili containing FimH causes urinary tract infection in 

humans (Kaper et al., 2004), and it is critical for the ability of these E. coli to adhere to 

and colonize the bladder epithelium (Mulvey, 2002). In fact, it was demonstrated that 

FimH also mediates adhesion between endometrial pathogenic E. coli and the bovine 

uterine mucosa, because mannose treatment of E. coli decreased their ability to adhere 

to bovine endometrial cells in vitro (Sheldon et al., 2010). Recently, an alternative 

prevention method for metritis using ultrapure mannose was tested, but intrauterine 

administration of 50g of mannose in the first three days after parturition was 

ineffective to reduce bacterial contamination and prevent metritis (Machado et al., 

2012a). 

It has been suggested that E. coli is important for metritis and endometritis in 

the first week postpartum, especially during the first three days after parturition, 

potentially inducing changes that will favor subsequent infection by other pathogens 

(Dohmen et al., 2000; Bicalho et al., 2012). However, its intrauterine presence after 

the first week postpartum is unimportant for disease and reproductive performance 

(Bicalho et al., 2012; Machado et al., 2012a; Machado et al., 2012c; Sens and 

Heuwieser, 2013). Dohmen et al. (2000) suggested that the presence of E. coli and its 
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endotoxin lipopolysaccharide (LPS) in lochia during the first two days postpartum 

leads to subsequent T. pyogenes infection at 14 days after calving. Similarly, Bicalho 

et al. (2012) found that cows tested positive for the intrauterine presence of the E. coli 

virulence factor FimH at 1-3 DIM were more likely to develop F. necrophorum 

intrauterine contamination at 8-10 DIM. The presence of E. coli in the early 

postpartum period was also associated with impaired reproductive performance 

(Bicalho et al., 2012; Machado et al., 2012a). 

Fusobacterium necrophorum 

 The combination of anaerobic microorganisms’ metabolism and oxygen 

consumption by PMNs fighting against the intrauterine infection in the first days 

postpartum decreases the intrauterine oxygen reductase potential, creating an 

anaerobic environment (El-Azab et al., 1988). This will favor the growth of strict and 

facultative anaerobes, such as F. necrophorum and T. pyogenes, respectively. Several 

studies have identified F. necrophorum as an important etiological agent of uterine 

diseases (Ruder et al., 1981; Noakes et al., 1991; Dohmen et al., 2000). Recent studies 

using molecular characterization of the intrauterine microbiota have reinforced this 

assumption. It was reported that F. necrophorum was the most prevalent bacteria in 

samples collected from cows affected with metritis, while being completely absent in 

samples from healthy cows (Santos et al., 2011). Similarly, it was reported that the 

intrauterine presence of F. necrophorum at 8-10 DIM is associated with metritis 

(Bicalho et al., 2012), and at 35 days postpartum is associated with clinical 

endometritis (Machado et al., 2012c). 
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F. necrophorum is a gram-negative, non-spore forming, rod-shaped anaerobe 

that produces butyric acid as a major product of fermentation (Nagaraja et al., 2005). 

There are several virulence factors associated with toxicity, adhesion and aggregation 

that are implicated in the pathogenesis of F. necrophorum infections. However, 

leukotoxin (LKT) is considered the major virulence factor associated with infections 

in animals (Tan et al., 1994; Narayanan et al., 2002). It is known that LKT is highly 

toxic to bovine PMNs (Tan et al., 1994), inducing apoptosis-mediated killing of them 

(Narayanan et al., 2002); this toxicity is dose-dependent (Tan et al., 1992). It is 

possible than LKT is acting in the uterus by weakening the intrauterine defensive line 

mediated by PMNs, impairing the ability of the innate immune system to eliminate 

bacterial infections from the uterus through phagocytosis. Recently, it was reported 

that the adhesion of F. necrophorum to endothelial bovine cells is mediated by outer 

membrane proteins (Kumar et al., 2013), specifically, the virulence factor FomA 

(Kumar et al., 2015). 

 F. necrophorum and T. pyogenes are known to be synergistic microbes, 

causing numerous infections in cattle, such as liver, foot, lungs and mandibular 

abscesses, foot rot, summer mastitis, and calf diphtheria (Nagaraja et al., 2005). This 

synergy is also observed in uterine diseases (Dohmen et al., 2000; Bicalho et al., 2012; 

Machado et al., 2012c). 

Trueperella pyogenes 

 Trueperella pyogenes, a Gram positive, non-motile, non-sporeforming, short, 

rod-shaped bacterium (Jost and Billington, 2005), is a common inhabitant of 

urogenital, gastrointestinal, and upper respiratory tracts of many animal species 
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(Hagan et al., 1988; Narayanan et al., 1998; Carter et al., 2004). However, a physical 

or microbial insult to the host can lead to a variety of suppurative T. pyogenes 

infections; T. pyogenes is an opportunistic pathogen that acts in synergy with F. 

necrophorum, and is consistently associated with metritis and especially endometritis 

(Studer and Morrow, 1978; Bonnett and Martin, 1995; Williams et al., 2005; Bicalho 

et al., 2012; Machado et al., 2012a; Machado et al., 2012c). 

 T. pyogenes is equipped with several known and putative virulence factors that 

are important for its pathogenic potential. Its primary virulence factor, pyolysin 

(PLO), is a potent cholesterol-dependent cytolysin and is associated with the tissue 

damage caused by T. pyogenes infection (Jost and Billington, 2005; Amos et al., 

2014). It is known that T. pyogenes can provoke a cellular inflammatory response in 

the uterus, but the intact endometrium is protective against the tissue damage cause by 

PLO (Miller et al., 2007; Amos et al., 2014). It was demonstrated that the epithelial 

layer of the endometrium is protective against PLO because epithelial cells contain 

less cholesterol than stromal cells (Amos et al., 2014). Therefore, it was suggested that 

T. pyogenes acts in the postpartum uterus as an opportunistic pathogen, causing 

disease once the epithelial layer is lost after parturition, that could have been a result 

of previous intrauterine infection and/or a traumatic event during parturition, such as 

dystocia and RP (Dohmen et al., 2000; Bicalho et al., 2012). 

T. pyogenes also expresses a number of surface-exposed proteins, such as 

fimbriae, neuraminidases, and extracellular matrix-binding proteins, which are 

involved in adherence and mucosal colonization (Jost and Billington, 2005; Pietrocola 

et al., 2007; Santos et al., 2010; Machado and Bicalho, 2014). Although there were no 
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associations between virulence factors and uterine diseases in one study (Silva et al., 

2008), others reported that virulence factor encoded by the gene fimA was associated 

with metritis (Santos et al., 2010) and clinical endometritis (Bicalho et al., 2012). 

Other pathogens 

 A wide variety of other bacteria has been associated with postpartum uterine 

health of dairy cows. However, there are no details on their roles on the pathogenesis 

of metritis and endometritis. It was reported that Bacteroides spp. contributes to 

clinical endometritis, acting in synergy with T. pyogenes and F. necrophorum 

(Dohmen et al., 1995; Machado et al., 2012c). Prevotella melaninogenica was 

consistently isolated from diseased bovine uterus (Olson et al., 1984), and its 

intrauterine relative abundance in the 7
th

 week postpartum was higher for cows 

affected with clinical endometritis (Machado et al., 2012c). Non-hemolytic 

Streptococcus spp. and Mannheimia haemolytica were associated with the fetid mucus 

odor, a characteristic sign of uterine infection (Williams et al., 2005). The intrauterine 

presence of Streptococcus uberis on the third day of lactation was reported to be 

highly associated with the risk of clinical endometritis (Wagener et al., 2014). By the 

use of a metagenomic technique, Helcococcus spp was described to be associated with 

clinical endometritis (Machado et al., 2012c); Helcococcus kunzii and Helcococcus 

ovis were isolated from metritic uterus of dairy cows (Locatelli et al., 2013), 

suggesting that these species may play a role in the pathogenesis of uterine diseases. 

Furthermore, Ureaplasma spp was highly prevalent in the uterus of cows affected with 

clinical endometritis (Machado et al., 2012c); Ureaplasma diversum has been 

associated with granular vulvitis, endometritis and reproductive failure (Doig et al., 
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1980; Kreplin et al., 1987). Staphylococcus spp. is another bacterium that has been 

previously associated with poor uterine health and impaired reproduction (Paisley et 

al., 1986; Machado et al., 2012c). 

 The BoHV-4 is the only virus that has been consistently associated with 

uterine infection of dairy cows (Parks and Kendrick, 1973; Monge et al., 2006; 

Donofrio et al., 2009; Donofrio et al., 2010; Jacca et al., 2013; Chastant-Maillard, 

2013). It was described that BoHV-4 can cause latent infection in bovine macrophages 

(Donofrio and van Santen, 2001), and are tropic for bovine endometrial epithelial and 

stromal cells, replicating and leading to non-apoptotic cell death (Donofrio et al., 

2007; Jacca et al., 2013). The endometrium can respond to the BoHV-4 presence with 

an inflammatory response, overexpressing pro-inflammatory cytokines IL-8 and TNF-

α (Donofrio et al., 2010; Jacca et al., 2013). It has been suggested that BoHV-4 acts in 

cooperation with bacterial infection to cause disease in the uterus of dairy cows 

(Donofrio et al., 2008). 

CONCLUSION 

In conclusion, metritis and endometritis are highly prevalent in postpartum 

dairy cows and both diseases have a negative impact in the modern dairy enterprise. 

They are complex multifactorial diseases, and a wide range of factors contributes to 

their occurrence. They are often associated with mixed bacterial infection of the 

uterus, and the major pathogens associated with uterine diseases are Escherichia coli, 

Trueperella pyogenes and Fusobacterium necrophorum These infections are more 

likely to develop under some conditions related the host and to the environment. 

Environmental factors that can predispose metritis and endometritis are poor hygiene 
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at calving, housing type and calving season. Events during the transition period related 

to negative energy balance and metabolic imbalance, mineral deficiencies, leading to 

immunosuppression are also of great important during establishment of intrauterine 

bacterial infections. This, combined with endometrium trauma events during 

parturition, such as calving related problems, increases the risk of metritis and 

endometritis. To understand all these factors, and their relationship and interactions, is 

key to implementing management practices to mitigate the risk of disease, and to 

develop new strategies to treat and prevent metritis and endometritis. Recently, 

encouraging preliminary results regarding the effectiveness of multivalent vaccines 

containing components of Escherichia coli, Trueperella pyogenes and Fusobacterium 

necrophorum were published (Machado et al., 2014b). It was reported that boosting 

the host immune system by systemically immunizing late pregnant heifers against 

cellular components and important virulence factors of these pathogens reduced the 

incidence of puerperal metritis. However, more research is needed to advance the 

knowledge on the pathogenesis of uterine diseases, and to develop better strategies to 

ameliorate immunosuppression during the transition period of dairy cows. 
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ABSTRACT 

The objectives were (1) to evaluate the association of uterine lavage sample 

optical density (ULSOD) with uterine health, and (2) to estimate and evaluate a 

threshold value that will maximize the accuracy of ULSOD as a diagnostic tool for 

clinical endometritis. The study enrolled 1,742 cows from 3 dairy farms located near 

Ithaca, New York. The samples were collected at 35 ± 3 d in milk (DIM) by using 

low-volume uterine lavage. Cows with a purulent or mucopurulent secretion in the 

sample were diagnosed with clinical endometritis, whereas a subgroup of all studied 

cows was examined for cytological evidence of inflammation by endometrial 

cytology. Data for ULSOD measured at different wavelengths (200, 352, 620, 790, 

860, and 960 nm) were available for 554 cows; all 1,742 cows had data for ULSOD 

measured at 620 nm (ULSOD620). Incidences of clinical endometritis, metritis, and 

retained placenta were 10, 15.2, and 5.6%, respectively. The ULSOD620 was 

associated with clinical endometritis. Receiver operating characteristic (ROC) 

analysis of the accuracy of optical density in the detection of clinical endometritis was 

conducted for ULSOD measured at different wavelengths; ULSOD620 was selected for 

further analysis because it presented the best ROC curve to detect clinical 

endometritis. The recommended threshold for ULSOD620 ROC was 0.058, where the 

sensitivity and specificity were 76.3 and 78.3%, respectively. The ROC analysis of the 

accuracy of optical density in the detection of endometritis defined as a percentage of 

neutrophils in the uterine lavage samples higher than 18% was conducted for 

ULSOD620. The recommended threshold was 0.059, where the sensitivity and 

specificity were 100 and 82.2%, respectively. Cows with ULSOD620 ≤0.058 were 1.21 
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times more likely to conceive than cows with ULSOD620 >0.058; moreover, the 

median calving-to-conception interval for cows that had ULSOD620 ≤0.058 was 122 d 

compared with 148 d for cows that had ULSOD620 >0.058. Cows that were positive 

for Treperella pyogenes, diagnosed with metritis, or had retained placenta had 4.0, 1.4, 

and 1.7 times higher odds of having ULSOD620 >0.058, respectively. Cows with 

ULSOD620 >0.058 had a higher percentage of neutrophils in the uterine lavage 

samples than cows with ULSOD620 ≤0.058. Uterine lavage sample optical density 

measured at 620 nm can be used as an objective indicator of uterine health in dairy 

cows, principally for clinical endometritis. 

Key Words: dairy cow, clinical endometritis, uterine disease, metritis 

INTRODUCTION 

Reproductive efficiency is undoubtedly a trait of great importance for the dairy 

industry and significantly affects the overall economic outcome of a dairy enterprise. 

A healthy reproductive tract is a prerequisite for satisfactory reproductive 

performance. After parturition, the uterine lumen is usually contaminated by bacteria 

(Foldi et al., 2006). The complexity of the bacterial community in the postpartum 

uterus of dairy cows differs between healthy cows and cows with metritis (Santos et 

al., 2011). Escherichia coli, Trueperella pyogenes, and Fusobacterium necrophorum 

are considered important etiological agents of uterine diseases (Miller et al., 2007; 

Bicalho et al., 2010; Santos et al., 2011). Escherichia coli virulence factors, such as 

fimH, hlyA, cdt, kpsMII, ibeA, and astA, are associated with uterine diseases and 

impaired reproductive performance (Bicalho et al., 2010). Additionally, F. 

necrophorum is the most prevalent bacterium in the intrauterine environment of 
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metritic cows, while being completely absent in the uterus of healthy cows (Santos et 

al., 2011). Furthermore, the presence of T. pyogenes in the uterus is associated with 

impaired reproduction performance (Williams et al., 2005). 

Clinical endometritis is defined as the presence of purulent or mucopurulent 

uterine exudates in the vagina, after 21 d postpartum, not accompanied by systemic 

signs (Sheldon et al., 2006). Although this definition is largely accepted and used by 

clinicians and researchers, a recent study challenged assumptions of this method of 

diagnosis, showing that cows with purulent vaginal discharge did not always present 

endometrial inflammation (Dubuc et al., 2010a). Clinical endometritis is a disease that 

affects 15 to 42% of cows (Plontzke et al., 2010; Potter et al., 2010; Westermann et 

al., 2010); parity, dystocia, stillbirth, offspring, and metritis are risk factors for the 

disease (Dubuc et al., 2010b; Potter et al., 2010). The harmful effect of clinical 

endometritis on reproductive performance (Barlund et al., 2008; Plontzke et al., 2010) 

and the resulting negative economic impact on the dairy industry (Lee and Kim, 2007) 

necessitate means for the accurate diagnosis and better investigation and handling of 

the disease. 

Several diagnostic techniques for clinical endometritis are used by researchers, 

including vaginoscopy, ultrasonographic assessment of uterine fluid volume and 

endometrial thickness, hysteroscopy, and the use of an intravaginal device 

(McDougall et al., 2007; Barlund et al., 2008; Madoz et al., 2010). Vaginoscopy and 

the use of a vaginal mucus collection device (Metricheck, Simcro, Hamilton, New 

Zealand) are used to evaluate vaginal mucus and diagnose uterine inflammation; 

however, vaginal discharge can be erroneously associated with uterine inflammation 
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when the discharge is a result of vaginitis or cervicitis. Uterine bacteriology and 

cytology were used to determine false-positive findings of clinical endometritis by 

vaginoscopy (Westermann et al., 2010). In addition, ultrasonographic assessment of 

uterine fluid volume and endometrial thickness was not a good predictor of 

reproductive performance (Barlund et al., 2008), and hysteroscopy is not a practical 

technique in the field. Some of these techniques are prone to observer bias and 

variation between observers, and lack of training could lead to an erroneous diagnosis 

of clinical endometritis when scoring vaginal discharge by vaginoscopy. 

Optical density measurement provides a numerical and objective value of the 

absorbed light in a sample, and it has been used to measure concentration of cells or 

proteins in samples (Glasel, 1995; Metris et al., 2006). Uterine lavage sample optical 

density (ULSOD) might be influenced by the exudates and cellular debris 

accumulated because of endothelium inflammation (Bondurant, 1999), and by the 

presence of bacteria inside the uterine lumen of cows affected with endometritis 

(Miller et al., 2007). Therefore, the objectives were (1) to evaluate the association of 

ULSOD with uterine health and reproductive performance, and (2) to estimate and 

evaluate a threshold value that would maximize the accuracy of ULSOD as a 

diagnostic tool for clinical endometritis. 

MATERIALS AND METHODS 

Farms and Management  

The study enrolled 1,742 cows from 3 dairy farms located near Ithaca, New 

York, from May 4, 2010, until January 17, 2011. The farms were selected because of 

their long working relationship with the Ambulatory and Production Medicine Clinic 
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at Cornell University. Farm A milked 3,000 cows, farm B milked 1,600 cows, and 

farm C milked 2,800 cows. The cows were housed in freestall barns with concrete 

stalls covered with mattresses and bedded with waste paper pulp. Cows were milked 3 

times daily in milking parlors. All cows were offered a TMR consisting of 

approximately 55% forage (corn silage, haylage, and wheat straw) and 45% 

concentrate (corn meal, soybean meal, canola, cottonseed, and citrus pulp) on a DM 

basis of the diet. The diet was formulated to meet or exceed the National Research 

Council nutrient requirements (NRC, 2001) for lactating Holstein cows weighing 650 

kg and producing 45 kg of 3.5% FCM. The reproductive management utilized a 

combination of Presynch (Moreira et al., 2001), Ovsynch (Pursley et al., 1995), 

Resynch (Fricke et al., 2003), and detection of estrus, with 25 to 30% of cows bred via 

timed AI and the remainder bred after detection of estrus solely by activity monitors 

(Alpro, DeLaval, Kansas City, MO). 

Case Definition, Sample Collection and OD Measurement 

Clinical endometritis was previously diagnosed primarily by presence of a 

mucopurulent vaginal discharge (LeBlanc et al., 2002; Sheldon et al., 2006). More 

recently, it has been established that many cows with purulent or mucopurulent 

vaginal discharge are free of endometrial inflammation (Dubuc et al., 2010a,b). 

Clinical endometritis was evaluated at 34 to 36 DIM by visual inspection of a uterine 

lavage sample obtained as described previously (Gilbert et al., 2005). In this way, 

visible signs of inflammation (purulent or mucopurulent exudate) emanating from the 

uterus, rather than from another site, would be assured. Briefly, the cows were 

restrained, the perineum area was cleansed and disinfected with 70% ethanol, and a 
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plastic infusion pipette was introduced into the cranial vagina and manipulated 

through the cervix into the uterus. A total of 20 mL of sterile saline solution was 

infused into the uterus and agitated gently, and a sample of the fluid was aspirated. 

The volume of recovered fluid ranged from 5 to 15 mL. All of the samples were 

visually scored by one investigator, who assessed the presence of a purulent or 

mucopurulent secretion in the uterine lavage sample. The score ranged from 0 to 2, 

with 0 indicating absence of a purulent or mucopurulent secretion in the lavage 

sample, 1 indicating a bloody but not purulent sample, and 2 the presence of pus in the 

lavage sample. Cows with a score of 2 were considered with clinical endometritis. 

Body condition scores were recorded at the time of each uterine lavage using a 5-point 

scale (1 = emaciated, 5 = obese, scored in 0.25-point intervals) as described by 

Edmonson et al. (1989). Uterine lavage samples were kept in ice until they were 

processed in the laboratory and cultured for T. pyogenes on Mueller- Hinton agar 

plates (BBL TM 7, Becton, Dickinson and Co., Sparks, MD) supplemented with 5% 

defibrinated sheep blood for 48 h aerobically in 7% CO2 at 38°C. Colonies of T. 

pyogenes were distinguished by colony morphology, hemolysis, and Gram stain. After 

culturing, the samples were frozen at −80°C. After all the uterine lavage samples were 

collected, they were thawed and processed for optical density measurement as follows: 

hypertonic saline solution (10%) was added to the uterine lavage sample in a 1:1 

proportion, samples were then incubated at room temperature for 30 min and 

subsequently centrifuged for 30 min at 3,000 × g at 4°C. The supernatant was 

collected and an aliquot of 0.2 mL was added to a 96-well microplate (Greiner Bio-

One, Frickenhausen, Germany). The optical density was assessed using a Synergy HT 



50 

 

microplate reader (BioTek Instruments, Winooski, VT) and was measured at the 

following wavelengths for a subset of the study cows (554 cows): 200, 352, 620, 790, 

860, and 960 nm. Uterine lavage sample optical density measured at 620 nm 

(ULSOD620) was assessed for all 1,742 cows enrolled in the study. Information 

regarding parity, calving, presence of retained placenta, and metritis was obtained 

through the farms’ management software. 

Additionally, a subgroup (n = 85) of the studied cows was examined for 

cytological evidence of inflammation with the use of endometrial cytology (Gilbert et 

al., 2005). Briefly, the uterine lavage samples were mixed by vortex to resuspend 

cellular material, and an aliquot was transferred to a cytocentrifuge chamber. Samples 

were centrifuged onto glass slides at 105 × g for 3 min. The slides were then air-dried, 

and stained with modified Wright-Giemsa stain (Diff-Quik 1, Dade Diagnostics, West 

Monroe, LA). Coverslips were applied to dried, stained slides using toluene 

(Permount, Fisher Scientific, Pittsburgh, PA). Each slide was examined by the same 

examiner under bright-field microscopy at 250× and 400×. The examiner counted 200 

cells from each slide and the percentage of neutrophils among all other cells was 

estimated. Based on reports from previous studies (Kasimanickam et al., 2004), a 

threshold of 18% was used, above which cows were characterized as suffering from 

endometritis. The 18% threshold was used because our samples were taken around 35 

DIM. Gilbert et al. (2005) suggested a 5% threshold using samples obtained 40 to 60 

DIM. 
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Statistical Analysis 

To facilitate data analysis and interpretation, the variables BCS group (BCSG), 

lactation group (LACGP), calf information (CALF), calving ease information 

(EASE), presence of clinical endometritis at 35 ± 3 DIM (ENDOM, yes = 1 and no = 

0), presence of metritis during second week of lactation (MET, yes = 1 and no = 0), 

presence of retained placenta during first week of lactation (RP, yes = 1 and no = 0), 

and the outcome of the uterine lavage sample culture for T. pyogenes at 35 ± 3 DIM 

(APYO, yes = 1 and no = 0) were created. Body condition score group was 

categorized as follows: BCSG = 1 if BCS <3, BCSG = 2 if BCS = 3, and BCSG = 3 if 

BCS >3. Lactation group was categorized as follows: LACGP = 1 if lactation = 1, 

LACGP = 2 if lactation = 2, and LACGP = 3 if lactation >2. Calf information was 

categorized as CALF = 1 if the cow had a live female calf, CALF = 2 if the cow had a 

live male calf, CALF = 3 if the cow had a stillbirth calf, and CALF = 4 if the cow had 

twins. A 5-point scale was used for EASE: EASE 1 was defined as calvings that 

occurred easily without assistance; EASE 2 was defined as unassisted, but more 

difficult than EASE 1, calvings; EASE 3 was defined as calvings requiring easy 

assistance from a person; EASE 4 was defined as vaginally delivered calvings 

requiring the calf position to be corrected or hard traction to be applied to deliver the 

calf; and EASE 5 was defined as calvings requiring fetotomy or caesarian section. 

Descriptive statistics analysis was undertaken in SAS using the FREQ 

procedure (SAS Institute Inc., Cary, NC). An ANOVA model was fitted in SAS using 

the MIXED procedure to assess the effect of several independent variables on 

ULSOD620. The independent variables BCSG, LACGP, APYO, pregnancy at 100 
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DIM, pregnancy at 120 DIM, death or culling, CALF, EASE, abortion, RP, and MET 

were offered to the model. Variables were manually and stepwise removed from the 

model when the P-value >0.05. The variable ENDOM was not offered to the model 

because of its multicollinearity with ULSOD620. All possible 2-way interactions 

between the independent variables were added to the model; none was significant. To 

compare the accuracy of OD measured at several different wavelengths (200, 352, 

620, 790, 860, and 960 nm) to predict the dichotomized endometritis score of the 

uterine lavage sample (ENDOM = 0 if mucus score ≤ 1, ENDOM = 1 if mucus score 

>1), a receiver operating characteristic (ROC) curve analysis was performed using 

MedCalc version 11.5.1.0 software (MedCalc Software, Mariakerke, Belgium). The 

area under the curve (AUC) was used to select the most accurate wavelength of OD; 

620 nm had the greatest AUC and was selected for further analysis. To estimate a 

threshold of ULSOD620, a second ROC analysis was performed and a threshold of 

0.058 was indicated. In addition to the AUC, the following measures were estimated 

using MedCalc: sensitivity, specificity, positive predictive value, and negative 

predictive value. Because it was used for the previous analysis, the gold standard was 

the dichotomous endometritis diagnosis (endometritis score >1). A similar ROC 

analysis was performed with data regarding ULSOD620 and the percentage of 

neutrophils in uterine lavage samples. In this case, the gold standard was the 

dichotomous endometritis diagnosis based on information regarding percentage of 

neutrophils in uterine lavage samples. Cows having a percentage of neutrophils >18% 

were characterized as suffering from endometritis. 
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The effect of the dichotomized ULSOD620 on reproduction was analyzed by 

Cox’s proportional hazard using MedCalc. For this analysis of reproduction, cows 

were right censored if not diagnosed as being pregnant before culling, death, or the 

end of the data collection period. Variables offered to the models included 

dichotomized ULSOD620 and LACGP. 

A logistic regression was fitted in SAS using the Logistic procedure to 

examine in detail the association of the independent variables BCSG, LACGP, APYO, 

pregnancy at 100 DIM, pregnancy at 120 DIM, death or culling, CALF, EASE, 

abortion, RP and MET with the odds of endometritis as defined by the dichotomized 

ULSOD620. 

Finally, association between clinical endometritis (as defined by visual uterine 

lavage scores) and dichotomized ULSOD620 scores with the cytological evidence of 

inflammation (measured as the percentage of neutrophils among other cells in uterine 

lavage samples) were estimated with the use of 1-way ANOVA in JMP 9 (SAS 

Institute Inc., Cary, NC). 

RESULTS 

Descriptive statistics 

In total, 1,742 cows from 3 farms were enrolled in the study; descriptive 

statistics concerning the incidence of metritis, retained placenta, and clinical 

endometritis by lactation, farm and BCSG are in Table 2.1. Additionally, 29 cows had 

missing BCS data, and only 554 cows had OD data for all evaluated wavelengths 

(200, 352, 620, 790, 860, and 960 nm). All cows enrolled had data for OD measured at 

620 nm. 
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Table 2.1: Descriptive statistics of 1,742 cows at study enrollment by lactation, 

BCS group (BCSG), and farm, including the number of cows per group and the 

incidence of clinical endometritis, metritis, and retained placenta 

  Incidence, % 

Item 
Cows, 

no. 

Clinical endometritis 

(35 ± 3 DIM) 

Metritis 

(wk 2 of lactation) 

Retained placenta 

(wk 1 of lactation) 

Lactation     

1 565 11.4 27.1 6.4 

2 650 8.2 9.4 3.4 

≥3 527 10.6 9.7 7.6 

P-value  0.14 <0.01 <0.01 

Total 1,742 10.0 15.2 5.6 

BCSG     

1 294 11.2 16.0 6.1 

2 1,118 10.8 14.94 6.1 

3 301 6.0 15.3 3.6 

P-value  0.02 0.77 0.22 

Total 1,713 10.0 15.3 5.7 

Farm     

1 303 7.6 5.3 4.6 

2 248 6.2 8.1 8.5 

3 1,191 11.4 19.2 5.3 

P-value  0.01 <0.01 0.12 

Total 1,742 10.0 15.2 5.6 

  



55 

 

Effect of Clinical Endometritis, Metritis, T. pyogenes Infection, and Lactation on 

Measured ULSOD620 

Uterine lavage sample OD620 was associated with clinical endometritis (P < 

0.0001). The mean ULSOD620 was 0.18 compared with 0.06 for cows diagnosed with 

and without clinical endometritis, respectively (Figure 2.1). Clinical endometritis was 

not subjected to ANOVA. 

Uterine lavage sample optical density measured at 620 nm differed 

significantly based on lactation, diagnosis of metritis, and presence of intrauterine T. 

pyogenes infection. Cows in lactation 1, 2, and ≥3 had ULSOD620 averages of 0.12 

(95% CI: 0.11–0.13), 0.10 (95% CI: 0.09–0.11), and 0.11 (95% CI: 0.10–0.12), 

respectively (P = 0.02). In addition, the average ULSOD620 for cows diagnosed with 

or without metritis was 0.13 (95% CI: 0.11–0.14) and 0.09 (95% CI: 0.08–0.10), 

respectively (P < 0.001). Furthermore, cows positive for T. pyogenes had a ULSOD620 

average of 0.14 (95% CI: 0.12–0.16), which was significantly higher than the 

ULSOD620 of 0.08 (95% CI: 0.07–0.09) for cows negative for T. pyogenes (P < 

0.001). 

ROC Curve Analysis 

A ROC analysis was performed to evaluate the accuracy of optical density 

measured at several different wavelengths (200, 352, 620, 790, 860, and 960 nm). The 

AUC was 0.84, 0.845, 0.848, 0.830, 0.815, and 0.754 for optical density measured at 

wavelengths 200, 352, 620, 790, 860, and 960 nm, respectively. The ULSOD620 was 

selected for further analysis because it presented the greatest AUC between the 

wavelengths evaluated, and therefore, the best ROC curve to detect clinical 
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endometritis. A second ROC analysis was conducted for ULSOD620 using the data 

from all cows enrolled, and the AUC for this new ROC curve was 0.85. The 

recommended threshold for this ROC curve was 0.058, where the sensitivity was 

76.3% and the specificity 78.3% (Table 2.2). A ROC analysis was conducted for 

ULSOD620 using percentage of neutrophils in uterine lavage samples as the gold 

standard; cows with >18% neutrophils were considered endometritis positive and 

cows with ≤18% neutrophils were considered endometritis negative. The AUC for this 

curve was 0.862. The recommended threshold for this ROC curve was 0.059, where 

the sensitivity was 100% and the specificity 82.2%. 

 

 

Figure 2.1: Mean optical density (OD) measured at 620 nm of uterine lavage 

samples for cows diagnosed with clinical endometritis (1) and cows diagnosed 

without clinical endometritis (0). Cows diagnosed with clinical endometritis had 

mean OD of 0.18 (95% CI: 0.17–0.20) and cows diagnosed without clinical 

endometritis had mean OD of 0.06 (95% CI: 0.05–0.07). Error bars represent the 

95% CI for the means (P < 0.0001). 
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Table 2.2: Outcome of the receiver operating characteristic (ROC) curve analysis performed to evaluate the 

optimum uterine lavage sample optical density measured at 620 nm threshold for the detection of clinical 

endometritis
1
  

 

Probability 

threshold 

Sensitivity, % 

(95% CI) 

Specificity, % 

(95% CI) 

Positive 

predictive 

value, % 

Negative 

predictive 

value, % 

Overall 

accuracy, % 

Cows above 

threshold, % 

>0.054 80.9 (74.3-86.5) 72.29 (70.0-74.5) 24.5 97.2 73.15 33.02 

>0.055 80.3 (73.6-86.0) 73.6 (71.3-75.7) 25.2 97.1 74.25 31.81 

>0.056 78.6 (71.7-84.5) 75.82 (73.6-77.9) 26.5 97.0 76.09 29.62 

>0.057 76.3 (69.3-82.4) 77.5(75.3-79.5) 27.3 96.7 77.37 27.89 

>0.058
2
 76.3 (69.3-82.4) 78.3 (76.1-80.3) 28.0 96.7 78.06 27.19 

>0.059 74.0 (66.8-80.4) 79.28 (77.2-81.3) 28.4 96.5 78.75 26.04 

>0.060 72.8 (65.6-79.3) 80.3 (78.2-82.3) 29.1 96.4 79.56 25.00 

>0.061 72.2 (64.9-78.8) 81.0 (79.0-82.9) 29.7 96.3 80.14 24.31 

>0.062 71.7 (64.3-78.3) 82.0 (80.0-83.9) 30.6 96.3 80.95 23.38 

1
Sensitivity, specificity, positive predictive value, negative predictive value, overall accuracy, and percentage of cows above the suggested 

probability threshold were estimated for each hypothetical probability threshold. 
2
Probability threshold suggested by the ROC curve analysis. 
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Effect of Dichotomized ULSOD620 on Reproduction 

A multivariable Cox proportional hazard model was performed, and the only 

variables retained in this model were LACGP and the dichotomized ULSOD620; cows 

with ULSOD620 ≤0.058 were 1.21 times more likely to conceive compared with cows 

with ULSOD620 >0.058 (hazard ratio = 1.21, P < 0.01). Additionally, the median 

calving-to-conception interval for cows that had ULSOD620 ≤0.058 was 122 d 

compared with 148 d for cows with ULSOD620 >0.058 (Log rank test, P < 0.001, 

Figure 2.2). Moreover, by 250 DIM, the percentage of cows pregnant was 

significantly lower for cows with ULSOD620 above the threshold. By 250 DIM, 68% 

of cows with ULSOD620 >0.058 were pregnant, whereas 75% of cows with ULSOD620 

≤0.058 had conceived (Figure 2.2). 

Association of Metritis, Retained Placenta, and T. pyogenes with the Odds of 

Endometritis as Defined by the Dichotomized ULSOD620 

The use of a multivariable logistic regression model revealed that the variables 

APYO, MET, and RP were significantly associated with the dichotomized ULSOD620. 

Cows that were positive for APYO had 4.0 times higher odds of having ULSOD620 

>0.058 (P < 0.001); 59.6% of the APYO positive cows (n = 151) had ULSOD620 

>0.058, and only 24% (n = 1,577) of the APYO negative cows had ULSOD620 >0.058. 

Additionally, cows diagnosed with MET were at a 1.4 increased odds of having 

ULSOD620 >0.058 (P = 0.035); 39.6 and 24.9% of the cows that were diagnosed with 

and without MET (n = 265 and 1,477) had ULSOD620 >0.058, respectively. Moreover, 

cows with RP had 1.7 times higher odds of having ULSOD620 above the probability 
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threshold suggested by the ROC curve analysis (26.1%, n = 1,644; P = 0.04); 44.9% 

of the cows with RP (n = 98) had ULSOD620 >0.058. 

 

 

 

Figure 2.2: Cox proportional hazards survival analysis of the calving-to-

conception interval for cows that presented optical density (OD) measured at 620 

nm of uterine lavage sample >0.058. Cows below this threshold (solid line, n = 

1,072) had a median calving-to-conception interval of 122 d compared with 148 d 

for cows that had uterine sample lavage optical density measured at 620 nm 

above 0.058 (dashed line, n = 400). Variables offered to the models included 

dichotomized uterine sample lavage OD measured at 620 nm and lactation group 

(P < 0.001). 
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Association of Clinical Endometritis and Dichotomized ULSOD620 Scores with 

Cytological Evidence of Inflammation 

Results regarding the association of clinical endometritis (as defined by visual 

uterine lavage scores) and dichotomized ULSOD620 scores with the percentage of 

neutrophils among other cells in uterine lavage samples are in Table 2.3. Different 

visual scores or dichotomized ULSOD620 scores were accompanied by statistically 

significant differences in cytological evidence of inflammation. However, the 

differences were clearer and of greater significance when dichotomized ULSOD620 

scores were used. 

 

Table 2.3: Association of clinical endometritis and dichotomized uterine lavage 

sample optical density measured at 620 nm (ULSOD620) with mean percentages 

of neutrophils in uterine lavage samples 

 

Item Mean ± SE P-value 

Clinical endometritis   

No 4.4 ± 1.1 0.013 

Yes 19.5 ± 5.9  

ULSOD620   

≤0.058 2.7 ± 1.2 0.0001 

>0.058 12.6 ± 2.1  

 

DISCUSSION 

Optical density, also known as absorbance, refers to the mathematical quantity 

of the physical process of absorbing light (Gold and International Union of Pure and 

Applied Chemistry, 1987). It is largely used to measure the concentration of proteins 

or cells in suspension in a liquid sample (Glasel, 1995; Metris et al., 2006). In the 

present study, ULSOD620 was analyzed by using ROC and visual scoring of clinical 
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endometritis as the gold standard, from which it was determined that a threshold of 

ULSOD620 >0.058 should be applied to define diseased cows, achieving an overall 

accuracy of 78%. It is important to highlight that, currently, no perfect diagnostic test 

(gold standard) exists for clinical endometritis and, therefore, our ROC analysis was 

carried out with that limitation. 

The incidence of clinical endometritis was 10%, considered low compared 

with the 15 to 42% found in other studies (LeBlanc et al., 2002; LeBlanc, 2008; 

Plontzke et al., 2010). The diagnostic method used in this study may be the main 

reason for this low incidence of disease. With the low-volume uterine lavage 

technique, only the presence of a mucopurulent secretion inside the uterus was 

assessed, eliminating false-positive diagnoses that are more common with other 

methods of diagnosis such as rectal palpation and visual inspection of vaginal 

discharge (LeBlanc, 2008; Plontzke et al., 2010; Potter et al., 2010). 

Uterine lavage sample optical density measured at 620 nm was highly 

associated with the diagnosis of clinical endometritis; the risk factors for high 

ULSOD620 found in this study supported those associated with clinical endometritis 

found in other studies: presence of T. pyogenes in the uterine lumen (Bondurant, 

1999), metritis (Dubuc et al., 2010b), and parity (Potter et al., 2010). In contrast, other 

risk factors described in previous studies were not important for the ULSOD620, such 

as dystocia, stillbirth, and offspring (Dubuc et al., 2010b; Potter et al., 2010). Retained 

placenta is a risk factor for clinical endometritis (Potter et al., 2010). In the present 

study it was not an important risk factor for a high ULSOD620 value; it was only a risk 

factor for the dichotomized ULSOD620. 
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The incidence of retained placenta was 5.6%, which can be considered low 

when compared with other studies, which reported incidence of 8.6 and 11.8% (Kelton 

et al., 1998; Dubuc et al., 2010b). This low incidence could explain why retained 

placenta was not a risk factor for a high ULSOD620 value. The ULSOD620 mean for 

cows with retained placenta was greater than that for cows without retained placenta, 

but because of the low incidence of retained placenta, the statistical power was also 

low. Nevertheless, retained placenta was significantly important for the dichotomized 

ULSOD620. 

Metritis was one of the most important factors associated with ULSOD620. 

Clinical endometritis and metritis appear to be linked uterine diseases; however, 

metritis is not necessary for the development of endometritis (Bondurant, 1999; Dubuc 

et al., 2010b). Trueperella pyogenes can be recovered from the uterus of cows with 

either normal puerperium or metritis (Silva et al., 2008; Santos et al., 2010), and this 

infection can persist inside the uterine lumen as endometritis (Bondurant, 1999; Miller 

et al., 2007). Additionally, clinical endometritis is associated with factors that caused 

lesions in the uterus, such as dystocia, twin parturition, and retained placenta (Dubuc 

et al., 2010b; Potter et al., 2010). Therefore, clinical endometritis could be linked to 

metritis because of the uterine damage caused by metritis (Bondurant, 1999). 

The presence of T. pyogenes in the uterine lumen has been associated with 

chronic uterine inflammation (Bondurant, 1999), and thus bacterial culture was used 

as a means to detect false-positive diagnosis of clinical endometritis when the 

diagnosis is based on the presence of a mucopurulent discharge in the vagina 

(Westermann et al., 2010). In the present study, the presence of T. pyogenes in the 
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uterine lavage sample was associated with a high mean ULSOD620. It was reported 

that T. pyogenes causes severe endometrial lesions (Miller et al., 2007), leading to an 

antiinflammatory response (Westermann et al., 2010). Therefore, a high ULSOD620 

could be not only a result of the presence of bacterial cells in the uterine lavage 

sample, but also the outcome of the endothelial inflammatory process caused by this 

pathogen. This assumption is supported by the results regarding ULSOD620 and the 

percentage of neutrophils among other cells in uterine lavage samples. Cows with high 

ULSOD620 (>0.058) had a significantly higher percentage of neutrophils (Table 2.3). 

Endometrial cytology has been used for the diagnosis of endometritis in 

postpartum Holstein cows. Kasimanickam et al. (2004) defined subclinical 

endometritis as the presence of >18% neutrophils in samples obtained from the uterine 

lumen of clinically healthy cows at 20 to 33 DIM. The data presented suggested that 

we could use the dichotomized ULSOD620 to accurately (100% sensitivity, 82.3% 

specificity) identify cows with endometritis (defined as the presence of >18% 

neutrophils in samples obtained from the uterine lumen of all cows with endometrial 

cytology information available). Endometrial cytology is considered an objective 

technique for the diagnosis of endometritis (Gilbert et al., 2005; Westermann et al., 

2010). Therefore, ULSOD620 measurements could be used as an alternative to 

endometrial cytology diagnostic techniques, and it should be noted that obtaining 

ULSOD620 measurements is much less laborious than obtaining endometrial cytology 

information. The results observed this study must be replicated by other researchers 

using a distinct population of animals. It should be acknowledged that the 18% 



64 

 

threshold is under discussion because different thresholds have been suggested by 

other researchers. 

Cows diagnosed with endometritis have impaired reproductive performance 

(Gilbert et al., 2005; Barlund et al., 2008; Plontzke et al., 2010). The extended calving 

interval and increased culling caused by inefficient reproductive performance cause 

severe economic loss in the dairy industry (Lee and Kim, 2007). To evaluate the effect 

of dichotomized ULSOD620 on reproductive performance, a survival analysis was 

performed (Cox proportional hazard), controlling for parity. Cows with ULSOD620 

>0.058 were less likely to conceive and had a greater median calving-to-conception 

interval than cows with ULSOD620 ≤0.058. This finding shows that elevated 

ULSOD620 had a negative effect on reproductive performance and consequently a 

potential negative economic impact on the dairy herd. 

The ULSOD620 value could be a useful tool for assessment of uterine health in 

research. For instance, it could be used as a continuous variable for comparison of 

different treatment groups. The technique of measuring ULSOD is simple and fast and 

does not require special training. Moreover, it can prevent diagnostic bias because it 

provides a numerical value that cannot be influenced by the researcher. It is important 

that sample collection and processing be standardized to avoid excessive variation 

between research groups. In conclusion, we suggest that ULSOD620 could be used for 

the evaluation of postpartum uterine health. It is a technique that provides objective 

information of similar quality and accuracy to that obtained by endometrial cytology.  
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ABSTRACT 

The objective of this study was to evaluate the effects of intrauterine 

administration of 50 g of ultrapure mannose or a bacteriophage cocktail and the 

presence of Escherichia coli and Trueperella pyogenes in the uterine lumen on uterine 

health and reproductive performance of lactating dairy cows. The study was conducted 

on a commercial dairy farm located near Ithaca, New York, from May 4, 2010 to 

January 20, 2011, and 597 cows were enrolled. The cows were divided randomly into 

3 treatment groups, and treatments were administered at 2 ± 1 d in milk (DIM). 

Treatment 1 consisted of intrauterine administration of 50 g of ultrapure mannose 

powder divided in 4 capsules; treatment 2 consisted of intrauterine administration of a 

bacteriophage cocktail that included 4 different phages in one capsule, with a dose of 

approximately 10
7
 plaque forming units; and treatment 3 consisted of intrauterine 

administration of one empty capsule (control). Intrauterine fluid swabs were collected 

on day of treatment and at 10 ± 3 DIM; uterine lavage samples were collected at 35 ± 

3 DIM. Swabs and uterine lavage samples were cultured for E. coli and T. pyogenes. 

The intrauterine administration of mannose and bacteriophage did not affect uterine 

health, reproduction performance, or outcome of intrauterine secretion cultures for E. 

coli and T. pyogenes. Prevalence of intrauterine E. coli at 2 ± 1 DIM and T. pyogenes 

at 2 ± 1, 10 ± 3, and 35 ± 3 were affected by retained placenta. Additionally, 

prevalence of intrauterine E. coli at 10 ± 3 and T. pyogenes at 35 ± 3 DIM were 

associated with metritis, and cows that were diagnosed with clinical endometritis at 35 

± 3 DIM had greater prevalence of intrauterine E. coli at 2 ± 1 DIM and T. pyogenes at 

35 ± 3 DIM. Furthermore, cows positive for E. coli at 2 ± 1 and 10 ± 3 DIM and for A. 
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pyogenes at 10 ± 3 DIM had 1.63, 2.34, and 1.54 increased odds of having metritis. 

Cows positive for T. pyogenes at 35 ± 3 DIM and for E. coli at 2 ± 1 DIM had 19.8 

and 2.66 higher odds of being diagnosed with clinical endometritis, respectively. 

Additionally, cows negative for E. coli at 2 ± 1 DIM were 1.39 times more likely to 

conceive than cows positive cows for E. coli. 

Key words: dairy cows, uterine health, uterine cultures, bacteriophage, mannose 

INTRODUCTION 

Postpartum uterine diseases (specifically puerperal metritis, clinical 

endometritis, and subclinical endometritis) are important for animal welfare and 

economic reasons because they contribute to cow discomfort, elimination from the 

herd, and impaired reproductive performance. Puerperal metritis is defined as an 

abnormally enlarged uterus and a fetid, watery, red-brown uterine discharge associated 

with signs of systemic illness (decreased milk yield, dullness, or other signs of 

toxemia) and temperature >39.5°C within 21 d after parturition, whereas endometritis 

is the inflammation of the uterus without systemic illness (Sheldon et al., 2006). 

The uterine lumen is usually contaminated by bacteria after parturition (Foldi 

et al., 2006). The composition of the bacterial flora in the postpartum uterus of dairy 

cows differs between healthy cows and cows with metritis (Santos et al., 2011). 

Escherichia coli, Trueperella pyogenes, and Fusobacterium necrophorum are 

considered important etiological agents of uterine diseases (Miller et al., 2007; Bicalho 

et al., 2010a; Santos et al., 2011). Moreover, the E. coli fimH gene is prevalent and 

expressed in E. coli that infect the postpartum uterus (Bicalho et al., 2010a; Sheldon et 

al., 2010). The FimH protein is an E. coli type 1 pili adhesive protein that plays an 
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important role in the adhesion to mannosides (Krogfelt et al., 1990) and enables 

bacteria to colonize epithelial surfaces (Mooi and de Graaf, 1985). It is known that E. 

coli expressing the type 1 pili containing FimH causes urinary tract infection in 

humans (Kaper et al., 2004), and it is critical for the ability of these E. coli to adhere to 

and colonize the bladder epithelium (Mulvey, 2002). Additionally, the presence of the 

fimH gene in intrauterine E. coli plays an important role in postpartum uterine diseases 

(Bicalho et al., 2010a). Immunization with FimH prevents E. coli colonization of the 

bladder mucosa in mice (Langermann et al., 1997), and oral treatment with FimH 

antagonists has the potential to reduce E. coli colonization in the bladder and could be 

an effective treatment for urinary tract infection in humans (Klein et al., 2010). 

Sheldon et al. (2010) reported that adhesion of intrauterine E. coli to endothelial cells 

is at least partly mediated by FimH. Therefore, mannose (a FimH antagonist) could 

bind to intrauterine E. coli FimH, preventing E. coli from adhering to the uterine 

mucosa (Sheldon et al., 2010) and potentially reduce the subsequent presence of T. 

pyogenes in the uterine lumen (Dohmen et al., 2000), thus reducing the occurrence of 

uterine diseases (Bonnett et al., 1991; Bondurant, 1999). This assumption is partly 

supported by the fact that King et al. (1998) reported that mannose might be effective 

in reducing bacterial infection in the equine endometrium. 

Bacteriophages are viruses that infect bacteria; they are obligate intracellular 

parasites because they lack their own metabolism. Phages are host specific, able to 

infect only specific species or even strains of bacteria (Barrow and Soothill, 1997). 

Optimistic results regarding their use against certain bacterial infections have been 

revealed by recent randomized clinical trials in mice and cattle. Mice were 
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successfully rescued with a single injection of a phage solution containing 3 × 10
8
 pfu 

of a certain bacteriophage after being inoculated with lethal doses of vancomycin-

resistant Enterococcus faecium (Biswas et al., 2002). Additionally, Smith and Huggins 

(1983) reported that bacteriophage therapy was successful when newborn, colostrum-

deprived calves were inoculated with E. coli and treated with intramuscular 

inoculation of bacteriophages. Our research group isolated environmental 

bacteriophages using E. coli isolated from postpartum uterus (Bicalho et al., 2010b) 

and evaluated the in vitro antimicrobial activity of a bacteriophage cocktail against 

intrauterine E. coli (Santos et al., 2010). This cocktail was able to inhibit in vitro 

growth of E. coli isolates but its in vivo effectiveness is yet to be tested. 

Ideally, treatments for uterine diseases should control pathogens from the 

uterus and should result in withdrawal periods for milk and meat that are as short as 

possible (Azawi, 2008). Systemic or intrauterine antibiotic therapy is commonly used 

as the treatment for metritis (Azawi, 2008). However, extensive use of antimicrobials 

in food animal production has contributed to the emergence of antimicrobial resistance 

among pathogens, which complicates the treatment of infectious diseases (Tollefson et 

al., 1999). 

The presence of E. coli and T. pyogenes in the uterus is associated with uterine 

inflammation and impaired reproductive performance (Studer and Morrow, 1978; 

Bonnett and Martin, 1995; Bondurant, 1999). Although Studer and Morrow (1978) 

reported that the uterine presence of both cultures was associated with poor 

reproductive performance, Bonnett and Martin (1995) and Williams et al. (2005) 
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found that only the presence of T. pyogenes in the uterus was associated with 

reproductive failure. 

Therefore, the objective of this study was to evaluate the effectiveness of 2 

alternative treatments (50 g of ultrapure mannose or a phage cocktail that was 

effective in killing intrauterine E. coli in vitro) for preventing metritis and reducing 

uterine contamination. Additionally, this study aimed to investigate the association of 

uterine presence of T. pyogenes and E. coli at 3 time points (2 ± 1, 10 ± 3, and 35 ± 3 

DIM) with uterine health and reproductive performance. 

MATERIALS AND METHODS 

Farm and Management 

The study was conducted on a commercial dairy farm located near Ithaca, New 

York, from May 4, 2010, to January 20, 2011. This farm was selected because of its 

long working relationship with the Ambulatory and Production Medicine Clinic at 

Cornell University. The farm milked 2,800 Holstein cows 3 times daily in a double 

52-stall parallel milking parlor. The cows were housed in freestall barns with concrete 

stalls covered with mattresses and bedded with manure solids. All cows were offered a 

TMR consisting of approximately 55% forage (corn silage, haylage, and wheat straw) 

and 45% concentrate (corn meal, soybean meal, canola, cottonseed, and citrus pulp) 

on a DM basis. The diet was formulated to meet or exceed the National Research 

Council nutrient requirements (NRC, 2001) for lactating Holstein cows weighing 650 

kg and producing 45 kg of 3.5% FCM. Reproductive management used a combination 

of Presynch (Moreira et al., 2001), Ovsynch (Pursley et al., 1995), Resynch (Fricke et 

al., 2003), and detection of estrus, with 25 to 30% of cows bred via timed AI and the 
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remainder bred after detection of estrus solely by activity monitors (Alpro, DeLaval, 

Kansas City, MO). 

Treatment groups and Case definition 

Before the study, statistical power and sample size calculations were 

performed. Considering a sample size of 200 cows per group, a statistical power of 

0.8, a P-value of 0.05, and an overall incidence of metritis of 20%, a reduction in the 

metritis incidence of 50% or more between treatment groups would have been 

statistically significant. In total, 597 cows were enrolled in the study and there were no 

study exclusion criteria. A total randomized field trial study design was used; cows 

were randomly allocated into 1 of 3 treatments groups using the random number 

function of Excel (Microsoft Corp., Redmond, MA). Treatment 1 consisted of 

intrauterine administration of 50 g of ultrapure mannose powder divided into 4 

capsules; 50 g of mannose is 10 times the amount used by King et al. (1998), when 

they effectively reduced bacterial infection in the equine endometrium. The cow’s 

uterus is enlarged after parturition; therefore, we proposed to increase the mannose 

dose for this study. Treatment 2 consisted of intrauterine administration of a 

bacteriophage cocktail that included 4 phages in one capsule with titration of 

approximately 10
7
 pfu. The bacteriophages used in the cocktail were isolated and 

tested in vitro in previous studies (Bicalho et al., 2010b; Santos et al., 2010); 

multiplicity of infection (MOI) as low as 10
−4

 affected the growth of E. coli when 

tested in vitro. Because the quantity of E. coli present in the postpartum uterus was 

unknown, the bacteriophage treatment dose was selected based on treatment 

production limitations. Treatment 3 consisted of the intrauterine administration of one 
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empty capsule, which was considered the control treatment. The capsules used for the 

treatment were made from porcine gelatin (Torpac, Fairfield NJ). The treatments were 

administered at 2 ± 1 DIM by the research team as follows: cows were restrained and 

the perineum area was cleansed and disinfected with 70% ethanol solution. Then, a 

sterile swab (Har-Vet McCullough Double-Guarded Uterine Culture Swab, Spring 

Valley, WI) covered by a sterile pipette (inside a plastic sheath) was introduced to the 

cranial vagina. The pipette was manipulated through the cervix into the uterus. There, 

the sheath was ruptured and the swab was exposed to uterine secretion. The swab was 

pulled inside the pipette and kept in transportation medium at 4°C until it was 

processed in the laboratory. Subsequently, the capsules were introduced with a clean 

sleeve to the cranial vagina and then manually through the cervix into the uterus. 

Swabs were cultured aerobically on MacConkey agar (Difco, Becton Dickinson, 

Franklin Lakes, NJ) at 37°C, and E. coli colonies were distinguished by a purple-red 

color. The swabs were also cultured on Mueller-Hinton agar plates (BBL, Becton 

Dickinson) supplemented with 5% defibrinated sheep blood for 48 h aerobically in 5% 

CO2 at 38°C. Typical T. pyogenes colonies were distinguished by colony morphology, 

post incubation hemolysis, and characteristic appearance on Gram stain. Metritis 

diagnosis was performed at 10 ± 3 DIM by the research team as follows: the uterus 

was palpated to expel uterine fluids, and the presence of fetid, watery, red-brown 

uterine discharge was defined as metritis (Sheldon et al., 2006). Metritis peaks in the 

first 7 d after calving (LeBlanc, 2008); however, because of study logistics, we could 

only diagnose metritis at 10 ± 3 DIM. 
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A swab of the uterine fluids was taken and cultured as described above. 

Clinical endometritis was traditionally diagnosed primarily by presence of a 

mucopurulent vaginal discharge (LeBlanc et al., 2002; Sheldon et al., 2006). More 

recently, it has been established that many cows with purulent or mucupurulent 

vaginal discharge are free of endometrial inflammation (Dubuc et al., 2010a,b). We 

therefore adapted our diagnostic procedure. Clinical endometritis was evaluated at 35 

± 3 DIM by visual inspection of a uterine lavage sample obtained as described by 

Gilbert et al. (2005). In this way, we were able to ensure that visible signs of 

inflammation (purulent or mucupurulent exudate) emanated from the uterus, rather 

than from another site. Uterine lavage sampling was performed as follows: the cow 

was restrained, the perineum area was cleansed and disinfected with 70% ethanol, and 

a plastic infusion pipette was introduced into the cranial vagina and manipulated 

through the cervix into the uterus. A total of 20 mL of sterile saline solution was 

infused into the uterus and agitated gently, and a sample of the fluid was aspirated. 

The volume of recovered fluid ranged from 5 to 15 mL. All of the samples were 

visually scored by one investigator, who assessed the presence of a purulent or 

mucopurulent secretion in the uterine lavage sample. The score ranged from 0 to 2, 

with 0 indicating absence of a purulent or mucopurulent secretion in the lavage 

sample, 1 indicating a bloody but not purulent sample, and 2 the presence of pus in the 

lavage sample. Cows with a score of 2 were considered as diagnosed with clinical 

endometritis. Samples were kept in ice until they were processed in the laboratory and 

cultured as described above. 
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Body condition scores were recorded at the time of each sampling using a 5-

point scale with a quarter-point system as described by Edmonson et al. (1989). 

Stillbirth was defined as death of a calf occurring just before, during, or within 48 h of 

parturition (Philipsson et al., 1979). Retained placenta was defined as a condition 

where cows fail to release their fetal membranes within 24 h of calving (Kelton et al., 

1998), and it was diagnosed by the farm workers. Data regarding reproductive 

performance were extracted from the farm’s DairyComp 305 database (Valley 

Agricultural Software, Tulare, CA). 

Statistical Analysis 

To facilitate data analysis and interpretation, the variables BCS loss (LOSS, 1 

if the cow lost BCS from 1 to 35 DIM; 0 if cow maintained or gained BCS from 1 to 

35 DIM), presence of clinical endometritis at 35 (ENDOM), presence of metritis at 10 

(MET), presence of retained placenta at 2 (RP), the outcome of the uterine lavage 

sample culture for E. coli at 2, 10 and 35 DIM (ECOLI1; ECOLI2; ECOLI3), and 

the outcome of the uterine lavage sample culture for T. pyogenes at 2, 10, and 35 DIM 

(APYO1; APYO2; APYO3) were created. Additionally, descriptive statistics analysis 

was undertaken in SAS using the FREQ procedure (SAS Institute Inc., Cary, NC). 

Two logistic regression models were fitted in SAS using the Logistic 

procedure to examine in detail the association of the independent variables treatment 

(mannose = 1, phage = 2, and control = 3), parity, ECOLI1, ECOLI2, APYO1, 

APYO2, APYO3, LOSS, and RP with the odds of metritis and endometritis incidence. 

The association between the different uterine culture outcomes at different time points 
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was evaluated with the use of Chi-squared analysis in JMP 9 (SAS Institute Inc., Cary, 

NC). 

The effect of several independent variables on reproduction was analyzed by 

Cox’s proportional hazard using the proportional hazard regression procedure in SAS. 

For this analysis of reproduction, cows were right-censored if not diagnosed as being 

pregnant before culling, death, or the end of the data collection period, which was 

around 210 DIM. Variables offered to the models included treatment (mannose = 1, 

phage = 2, and control = 3), parity, MET, ENDOM, ECOLI1, ECOLI2, APYO1, 

APYO3, LOSS, and RP. To illustrate the effect of ECOLI1 on reproduction, Kaplan-

Meier survival analysis was performed using MedCalc version 11.5.1.0 software 

(MedCalc Software, Mariakerke, Belgium); the Logrank test was used to compute P-

values. For all models described above, independent variables and their respective 

interactions were kept when P < 0.10 in an attempt to reduce the type II error risk 

while maintaining a stringent type I error risk of 5%. The variable treatment was 

forced into all statistical models, even in the absence of statistical significance. 

RESULTS 

The 2 treatments tested did not have any effect on the results of the outcome of 

intrauterine secretions cultures (Table 3.1), were unsuccessful in the prevention of 

metritis or endometritis (Table 3.3), and did not affect reproductive performance 

(Table 3.5). However, we forced the variable treatment into all statistical models. The 

treatments did not affect the proportion of cows bred via timed AI. The percentage of 

cows bred via timed AI was 22.25, 25.33, and 27.83% for cows in the mannose, 

bacteriophage, and control groups, respectively (P = 0.14).
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Table 3.1: Descriptive statistics of the effect of risk factors on the outcome of the intrauterine secretion cultures 

Risk factors 
Cows, 

no. 

Intrauterine E. coli % (95%.C.I.) Intrauterine A. pyogenes% (95%.C.I.) 

2 ± 1 DIM 10 ± 3 DIM 35 ± 3 DIM 2 ± 1 DIM 10 ± 3 DIM 35 ± 3 DIM 

Treatment
1 

       

Mannose 188 44.9 (37-53)
a 

64.8 (56-73)
a 

9.3 (5-15)
a 

39.2 (32-47)
a 

45.8 (38-54)
a 

12.8 (8-19)
a 

Phage 218 35.7 (29-43)
a 

66.5 (59-74)
a 

8.4 (5-13)
a 

34.2 (27-41)
a 

39.7 (32-48)
a 

16.3 (11-21)
a 

Control 191 42.2 (35-50)
a 

72.6 (65-78)
a 

10.1 (6-15)
a 

28.3 (22-36)
a 

47.3 (39-56)
a 

13.5 (9-19)
a 

Lactation        

Parity =1 264 37.5 (31-44)
a 

68.7 (62-75)
a 

9.1 (6-13)
a 

34.6 (29-41)
a 

47.1 (40-54)
a 

13.0 (9-18)
a 

Parity =2 171 41.2 (33-50)
a 

63.9 (55-72)
a 

10.1 (6-16)
a 

34.5 (27-43)
a 

41.0 (32-50)
a 

13.9 (9-20)
a 

Parity ≥ 3 162 45.7 (37-55)
a 

71 (61-79)
a 

8.5 (5-14)
a 

31.8 (24-41)
a 

41 (31-51)
a 

17.0 (11-24)
a 

RP
2 

       

No 560 37.7 (33-42)
a 

66.6 (62-71)
a 

9.8 (7-13)
a 

32.2 (28-36)
a 

45.8 (41-51)
a 

13.2 (10-16)
a 

Yes 37 89.7 (73-98)
b 

86.7 (69-96)
a 

0
a 

62.1 (42-79)
b 

20 (8-39)
b 

32.3 (17-51)
b 

Metritis
3 

       

No 385 37.5 (32-43)
a 

61.5 (55-67)
a 

10.2 (7-13)
a 

31.0 (26-36)
a 

41.4 (35-47)
a 

10.8 (8-14)
a 

Yes 196 45.5 (38-53)
a 

77.7 (71-84)
b 

7.2 (4-12)
a 

39.5 (32-47)
a 

48.6 (41-56)
a 

21.5 (16-28)
b 

Endometritis
4 

       

No 472 37.6 (33-42)
a 

67.2 (62-72)
a 

8.0 (6-11)
a 

32.1 (28-37)
a 

46.3 (41-52)
a 

6.3 (4-9)
a 

Yes 97 55.9 (45-67)
b 

71.2 (60-81)
a 

15.0 (8-24)
a 

42.9 (32-54)
a 

33.7 (23-45)
a 

53.8 (43-64)
b 

BCS
5 

       

> 3 49 31.3 (24-39)
a 

67.1 (59-65)
a 

10.0 (6-15)
a 

33.7 (26-41)
a 

47.3 (39-56)
a 

10.6 (6-16)
a 

3 50 43.5 (37-50)
a 

67.9 (61-74)
a 

10.0 (7-14)
a 

32.1 (26-38)
a 

42.4 (36-49)
a 

16.2 (12-21)
a 

 < 3 481 48.9 (38-60)
a 

69.6 (58-79)
a 

5.8 (2-12)
a 

39.1 (29-50)
a 

43.0 (32-55)
a 

15.4 (9-24)
a 

a,bValues with different superscripts within the same column and within a risk factor differ (P < 0.05). 
1Mannose treatment consisted of the intrauterine administration of 50 g of ultrapure mannose powder divided in 4 capsules; phage treatment 

consisted of the intrauterine administration of a bacteriophage cocktail in one capsule with titration of approximately 107 pfu; control consisted of 

intrauterine administration of one empty capsule. Treatments were performed at 2 ± 1 DIM. 
2RP = retained placenta, where cows fail to release their fetal membranes within 24 h of calving. 
3Metritis = presence of fetid, watery, red-brown uterine discharge at 10 ± 3 DIM. 
4Endometritis = presence of pus in the uterine lavage sample performed at 35 ± 3 DIM. 
5BCS at 10 ± 3 DIM, using a 5-point scale with a quarter-point system as described by Edmonson et al. (1989). 
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The descriptive statistics of the effect of risk factors and results regarding the 

outcome of the intrauterine secretion cultures are described in Table 3.1. Briefly, 

parity and BCS did not affect any of the outcomes of intrauterine secretion cultures. 

Retained placenta was the most important risk factor for the presence of E. coli and T. 

pyogenes in intrauterine secretions. Prevalence of intrauterine E. coli at 2 ± 1 DIM and 

T. pyogenes at 2 ± 1, 10 ± 3, and 35 ± 3 DIM were affected by retained placenta. 

Additionally, prevalence of intrauterine E. coli at 10 ± 3 and T. pyogenes at 35 ± 3 

DIM were associated with metritis. Moreover, cows that were diagnosed with clinical 

endometritis at 35 ± 3 DIM had greater prevalence of intrauterine E. coli at 2 ± 1 DIM 

and T. pyogenes at 35 ± 3 DIM. 

The association between intrauterine culture outcomes at different time points 

is described in Table 3.2. In brief, the prevalence of E. coli at 10 ± 3 DIM and T. 

pyogenes at 2 ± 1 DIM were significantly associated with presence of E. coli at 2 ± 1 

DIM. Moreover, the presence of E. coli at 10 ± 3 DIM was negatively associated with 

the prevalence of T. pyogenes at this same time point. Additionally, the presence of T. 

pyogenes at 2 ± 1 DIM was significantly associated with the prevalence of T. pyogenes 

at 35 ± 3 DIM.



81 

 

 

 

 

Table 3.2: Association of intrauterine culture outcomes in different time points 

Culture outcome 
Cows, 

no. 

Escherichia coli positive, % Trueperlla pyogenes positive, % 

2 ± 1 DIM 10 ± 3 DIM 35 ± 3 DIM 2 ± 1 DIM 10 ± 3 DIM 35 ± 3 DIM 

E. coli culture        

At 2 ± 1 DIM        

negative 322
 

- 63
a 

9
a 

31
a 

45
a 

13
a 

positive 236
 

- 77
b 

8
a 

39
b 

43
a 

16
a 

At 10 ± 3 DIM        

negative 149
 

29
a 

- 5
a 

30
a 

55
a 

16
a 

positive 330
 

44
b 

- 9
a 

33
a 

39
b 

16
a 

At 35 ± 3 DIM        

negative 517
 

41
a 

67
a 

- 33
a 

45
a 

14
a 

positive 51
 

40
a 

79
a 

- 41
a 

35
a 

16
a 

T. pyogenes culture        

At 2 ± 1 DIM        

negative 366
 

38
a 

67
a 

8
a 

- 46
a 

12
a 

positive 192
 

46
b 

71
a 

11
a 

- 41
a 

20
b 

At 10 ± 3 DIM        

Negative 270
 

40
a 

74
a 

9
a 

34
a 

- 18
a 

Positive 209
 

39
a 

60
b 

6
a 

30
a 

- 13
a 

At 35 ± 3 DIM        

negative 487
 

40
a 

68
a 

9
a 

32
a 

46
a 

- 

positive 80
a 

46
b 

68
a 

10
a 

46
b 

36
a 

- 
a,b

Values with different superscripts within the same column differ (P < 0.05). 
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Parity and presence of E. coli at 2 ± 1 and 10 ± 3 DIM and T. pyogenes at 10 ± 

3 in intrauterine secretions were significantly associated with the odds of metritis 

(Table 3.3). Cows in first and second lactation had 3.8 and 1.78 higher odds of being 

diagnosed with metritis compared with cows in third or greater parity, respectively (P 

< 0.001). Moreover, cows positive for E. coli at 2 ± 1 and 10 ± 3 DIM and for T. 

pyogenes at 10 ± 3 DIM had 1.63, 2.34, and 1.54 increased odds of having metritis, 

respectively. Presence of E. coli at 2 ± 1 DIM and of T. pyogenes at 35 ± 3 DIM were 

significantly important for the odds of endometritis (Table 3.4). Cows that were 

positive for T. pyogenes at 35 ± 3 DIM had 19.8 higher odds of being diagnosed with 

clinical endometritis (P < 0.001). Additionally, 2.66 higher odds of having clinical 

endometritis (P = 0.002). 

Table 3.3: Effects of treatment, lactation number, and the outcome of the 

intrauterine secretion cultures (for Escherichia coli and Trueperella pyogenes) on 

the odds of metritis incidence estimated with the use of logistic regression models 

Variable 
Cows, 

no. 

Metritis
2
 

incidence,% 

Adjusted 

odds ratio 
P-value 

Mannose
1 

188 35.5 0.87 

0.86 Phage 218 30.5 0.93 

Control 191 35.0 Baseline 

Parity 1
 

264 47.8 3.80 

< 0.001 Parity 2 171 25.0 1.78 

Parity ≥ 3 162 17.4 Baseline 

E. coli negative (DIM=2±1) 322 30.0 Baseline 
0.02 

E. coli positive (DIM=2±1) 236 37.4 1.63 

E. coli negative (DIM=10±3) 149 27.1 Baseline 
< 0.001 

E. coli positive (DIM=10±3) 330 44.7 2.34 

T.pyogenes negative (DIM=10±3) 270 36.0 Baseline 
0.05 

T.pyogenes positive (DIM=10±3) 209 42.9 1.54 
1Mannose treatment consisted of the intrauterine administration of 50g of ultrapure mannose powder divided in 4 

capsules; Phage treatment consisted of the intrauterine administration of bacteriophages cocktail in one capsule 

with titration of approximately 107 PFU; Control consisted of the intrauterine administration of one empty capsule. 

Treatments were performed at 2 ± 1 DIM 
2Metritis: presence of fetid, watery, red-brown uterine discharge at 10 ± 3 DIM 
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Table 3.4: Effects of treatment, lactation number, and the outcome of the 

intrauterine secretion cultures (for Escherichia coli and Trueperella pyogenes) on 

the odds of endometritis incidence estimated with the use of logistic regression 

models 

Variables 
Cows, 

no. 

Endometritis
1
  

incidence, % 

Adjusted 

odds ratio 
P-value 

Mannose
2 

188 15.1 0.65 

0.55 Phage 218 17.7 0.93 

Control 191 17.3 Baseline 

Parity = 1
 

264 19.0 1.22 

0.09 Parity = 2 171 11.3 0.50 

Parity ≥ 3 162 19.0 Baseline 

E. coli negative (DIM=2±1) 322 12.0 Baseline 
0.002 

E. coli positive (DIM=2±1) 236 22.4 2.66 

T.pyogenes negative (DIM=35±3) 487 9.1 Baseline 
< 0.001 

T.pyogenes positive (DIM=35±3) 80 63.3 19.8 
1Endometrits: presence of pus in the uterine lavage sample performed at 35 ± 3 DIM 
2Mannose treatment consisted of the intrauterine administration of 50g of ultrapure mannose powder divided in 4 

capsules; Phage treatment consisted of the intrauterine administration of bacteriophages cocktail in one capsule 

with titration of approximately 107 PFU; Control consisted of the intrauterine administration of one empty capsule. 

Treatments were performed at 2 ± 1 DIM 

 

 

 

A multivariable Cox proportional hazard model was performed to evaluate the 

effect of several variables on reproduction (Table 3.5). The only variables retained in 

this model were treatment, parity, and the presence of E. coli in intrauterine secretions 

at 2 ± 1 DIM. Treatment had no effect on reproduction. Conversely, cows in parity 1 

and 2 were 1.6 and 1.5 more likely to conceive than cows in parity ≥3, respectively (P 

= 0.02). Cows that were negative for E. coli at 2 ± 1 DIM were 1.39 times more likely 

to conceive than cows positive for E. coli. By 200 DIM, 80% of cows negative for E. 

coli at 2 ± 1 DIM were pregnant, and only 68% of positive cows had conceived 

(Figure 3.1). 
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Table 3.5: Cox’s proportional hazard analysis evaluating the effect of treatment 

(mannose, phage, and control) on the hazard of pregnancy; the variables parity 

and first Escherichia coli culture (DIM = 2 ± 1) were also retained in the model 

Variables 
Cows, 

no. 

Adjusted 

hazard ratio 
P-value 

Mannose
1 

188 0.92 

0.89 Phage 218 0.65 

Control 191 Baseline 

Parity = 1
 

264 1.6 

0.02 Parity = 2 171 1.5 

Parity ≥ 3 162 Baseline 

E. coli negative (DIM=2±1) 322 Baseline 
0.008 

E. coli positive (DIM=2±1) 236 0.72 
1Mannose treatment consisted of the intrauterine administration of 50 g of ultrapure mannose powder divided in 4 

capsules; phage treatment consisted of the intrauterine administration of a bacteriophage cocktail in one capsule 

with titration of approximately 107 pfu; control consisted of intrauterine administration of one empty capsule. 

Treatments were performed at 2 ± 1 DIM. 

 
Figure 3.1: Kaplan-Meier survival analysis of calving-to-conception interval by 

the outcome of intrauterine secretion culture of Escherichia coli (DIM = 2 ± 1). 

Cows that were positive for intrauterine E. coli culture at 2 ± 1 DIM (dotted line) 

had a median calving-to-conception interval of 142 d compared with 101 d for 

cows that were negative for E. coli (solid line). 
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DISCUSSION 

We were encouraged by results of previous studies to perform this clinical trial 

with the aim of establishing alternatives for prophylaxis and treatment for postpartum 

uterine diseases. Given the growing interest in reducing the use of antibiotics in farm 

animals, any positive results from this study could be considered important. 

Bacteriophages could be beneficial for metritis treatment because decreasing 

the bacterial load of E. coli is likely to decrease the severity of the disease (Sheldon et 

al., 2006). Bacteriophages have been successfully used in animal trials against a broad 

range of pathogenic E. coli (Brüssow, 2005). Previous studies isolated environmental 

bacteriophages using E. coli isolated from postpartum uterus, estimated their lytic 

activity (Bicalho et al., 2010b), and evaluated the in vitro antimicrobial activity of a 

bacteriophage cocktail against intrauterine E. coli (Santos et al., 2010). This cocktail 

had a notable capacity to inhibit the in vitro growth of E. coli isolates. Unfortunately, 

in the current study, bacteriophage therapy did not have any effect on metritis 

incidence. A possible explanation could be that bacteriophages are host specific, able 

to infect only specific species or even strains of bacteria (Barrow and Soothill, 1997). 

In vitro, MOI = 10
1
 and MOI >10

2
 were efficient in inhibiting 50 and 90% of all 

isolates tested, respectively (Santos et al., 2010). Even though the bacteriophage 

cocktail showed good effectiveness in killing intrauterine E. coli in vitro, the genetic 

variability of intrauterine E. coli strains is large (Bicalho et al., 2010a), and the 

quantity of E. coli present in the postpartum uterus was unknown. This might have 

affected the spectrum of activity of the bacteriophages used and could have decreased 

the effectiveness of the cocktail in vivo. Additionally, the activity of the phages when 
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in the intrauterine environment is unknown, and the lochia secretion present in early 

postpartum uterus might have inhibited bacteriophage activity. However, a previous 

study showed that in a model system that simulated intestinal conditions, an 

Enterobacter aerogenes- specific bacteriophage persisted for a prolonged period and 

proliferated in reactors simulating the different parts of the large intestine (Verthé et 

al., 2004). Furthermore, Waseh et al. (2010) reported that salmonella colonization in 

chickens was reduced by orally administered bacteriophage. These studies show that 

bacteriophages can survive and maintain their activity under in vivo conditions; 

however, further research is needed in this area. 

The inclusion of the mannose treatment was also encouraged by previous 

studies. Bicalho et al. (2010a) found that FimH, an E. coli type 1 pili adhesive protein 

that plays an important role in adhesion to mannosides and enables the bacteria to 

colonize epithelial surfaces (Mooi and de Graaf, 1985), is very important for metritis 

and endometritis. In addition, King et al. (1998) reported that mares receiving a 100-

mL intrauterine infusion of E. coli (10
9
 cells suspended in sterile PBS) alone 

accumulated more intrauterine fluid at 24 h than mares that received 100 mL of E. coli 

(10
9
 cells) suspended in PBS containing 50 mg of mannose/mL, whereas prevalence of 

positive culture at 24 h was significantly reduced in the mannose-treated group. 

Ultrapure mannose was used because it would be applied as an intrauterine treatment; 

hence, it would be in direct contact with intrauterine E. coli. Mannose treatment in 

vitro was efficient in decreasing the ability of intrauterine E. coli to adhere to 

endometrial cells (Sheldon et al., 2010). One strong explanation for the ineffectiveness 

of this treatment in the current study is that the mannose concentration was unlikely to 
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be at the same level (2.5%) as used in the in vitro test (Sheldon et al., 2010). In early 

postpartum, the uterus is enlarged and the uterine volume is probably greater than 2 L, 

which was the exact uterine volume needed to have an intrauterine mannose 

concentration of 2.5%. However, the quantity of mannose used in this study was 10 

times more than was used in a previous trial (King et al., 1998). Other possibilities 

could decrease the mannose concentration in the uterus; for example, part of the 

treatment could have been carried out of the uterus by lochia; osmotic pressure could 

have been caused by the introduction of the treatment in the uterine lumen, and this 

might have caused a decrease in mannose concentration in the uterus; or the mannose 

could have been used as a carbon source by bacteria (Kornberg and Lambourne, 

1992). Additionally, the uterine environment might influence the binding mechanism 

between mannose and FimH. 

In total, 597 cows were enrolled on this trial; the observed metritis incidence 

was 35.5, 30.5, and 35% and that of endometritis was 15.1, 17.7, and 17.3% for the 

mannose, phage, and control groups, respectively. Therefore, given our sample size 

and the observed differences in uterine disease incidence, we estimated that our study 

had a statistical power of 0.7 to 0.8 to demonstrate that the evaluated treatments had 

no effect on the incidence of metritis and endometritis. 

Although the treatments tested were not effective for prevention of uterine 

diseases, interesting findings regarding uterine bacteriology in 3 periods are shown in 

this study. Retained placenta was the most important risk factor for uterine 

contamination, principally in the first 3 DIM. Before calving, the uterus is sterile, 

whereas after parturition, bacteria may enter the uterine lumen ascending from the 
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environment (Foldi et al., 2006); retained placenta is an important risk factor for 

uterine bacterial contamination (Paisley et al., 1986) and is also known to be an 

important risk factor for metritis (Bruun et al., 2002). Additionally, in the present 

study, first- and second-lactation cows were more likely to be diagnosed with metritis. 

This can be explained by the fact that the incidence of dystocia is higher in cows in 

first and second lactation (Bonneville-Hébert et al., 2011), and dystocia is one of the 

risk factors of metritis (Bruun et al., 2002; Benzaquen et al., 2007; Ghavi Hossein-

Zadeh and Ardalan, 2011). However, first- and second-parity cows had better 

reproductive performance, and this result is supported by previous studies (Benzaquen 

et al., 2007; Machado et al., 2010). 

Presence of E. coli at 2 ± 1 DIM had the most detrimental effect on uterine 

health and reproductive performance. Presence of E. coli at 2 ± 1 and 10 ± 3 DIM and 

of T. pyogenes at 10 ± 3 DIM were significantly important for the odds of metritis 

incidence. These results are supported by previous studies that found that E. coli and 

T. pyogenes were two of the most prevalent bacterial species associated with uterine 

diseases and reproductive failure (Studer and Morrow, 1978; Bonnett et al., 1991; 

Bondurant, 1999). Additionally, a study performed in buffalos reported that E. coli 

and T. pyogenes were mainly present in uteri affected by metritis (Azawi et al., 2007). 

Moreover, presence of E. coli at 2 ± 1 DIM and T. pyogenes at 35 ± 3 DIM were 

important for the odds of endometritis incidence; however, only the presence of E. coli 

at 2 ± 1 DIM impaired reproductive performance. It has been reported that uterine E. 

coli are merely opportunistic environmental bacteria, because none of the virulence 

factors evaluated were associated with the probability of occurrence of uterine 
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diseases (Silva et al., 2009). On the other hand, Bicalho et al. (2010a) reported that E. 

coli virulence factors, such as fimH, hlyA, cdt, kpsMII, ibeA, and astA, were associated 

with uterine diseases and impaired reproductive performance, and these 5 virulence 

factors were not evaluated in the Silva et al. (2009) study. Additionally, Dohmen et al. 

(2000) reported that the presence of E. coli and intrauterine endotoxin in the first 2 

DIM were positively associated with the presence of T. pyogenes plus gram-negative 

bacteria at 14 DIM, supporting the hypothesis that an early postpartum uterine E. coli 

infection would affect uterine health. However, this same association was not 

observed in this study; the presence of E. coli at 2 ± 1 DIM was not directly associated 

with the presence of T. pyogenes at 10 ± 3 DIM. Presence of E. coli at 2 ± 1 DIM was 

associated with subsequent presence of E. coli at 10 ± 3 DIM, which was also 

associated with the incidence of metritis. This supports our findings that the presence 

of E. coli at 2 ± 1 DIM was important for uterine health parameters and impaired 

reproduction performance. However, Williams et al. (2005) did not find any 

association between E. coli and reproduction failure, and reported that the only species 

associated with impaired reproduction performance was T. pyogenes. Furthermore, 

Bonnett and Martin (1995) found that the presence of T. pyogenes at 26 DIM was 

associated with poor reproductive performance. 

CONCLUSIONS 

In conclusion, intrauterine administrations of 50 g of mannose or 

bacteriophage cocktail at 2 ± 1 DIM were not effective in improving uterine health in 

dairy cows. Additionally, we found that parity and presence of E. coli at 2 ± 1 and 10 

± 3 DIM and that of T. pyogenes at 10 ± 3 DIM in intrauterine secretions were 
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significantly associated with the odds of metritis. Furthermore, presence of E. coli at 2 

± 1 DIM and T. pyogenes at 35 ± 3 DIM were significantly important for the odds of 

endometritis. Additionally, cows negative for E. coli at 2 ± 1 DIM were more likely to 

conceive than cows positive for E. coli at this time point. 
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ABSTRACT 

 The main objective of this study was to evaluate the intrauterine administration 

of 200 ml of 50% dextrose solution as a treatment against purulent vaginal discharge 

(PVD); PVD cure rate and reproductive performance were evaluated. Additionally, 

the association of several relevant risk factors, such as retained placenta (RP), metritis, 

PVD, anovulation, hyperketonemia, and body condition score, with reproductive 

performance, early embryonic mortality and PVD were evaluated. A total of 1,313 

Holstein cows housed on 4 commercial dairy farms were enrolled in the study. At 7 ± 

3 DIM cows were examined for metritis and had blood collected to determine serum 

BHBA concentration. To determine if cows had ovulated at least once before 44 ± 3 

DIM, the presence of a CL was evaluated by ovarian ultrasonography at 30 ± 3 DIM 

and at 44 ± 3 DIM. At 30 ± 3 DIM, PVD was diagnosed using the Metricheck device; 

cows with purulent or mucopurulent vaginal discharge were diagnosed as having 

PVD. Cows diagnosed with PVD (n=175) were randomly allocated into 2 treatment 

groups: treatment (intrauterine infusion of 200 mL of 50% dextrose) or control (no 

infusion). Purulent vaginal discharge cows were re-evaluated as described above at 44 

± 3 DIM and cows that were free of purulent or mucopurulent vaginal discharge were 

considered cured. Intrauterine infusion of dextrose tended to have a detrimental effect 

on PVD cure rate, and treatment did not have an effect on first service conception rate 

(FSCR) and early embryonic mortality (EEM). A multivariable Cox’s Proportional 

Hazard model was performed to evaluate the effect of several variables on 

reproductive performance; the variables RP, PVD, parity, anovulation, and the 

interaction term between parity and anovulation were associated with hazard of 
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pregnancy. Cows that did not have RP or PVD were more likely to conceive than 

cows that were diagnosed with RP or PVD. Cows that had RP were at 3.36 times 

higher odds of losing their pregnancy than cows that did not have RP. In addition, 

cows diagnosed with PVD were at 2.16 higher odds of losing their pregnancy than 

cows without PVD. In conclusion, intrauterine infusion of 200 ml of 50% dextrose 

solution as a treatment for PVD had a strong statistical tendency to decrease PVD cure 

rate, did not improve FSCR and EEM, and did not decrease calving-to-conception 

interval. 

Key Words: dextrose, endometritis, uterine health, reproduction 
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INTRODUCTION 

Reproductive efficiency is of great importance for the dairy industry and 

significantly affects the overall economic outcome of a dairy enterprise. A healthy 

reproductive tract is a prerequisite for satisfactory reproductive performance. Purulent 

vaginal discharge (PVD) refers to the presence of purulent or mucopurulent exudates 

in the vagina occurring after the third week of lactation (Sheldon et al., 2006; Dubuc et 

al., 2010). Escherichia coli, Trueperella pyogenes and Fusobacterium necrophorum 

are the primary bacterial causes of uterine diseases (Miller et al., 2007; Bicalho et al., 

2010; Santos et al., 2011). In the first days postpartum, E. coli is the predominant 

bacterium in the infected uterus, and is highly associated with uterine inflammation 

and impaired reproductive performance (Bondurant, 1999; Bicalho et al., 2012; 

Machado et al., 2012a). This early uterine contamination with E. coli leads to 

subsequent infection by F. necrophorum and T. pyogenes at 7 and >25 days 

postpartum, respectively (Dohmen et al., 2000; Bicalho et al., 2012), which are 

associated with both metritis (Santos et al., 2011; Bicalho et al., 2012; Machado et al., 

2012a) and endometritis (Williams et al., 2005; Machado et al., 2012b). 

 In North America, metritis affects 10% to 20% of cows (LeBlanc et al., 2011). 

Cows affected with metritis develop moderate to severe illness and are commonly 

treated with systemic antibiotics, such as penicillin or third-generation cephalosporins 

with reasonable efficiency (Smith et al., 1998; Drillich et al., 2001; McLaughlin et al., 

2012). On the other hand, PVD, a disease that affects approximately 28% of cows, 

with herd level prevalence ranging from 6.7% to 47.0% (Bicalho et al., 2010; Dubuc 

et al., 2011), is not accompanied by systemic signs of illness. However, PVD impairs 
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reproductive performance (Barlund et al., 2008; Plontzke et al., 2010), and as a 

consequence has a negative economic impact on the modern dairy industry (Lee and 

Kim, 2007). Many PVD treatment strategies have been evaluated to date, such as; 

intrauterine administered antibiotics (Runciman et al., 2008; Galvão et al., 2009b; 

McDougall et al., 2013), chlorhexidine (Gilbert and Schwark, 1992), enzymes 

(Drillich et al., 2005), hypertonic dextrose (Brick et al., 2012), and the systemic 

administration of PGF2α (LeBlanc et al., 2002; Kasimanickam et al., 2005; Lima et 

al., 2013). 

 Systemic use of PGF2α is one of the most investigated treatments for 

endometritis and it efficacy as a PVD treatment remains controversial. LeBlanc et al. 

(2002) reported a detrimental effect of PGF2α administration between 20 and 26 DIM 

to cows that were diagnosed with PVD and did not have a corpus luteum (CL). 

Kasimanickam et al. (2005) reported that a single dose of PGF2α between 22 to 33 

DIM improved first service conception rate (FSCR) and increased the overall hazard 

of pregnancy. Other studies reported that systemic administration of PGF2α did not 

have any effect on uterine health or reproductive performance (Dubuc et al., 2011; 

Galvão et al., 2009a; Lima et al., 2013). 

 The use of intrauterine administered antibiotic is currently not approved in the 

United States. However, a single intrauterine infusion of 0.5 g of cephapirin (first 

generation cephalosporin) has been reported as an efficacious treatment against PVD 

(Runciman et al., 2008; McDougall et al., 2013). On the other hand, the intrauterine 

administration of ceftiofur (third generation cephalosporin) was reported to decrease 
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the prevalence intrauterine infection by T. pyogenes, but did not improve PVD or 

reproductive performance (Galvão et al., 2009b). 

Recently, Brick et al. (2012) suggested a novel treatment for PVD; cows 

diagnosed with PVD were treated with single intrauterine infusion of 200 mL of a 

50% dextrose solution. It was proposed that the proportion of cows that were clinically 

cured was higher for treated cows, and the authors suggested that treated cows had 

increased FSCR. Their hypothesis was that the intrauterine administration of a 

hypertonic sugar solution would inhibit bacterial growth (Chirife et al., 1983). 

Consequently, affected cows would recover from infection, mitigating the detrimental 

effects of endometritis on reproductive performance. Replication of these findings 

would provide more evidence that intrauterine administration of dextrose could be 

implemented as a routine practice in the reproductive management of dairy herds. 

 Therefore, the main objective of this study was to evaluate the effect of 

intrauterine administration 50% dextrose solution on PVD cure, FSCR and early 

embryonic mortality (EEM). Our secondary objective was to evaluate the association 

of retained placenta (RP), metritis, PVD, anovulation, hyperketonemia, and body 

condition score with FSCR and EEM at first service, and reproductive performance. 

MATERIALS AND METHODS 

Farms and Management 

 In this study, 1,313 cows housed on 4 large commercial dairy farms located 

near Ithaca, New York, were enrolled from May 8th of 2013 until July 8th of 2013. 

Farm 1 milked 3,300 cows, farm 2 milked 1,000 cows, farm 3 milked 1,800 cows, and 

farm 4 milked 1,300 cows. Cows were housed in free-stall barns with concrete stalls 
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covered with mattresses and bedded with manure solids in farm 1, waste paper-pulp in 

farm 4, and sand in farms 2 and 3. Cows were milked 3 times daily in milking parlors 

and their milk production was automatically recorded on a daily basis. Cows’ 

reproductive management was based on a combination of Presynch (Moreira et al., 

2001), Ovsynch (Pursley et al., 1995), Resynch (Fricke et al., 2003) and detection of 

estrus. 

Study Design, Case Definition and Treatments 

 Prior to commencement of the study, sample size calculation was performed. 

We assumed that the PVD cure rate in control cows would be 60%. Considering a 

beta-value of 0.8, an alpha value of 0.05, and that intrauterine dextrose infusion would 

increase the cure rate to 75%, a sample size of 165 cows per treatment group was 

considered sufficient. Based on our assumptions that the PVD incidence would be 

around 30 % (Bicalho et al., 2010; Lima et al., 2013), we evaluated 1313 cows, which 

would be sufficient to enroll over 165 cows per treatment group. 

Cows were enrolled on a weekly basis; all cows at 7 ± 3 DIM available during 

the enrollment period were included in the study. At 7 ± 3 DIM, vaginal discharge was 

retrieved using the Metricheck device (Metricheck, SimcroTech, Hamilton, New 

Zealand). The presence of fetid, watery, red-brown uterine discharge was defined as 

metritis. Blood was collected from the coccygeal vein/artery using a Vacutainer tube 

without anticoagulant and a 20 gauge × 2.54 cm Vacutainer needle (Becton, Dickinson 

and Company, Franklin Lakes, NJ). All blood samples were transported to the 

laboratory on ice and spun in a centrifuge at 2,000 × g for 15 min at 4oC; serum was 

harvested and frozen at - 80
o
C. Serum samples were tested for BHBA concentrations 
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using an electronic BHBA measuring system (Precision Xtra®, Abbott, Abinngdon, 

UK) already validated for animal use. (Gordon et al., 2013). Cows with blood BHBA 

≥1.2 mmol/L were diagnosed as having hyperketonemia (HYK), as previously 

reported (McArt et al., 2011). Additionally, body condition scores were determined for 

all study cows at 30 ± 3 DIM using a five-point scale with a quarter-point system 

(Edmonson et al., 1989). 

 At 30 ± 3 DIM, vaginal discharge was visually evaluated using the Metricheck 

device. Vaginal discharge was scored using a modified 0 to 5 scale: 0 = no secretion 

material retrieved, 1 = clear mucus, 2 = flecks of pus in the vaginal discharge, 3 = 

<50% of pus in the vaginal discharge, 4 = >50% of pus in the vaginal discharge, 5 = 

watery, fetid vaginal discharge (McDougall et al., 2007; Dubuc et al., 2010). Cows 

that had score ≥ 3 were considered to have PVD. 

 A randomized field trial study design was used; cows diagnosed with PVD 

(n=175) were randomly allocated into 2 treatment groups: control and treatment. Cows 

enrolled in the treatment group received intrauterine infusion of 200 ml of 50% 

dextrose solution; cows were restrained, the perineum area was cleansed and 

disinfected with 70% ethanol, and a plastic infusion pipette was introduced into the 

cranial vagina and manipulated transrectally through the cervix into the uterus. A total 

of 200 ml of sterile 50% dextrose solution was infused into the uterus. Control cows 

did not receive placebo. Vaginal discharge was re-evaluated at 44 ± 3 DIM using the 

same scoring system previously described. As the definition of clinical cure for PVD 

is not well established yet; we approached clinical cure as the absence of signs 
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characterizing PVD. Therefore, cows that did not have a purulent or mucupurulent 

vaginal discharge at 44 ± 3 DIM (score < 3) were considered cured from PVD. 

 To determine if cows had ovulated at least once before 44 ± 3 DIM, ovarian 

ultrasonography was performed at 30 ± 3 DIM and at 44 ± 3 DIM using a portable 

ultrasound (Ibex®, EI Medical Imaging, Loveland, CO) equipped with a 7.5 MHz 

linear-array transducer. Absence of a visible CL in both examinations was considered 

anovulation. Cows that were diagnosed with a visible CL at 30 ± 3 DIM were not re-

evaluated at 44 ± 3 DIM. Pregnancy was diagnosed on day 30 ± 3 post AI via rectal 

ultrasonography. Pregnancy per AI was calculated as the number of pregnant cows on 

day 30 ± 3 divided by the number of cows that were inseminated. Cows diagnosed as 

pregnant were reexamined 35 days later for detection of viable pregnancy on day 65 ± 

3; EEM was defined as the absence of a viable pregnancy on day 65 ± 3.  

Statistical Analyses 

 To facilitate data analysis and interpretation, the variable BCSG (BCSG = 1 if 

BCS at 30 ± 3 DIM was equal or less than 2.75; BCSG = 2 if BCS at 30 ± 3 DIM was 

greater than 2.75 and equal or less than 3.25; BCSG = 3 if BCS at 30 ± 3 DIM was 

greater than 3.25) was created. Descriptive statistical analyses were undertaken in SAS 

using the FREQ and MEANS procedures (SAS Institute INC., Cary, NC). 

To assess the effect of treatment on PVD cure rate, FSCR, and EEM, three 

logistic models were fitted in SAS using the GLIMMIX procedure. To assess the 

effect of treatment on likelihood of conceiving, a multivariable Cox’s proportional 

hazard was fitted using the PHREG procedure in SAS. Cows were right-censored if 

not diagnosed as being pregnant before culling, death, or the end of the data collection 
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period, which was 200 DIM. Treatment (dextrose or control), parity, RP and metritis 

incidences, HYK, and BCSG were offered to the models. Independent variables and 

their respective interactions were removed from the models manually and in a 

stepwise manner when P < 0.10; the variable treatment was forced into the models 

even in the absence of statistical significance. Contrasts were performed to compare 

the effect of treatment versus control, and the effect of PVD (treatment and control 

cows combined) versus cows not affected with PVD in the logistic regression models. 

To illustrate the effect of treatment on reproductive performance, a Kaplan-Meier 

survival analysis was performed using Medcalc version 12.2.1.0; the Logrank test was 

used to compute the P-value. 

 To evaluate the effect of each risk factor on FSCR and EEM at first service, 2 

groups of logistic models were fitted using the GLIMMIX procedure of SAS. For the 

first and second group of logistic regression models, the dependent variables were 

FSCR and EEM at first service, respectively. The independent variables of interest 

were RP, metritis, PVD, anovulation, HYK, and BCSG. Parity and the interaction 

term between parity and the independent variable of interest were added to all models. 

 The effect of several variables on reproductive performance was analyzed by a 

multivariable Cox’s proportional hazard using the PHREG procedure in SAS. The 

independent variables offered to the model included parity, BCSG, and RP, metritis, 

PVD and anovulation incidences. Biologically plausible 2-way interactions were 

tested; independent variables and their respective interactions were kept when P < 

0.10. 
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Farm was included under the STRATA statement in the Cox’ proportional 

hazard analysis, and as a random variable in all others statistical models described 

above. 

RESULTS 

Descriptive statistics 

 Descriptive statistics regarding the incidences of PVD, metritis, RP, and 

anovulation for all cows screened in the study are presented in Table 4.1. The 

incidence of PVD was 14.1%. Therefore, only 175 cows were eligible to be enrolled in 

the in the field trial. Additionally, descriptive statistics regarding average BCS at 

treatment, average blood BHBA concentration at 7 ± 3 DIM, number of animals 

enrolled in each farm, and parity of the 175 cows that were randomly allocated into 

one of the two treatment groups are presented in Table 4.2. 

Effect of intrauterine infusion of dextrose on PVD cure rate and reproduction 

 Effects of intrauterine infusion of dextrose on PVD cure rate, FSCR, and EEM 

at first service are presented in Table 4.3. Intrauterine infusion of dextrose had a 

strong tendency to decrease PVD cure rate when compared to controls (P = 0.06). 

Control cows were at 1.85 higher odds of being cured than cows treated with 

intrauterine infusion of dextrose; cure rate was 63.2% and 48.4%, respectively (P = 

0.06, Power = 0.52). Additionally, treatment did not have an effect on FSCR (P = 

0.55, Power = 0.10) and EEM at first service (P = 0.82, Power = 0.07). Treatment also 

did not affect the likelihood of conceiving during the lactation; treated cows were 1.07 

times more likely to conceive than control cows (P = 0.74). The median calving-to-
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conception interval for control and dextrose infused cows was 144 and 159 days, 

respectively (P = 0.99, Figure 4.1). 

Table 4.1: Descriptive statistics of 1313 cows enrolled in the study; incidence of 

purulent vaginal discharge, metritis, retained placenta, and anovulation by parity 

and farm. 

 n 
Incidence of 

PVD
1
 

Incidence of 

metritis
2
 

Incidence of 

RP
3
 

Incidence of 

anovulation
4
 

Parity      

1 537 12.3 27.9 4.5 25.3 

2 391 13.9 16.6 8.2 27.3 

≥3 385 17.2 18.2 12.7 31.6 

Total 1313 14.1 21.7 8.0 27.7 

Farm      

1 651 15.7 23.2 8.1 27.4 

2 191 16.7 22.0 5.7 29.1 

3 293 11.9 20.5 7.8 26.4 

4 178 9.8 18.0 10.1 29.4 

Total 1313 14.1 21.7 8.0 27.7 
1
PVD = purulent vaginal discharge, defined as the presence of mucopurulent vaginal discharge retracted 

using the Metricheck device 
2
Metritis, defined as presence of fetid, watery, red-brown uterine discharge at 7 ± 3 DIM 

3
RP = retained placenta, where cows fail to release their fetal membranes within 24 h of calving 

4
Anovulation, defined as the absence of corpus luteum on ultrasonography evaluated at 30 ± 3 DIM and 

44 ± 3 DIM 

 

Effects of RP, metritis, PVD, anovulation, HYK, and body condition score at 30 ± 3 

DIM on reproduction 

 The effects of RP, metritis, PVD, anovulation, HYK, and body condition score 

at 30 ± 3 DIM on FSCR and EEM at first service are presented in Table 4.4. Cows that 

did not have RP were at 2.00 increased odds of conceiving at first service than cows 

that had RP (P = 0.01). Additionally, cows that did not have PVD had 1.62 higher 

odds of conceiving at first service that cows that had PVD. Moreover, cows with 

normal blood BHBA concentration at 7 ± 3 DIM tended to have better conception rate 
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at first service than cows diagnosed with HYK; they had 1.30 times higher odds of 

conceiving than hyperketonemic cows (P = 0.10). 

 

 

 

 

 

 

Table 4.2: Descriptive statistics of treatment groups 

 Control
 

Dextrose P-value 

Average body condition score at 30 

± 3 DIM (± SE) 
2.60 (0.04) 2.62 (0.05) 0.71 

Average blood BHBA concentration 

(mmol/L) at 7 ± 3 DIM (± SE) 
1.28 (0.10) 1.25 (0.09) 0.80 

Enrolled animals on farm 1 (%) 47 (49.5) 48 (50.5) 

0.44 
Enrolled animals on farm 2 (%) 19 (63.3) 11 (36.7) 

Enrolled animals on farm 3 (%) 18 (54.5) 15 (45.5) 

Enrolled animals on farm 4 (%) 7 (41.2) 10 (58.8) 

Enrolled animals in parity 1 (%) 34 (54.8) 28 (45.2) 

0.79 Enrolled animals in parity 2 (%) 25 (48.1) 27 (51.9) 

Enrolled animals in parity >2 (%) 32 (52.5) 29 (47.5) 

Enrolled animals in BCSG 1 (%) 54 (54.5) 45 (45.5) 

0.42 Enrolled animals in BCSG 2 (%) 27 (52.9) 24 (47.1) 

Enrolled animals in BCSG 3 (%) 10 (40.0) 15 (60.0) 

Enrolled animals with RP (%) 29 (31.9) 16 (19.1) 0.05 

Enrolled animals with Metritis (%) 41 (45.0) 40 (47.6) 0.73 

Enrolled animals with HYK (%) 
35 (38.5) 

35 (41.2) 0.66 

Total enrolled animals (%) 91 (52.0) 84 (48.0)  
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Table 4.3: The effect of intrauterine infusion of dextrose on purulent vaginal 

discharge (PVD) cure rate, first service conception rate (FSCR), and early 

embryonic mortality (EEM) at first service 

Cure rate 

  n Cure rate (%) 
Odds ratio 

(95% C. I.) 
P-value 

Cows with 

PVD 

Dextrose 84 48.4 baseline 
0.06 

Control 91 63.2 1.85 (0.98 – 3.46) 

FSCR 

  n 
FSCR 

(%) 

Odds ratio 

(95% C. I.) 

P-value 

C1
1 

C2
2 

Cows with 

PVD 

Dextrose 84 24.9 baseline 

0.55 0.02 Control 91 29.3 1.25 (0.59 – 2.62) 

Cows without PVD 1065 39.5 1.96 (1.11 – 3.48) 

EEM at first service 

  n 
EEM 

(%) 

Odds ratio 

(95% C. I.) 

P-value 

C1 C2 

Cows with 

PVD 

Dextrose 91 24.8 baseline 

0.82 0.16 Control 84 21.7 0.84 (0.18 – 3.88) 

Cows without PVD 1065 11.8 0.41 (0.12 – 1.35) 
1C1 = contrast 1, dextrose vs control 
2C2 = contrast 2, cows without purulent vaginal discharge vs dextrose and control 
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Figure 4.1: Kaplan-Meier survival analysis of calving-to-conception interval by 

treatment groups; treatment (intrauterine infusion of 200 mL of 50% dextrose, n 

= 84) or control (no infusion, n = 91). The median calving-to-conception interval 

for control (solid line) and dextrose infused (dashed line) groups were 144 and 

159 days, respectively (P = 0.99)  
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Table 4.4: The effect of retained placenta, metritis, purulent vaginal discharge, 

anovulation, hyperketonemia (HYK), and BCS on first service conception rate 

(FSCR) and early embryonic mortality (EEM) at first service.  

  FSCR 

  
FSCR (%) 

Odds ratio 

(95% C.I.) 

P-value 

Variable Level n M
7 

P M*P 

RP
1 Yes 105 23.9 baseline 

0.01 0.01 0.33 
No 1208 38.8 2.01 (1.15 – 3.53) 

Metritis
2 Yes 285 33.6 baseline 

0.21 0.01 0.33 
No 1028 38.7 1.25 (0.88 – 1.77) 

PVD
3 Yes 175 28.6 baseline 

0.01 0.05 0.84 
No 1065 39.4 1.62 (1.11 – 2.37) 

Anovulation
4 Yes 334 33.5 baseline 

0.14 <0.01 0.24 
No 872 38.7 1.25 (0.93 – 1.70) 

HYK
5 Yes 409 32.8 baseline 

0.10 <0.01 0.14 
No  904 38.9 1.30 (0.95 – 1.78) 

BCSG
6 

1 601 34.7 1.37 (0.55 – 3.42) 

0.20 <0.01 0.45 2 421 39.8 1.70 (0.68 – 4.26) 

3 214 28.0 baseline 

  EEM at first service 

  

EEM (%) 
Odds ratio 

(95% C.I.) 

P-value 

Variable 
Leve

l 
n M P M*P 

RP
1 Yes 105 31.5 3.36 (1.20 – 9.45) 

0.02 0.26 - 
No 1208 12.0 Baseline 

Metritis
2 Yes 285 16.3 1.38 (0.65 – 3.00) 

0.40 0.24 0.70 
No 1028 12.4 Baseline 

PVD
 3 Yes 175 22.3 2.16 (0.97 – 4.82) 

0.06 0.46 0.92 
No 1065 11.7 baseline 

Anovulation
4 Yes 334 12.5 1.01 (0.42 – 2.40) 

0.98 0.07 0.19 
No 872 12.4 baseline 

HYK
5 Yes 409 12.8 1.02 (0.45 – 2.31) 

0.95 0.90 0.04 
No 904 12.5 baseline 

BCSG
6 

1 601 13.9 2.43 (0.52 – 11.38) 

0.52 0.24 - 2 421 13.4 2.33 (0.51 – 10.52) 

3 214 6.2 baseline 
1RP = retained placenta, whereas cows fail to release their fetal membranes within 24 h of calving 
2Metritis = presence of fetid, watery, red-brown uterine discharge at 7 ± 3 DIM 
3PVD = purulent vaginal discharge, defined as the presence of mucopurulent vaginal discharge retracted using the 

Metricheck device 
4Anovulation, defined as the absence of corpus luteum on ultrasonography evaluated at 30 ± 3 DIM and 44 ± 3 

DIM 
5HYK = Hiperketonemia, defined as BHBA blood concentration equal or greater than 1.2 mmol/L, at 7 ± 3 DIM 
6BCSG = BCS group; BCS was measured at 30 ± 3 DIM, using a 5- point scale with a quarter point system as 

described by Edmonson et al. (1989). BCSG = 1 (BCS <2.75); BCSG = 2 (BCS ≥ 2.75 and < 3.25); and BCSG = 3 

(BCS ≥ 3.25) 
7P-value of the main effect in the model  
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 Cows that had RP were at 3.36 times higher odds of losing their pregnancy 

than cows that did not have RP (P = 0.01). In addition, cows diagnosed with PVD 

were at 2.16 higher odds of losing their pregnancy than cows without PVD (P = 0.06). 

 A multivariable Cox’s Proportional Hazard model was performed to evaluate 

the effect of several variables on reproduction; the variables RP, PVD, parity, 

anovulation, and the interaction term between parity and anovulation were retained in 

the model (Table 4.5). Cows that did not have RP were 1.38 times more likely to 

conceive than cows that had RP (P-value = 0.04). Additionally, cows not diagnosed 

with PVD were 1.40 times more likely to conceive than cows that had PVD (P < 

0.01). Furthermore, anovulation was only associated with reproductive performance in 

second parity cows; cows in their second parity that ovulated at least once before 44 ± 

3 DIM were 1.42 times more likely to conceive than cows in parity 2 that did not 

ovulate (P = 0.02). 
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Table 4.5: Cox’s proportional hazard analysis evaluating the effect of several 

variables on the hazard of pregnancy; the variables retained placenta, purulent 

vaginal discharge, parity, anovulation, and the interaction term 

parity*anovulation (P-value = 0.09) were retained in the model 

Variable Level n 
Adjusted 

hazard ratio 
P-value 

RP
1 Yes 105 baseline 

0.04 
No 1208 1.38 

PVD
 2 Yes 175 baseline 

< 0.01 
No 1065 1.40 

Parity * anovulation
3 

Parity 1 and anovulation 127 baseline 
0.32 

Parity 1 and cycling 374 1.13 

Parity 2 and anovulation 100 baseline 
0.02 

Parity 2 and cycling 266 1.42 

Parity >2 and anovulation 107 baseline 
0.48 

Parity > 2 and cycling 232 0.90 
1
RP = retained placenta, whereas cows fail to release their fetal membranes within 24 h of calving 

2
PVD = Purulent vaginal discharge, defined as the presence of mucopurulent vaginal discharge 

retracted using the Metricheck device 
3
Anovulation, defined as the absence of corpus luteum on ultrasonography evaluated at 30 ± 3 DIM and 

44 ± 3 DIM 

 

DISCUSSION 

 The main objective was to evaluate the efficacy of a single intrauterine 

infusion of 200 mL of a 50% dextrose solution in treating PVD, and the subsequent 

effect of this treatment on reproductive performance. Such a treatment was proposed 

to be effective in a recently published study (Brick et al., 2012). However, in the 

present study, intrauterine infusion of a hypertonic solution of dextrose tended to be 

detrimental for uterine health; only 48.4% of treated cows were cured from 

endometritis 14 days after treatment, while 63.2% of control cows were cured from the 

disease (P = 0.06). Additionally, intrauterine dextrose infusion did not have an effect 

on calving-to-conception interval, FSCR, and EEM at first service. However, there are 

some key points that should be discussed when comparing our findings with the ones 

reported by Brick et al. (2012). Firstly, while we used the metricheck device to 
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classify the vaginal discharge (Dubuc et al., 2010; Bicalho et al., 2010; Lima et al., 

2013), Brick et al. (2012) scored the vaginal discharge with the vaginoscopy 

technique, using a different scoring system. In our study, cows were diagnosed with 

endometritis when they had any presence of pus beyond flecks in vaginal discharge. In 

Brick et al. (2012), they used a scoring system which did not take into account vaginal 

contents composed of less than 50% purulent content, but with more than only flecks 

of pus. Therefore, it is unclear if cows with less than 50% of pus, but more than just 

flecks in vaginal discharge would have been diagnosed with PVD, thus being eligible 

to be enrolled in their study. This variation in PVD definition can partially explain the 

disagreement between the findings regarding the effect of dextrose infusion on clinical 

cure. Additionally, they defined clinical cure as a cow with PVD (more than 50% of 

pus in vaginal discharge) prior to treatment that subsequently had clear mucus 14 days 

after treatment; thus, cows with flecks of pus in their vaginal discharge were not 

considered as cured. Although they observed a beneficial effect of treatment on uterine 

health, reporting a significant higher proportion of treated cows having clear mucus, 

after 14 days of treatment, which could be considered the “healthiest” mucus score, we 

believe that, based on their initial definition of PVD, cows with flecks of pus should 

also be classified as clinically cured. It is important to highlight that their results 

regarding reproductive parameters might have been misinterpreted. Although the 

proportion of cows that conceived in the first service was numerically higher for cows 

that received the intrauterine infusion of dextrose when compared to control cows, the 

P-value presented by them was 0.10. This should be interpreted cautiously as it might 

lead to a type I statistical error. They admittedly mentioned in their discussion section 
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that more cows diagnosed with PVD would be needed to conclude that the intrauterine 

dextrose infusion has beneficial effects on FSCR and pregnancy maintenance. 

Purulent vaginal discharge incidence in the present study was 14.1%. We 

performed our original sample size calculations based on an expected a PVD 

prevalence of 20 to 40 % of the study population (Bicalho et al., 2010; Lima et al., 

2013) and the lower than expected PVD prevalence observed certainly decreased the 

statistical power of the study. However, despite the unexpectedly low PVD incidence, 

we observed a potentially detrimental effect of dextrose infusion on PVD cure rate (P 

=0.06). Additional studies have evaluated the effect of intrauterine infusion of 

monocarbohydrates on intrauterine health of animals (King et al., 1998; Machado et 

al., 2012a). It was reported that in mares, intrauterine infusion of mannose decreased 

the incidence of positive cultures 24 hours after intrauterine challenge with E. coli, 

suggesting that mannose was effective in reducing bacterial infection in the equine 

endometrium (King et al., 1998). On the other hand, previous work from our group 

found no effect of intrauterine treatment of 50 g of mannose at 2 ± 1 DIM on the 

incidence of metritis or endometritis, and reproductive performance in dairy cows 

(Machado et al., 2012a). The rationale for the use of intrauterine treatment of mannose 

is the inhibition property of this carbohydrate on the adhesion of E. coli onto epithelial 

surfaces, which is mediated by the type 1 fimbriae adhesive protein FimH (Mooi and 

de Graaf, 1985; Krogfelt et al., 1990). Previous findings suggest that the fimbriae 

subunit FimA of T. pyogenes plays an important role in the virulence of T. pyogenes to 

the bovine endometrium (Santos et al., 2010; Bicalho et al., 2012); however, in 

contrary to FimH, FimA does not possess a carbohydrate binding site (Sharon, 2006). 
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Therefore, it is unreasonable to speculate that dextrose would bind to FimA, inhibiting 

T. pyogenes to adhere on the uterus epithelial surface. Otherwise, it was suggested that 

the intrauterine infusion of dextrose might have controlled intrauterine bacterial 

infection by reducing the water activity (Brick et al., 2012), which is required for 

bacterial survival (Chirife et al., 1983). The water activity will only be reduced with 

highly concentrated carbohydrate solutions; perhaps, in our study cows, the 

intrauterine volume was too large and the dextrose infusion was not sufficient to alter 

the water activity in the intrauterine environment. In this case, it is also possible that 

the intrauterine dextrose infusion might have nurtured the intrauterine pathogens, and 

instead of inhibiting, it might have stimulated their growth. Consequently, the cows’ 

immune systems might have faced a higher load of pathogens in the treated group, 

failing to eliminate the infection and leading to a decreased PVD cure rate. 

The secondary objective of this study was to evaluate the association between 

several parameters (such as RP, metritis, PVD, blood BHBA concentration at 7 ± 3 

DIM, BCS at 30 ± 3 DIM, and anovulation) and reproductive performance. Here, we 

report that RP was an important factor for decreased fertility; cows that had their 

placenta retained had decreased odds of conceiving at first service (P-value = 0.01), 

higher odds of embryonic death (P = 0.02), and had lower hazard of becoming 

pregnant throughout their lactation (P = 0.04). Other studies had reported association 

between RP and reproductive parameters; it has been reported that RP increased time 

to 1st service (Stevens and Dinsmore, 1997), increased services per conception (Holt 

et al., 1989), increased days open (Melendez et al., 2003), increased first service EEM 

(Pereira et al., 2013), and decreased pregnancy rates (McDougall, 2001). Many 
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treatments for RP have been evaluated, such as administration of prostaglandins and 

oxytocin (Stevens and Dinsmore, 1997), infusion of collagenase-containing products 

into the umbilical arteries of RP (Eiler and Hopkins, 1993), and intrauterine ozone 

flush (Zobel and Tkalcic, 2013). However, they have been shown to be ineffective or 

impractical. Therefore, RP is still an important uterine disorder, and novel treatments 

should be evaluated to ameliorate its detrimental effects on fertility of dairy cows. 

Anovulation in our study was not associated with first service EEM (P = 0.98) 

which is not in accordance with many other studies, where anovulation tended to be 

associated with embryonic death (Galvão et al., 2004; Chebel et al., 2006; Bisinotto et 

al., 2010). Although FSCR was numerically higher for cyclic cows compared to 

anovulatory cows, this difference was not significant (P = 0.14). Dubuc et al. (2012) 

also reported that anovulation was not significantly associated with FSCR. 

Conversely, the majority of previous studies reported that FSCR is significantly lower 

for anovulatory cows compared to cyclic cows (Walsh et al., 2007; Bisinotto et al., 

2010; Galvão et al., 2010). In the present study, survival analysis showed that cyclic 

cows were more likely to conceive throughout the lactation than anovulatory cows. 

However, this detrimental effect of anovulation was conditional to parity. Anovulation 

was associated with lower hazards of pregnancy only in cows in parity 2 (P = 0.02); 

for primiparous cows, and cows in parity greater than 2, anovulation was not 

statistically associated with hazards of pregnancy (P = 0.32 and 0.48, respectively). A 

previous study had also reported a detrimental effect conditional to parity of 

anovulation on the likelihood of conceiving during the lactation (Dubuc et al., 2012). 

Unlike our findings, they reported that the detrimental effect of anovulation on 
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likelihood of conceiving was only important for cows in parity > 2. A conditional 

effect of parity was not observed by Galvão et al. (2010). 

Metritis was not associated with impaired fertility in our study; here, metritis 

was defined as the presence of fetid, watery, red-brown uterine discharge, regardless 

of fever. It has been recently published that only cows diagnosed with puerperal 

metritis (foul uterine discharge followed by fever) had impaired reproductive 

performance, while cows diagnosed with clinical metritis (foul uterine discharge not 

followed by systemic signs) and healthy cows had similar reproductive performance 

(Giuliodori et al., 2013). Perhaps, if fever was part of our case definition for metritis, 

we could have observed detrimental effects of puerperal metritis in fertility. On the 

other hand, PVD, another post-partum uterine disease, was associated with decreased 

FSCR at first service (P = 0.01), decreased hazard of becoming pregnant during the 

lactation (P < 0.01), and tended to be associated with increased embryonic mortality 

(P = 0.06). Many other studies have previously reported the detrimental effects of 

endometritis on reproductive performance of dairy cows; it has been associated with 

lower first-service pregnancy risk (Dubuc et al., 2011), increased calving-to-

conception interval (Dubuc et al., 2010), increased services per conception and 

embryonic mortality (Lima et al., 2013). 

In conclusion, intrauterine infusion of a 50% dextrose solution failed to cure 

PVD and had no impact on FSCR at first service, pregnancy maintenance, and 

calving-to-conception interval. Further research is needed to develop and evaluate a 

proper treatment to cure PVD and ameliorate the detrimental impact of this disease on 

the reproductive performance of dairy cows. 
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CHAPTER 5: Effect of an injectable trace mineral supplement containing selenium, 

copper, zinc, and manganese on the health and production of lactating Holstein cows * 
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ABSTRACT 

The objective of this study was to evaluate the effect of a subcutaneous 

injection of a multimineral preparation containing 300 mg of zinc, 50 mg of 

manganese, 25 mg of selenium, and 75 mg of copper at 230 and 260 days of gestation 

and 35 days postpartum, on the health, milk production and reproductive performance 

of lactating Holstein cows. A randomized field trial was conducted on three large 

commercial dairy farms located near Ithaca, New York, USA, with 1416 cows 

enrolled. All cows were housed and offered a total mixed ration consisting of 

approximately 55% forage and 45% concentrate on a dry matter basis of the diet, 

which supplied 2–6 times the NRC requirements for the supplemented elements. Dry 

cows and pregnant heifers were blocked by parity and randomly allocated to one of 

two treatments: Trace mineral supplemented (TMS) or control. 

For multiparous cows, subcutaneous TMS significantly decreased linear 

somatic cell count scores (normalized data) as compared to control cows. The 

incidence of subclinical mastitis for TMS and control cows was 10.4% and 8.0%, 

respectively (P = 0.005).The main effect of treatment on clinical mastitis was not 

significant but the interaction of treatment and parity was significant. For primiparous 

cows, the incidence of clinical mastitis was 11.8% and 15.6% for control and TMS 

cows, respectively (P = 0.33);for multiparous cows, the incidence of clinical mastitis 

for control and TMS cows was 25.4% and 19.7%, respectively (P = 0.03). 

Additionally, control cows had increased odds of stillbirth and endometritis (odds 

ratios 1.69 and 1.30, respectively).The incidence of endometritis was 34.2% and 

28.6% for control and TMS cows, respectively (P = 0.039)but treatment had no effect 
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on reproductive performance, milk production or other health traits. Further research is 

required to confirm these findings and to establish whether the response seen in this 

study was related to the supplementation of a particular mineral. 

Key words: dairy cows, endometritis, trace minerals, mastitis, somatic cell count 

INTRODUCTION 

During the transition period, dairy cows undergo physiological stress preparing 

for and recovering from parturition, dramatically altering their metabolism to supply 

the mammary gland with nutrients necessary for milk synthesis (Goff et al., 2002 ), 

and also dealing with reduced dry matter intake (DMI), negative energy balance 

(Roche et al., 2009 ) and oxidative stress (Sordillo and Aitken, 2009). 

Trace minerals play an important role in dairy cow immune function (Shankar 

and Prasad, 1998), fertility (Rabiee et al., 2010 ), and growth (Enjalbert et al., 2006 ). 

Nockels et al. (1993) reported that stressed calves reduced their trace mineral retention 

ability. Given that the transition period is a stressful time for the cow, a similar 

reduction in trace mineral retention ability could also happen in transition cows (Xin et 

al., 1993). The act of parturition or the beginning of lactation has been found to be 

associated with a reduction in plasma concentrations of calcium (Ca) and zinc (Zn) 

(Goff and Stabel, 1990; Goff et al., 2002 ), suggesting that other mineral 

concentrations could also be affected during the same period. 

Inclusion of minerals in the diet does not ensure intake or absorption. DMI is 

already decreased during the transition period (Roche et al., 2009); additionally, there 

are dietary and animal factors contributing to DMI variation between animals (Hayirli 

et al., 2002) and consequently to variation in the intake of trace minerals. Dietary 
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mineral supplements may not be absorbed properly due to interactions with other 

nutrients at the rumen level (Suttle, 1986). Antagonists in drinking water (e.g. iron) 

can also have a negative effect on trace mineral absorption from the digestive tract 

(Spears, 2003). 

An injectable trace mineral solution could potentially provide an alternative 

way of delivering extra trace minerals during the transition period. Pogge et al. (2012) 

reported that the use of an injectable trace mineral solution increased liver 

concentrations of Cu and Se for at least a 15-day period, and increased plasma Zn and 

Mn for several hours. Positive effects of such supplementation on cow reproductive 

traits have already been shown (Harrison et al., 1984; Sales et al., 2011). Additionally, 

Cu and Se seem to play an important role in udder health (Scaletti et al., 2003; Weiss 

et al., 1990). However, to the best of our knowledge, studies regarding the effect of 

injectable trace mineral supplementation during the transition period on health and 

milk production traits remain scarce. It is possible that supplementing cows with extra 

trace minerals twice in the dry period may help them accumulate trace minerals in 

stores which can be used during early lactation, while an injection during early 

lactation could have a positive effect on reproductive efficiency. 

The objective of this study was to evaluate the effect of subcutaneous 

supplementation of a trace mineral supplement containing Zn, Mn, Se, and Cu 

(Multimin) at 230 days of gestation, 260 days of gestation and 35 days postpartum on 

health traits, milk production and reproductive performance of lactating Holstein 

cows. 

MATERIALS AND METHODS 
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Farm and Management 

One thousand, four hundred and sixteen cows kept on three dairy farms located 

near Ithaca, New York, USA, were enrolled from 30th August until 4th November 

2010, and data were collected until 30th June 2011. Farm A milked 3,700 cows, farm 

B 1,600 cows and farm C 3,500 cows. The cows on farms A and C were housed in 

free-stall (cubicle) barns with concrete stalls covered with mattresses and bedded with 

digested manure solids and waste paper–pulp, respectively. Farm B housed the cows 

in free-stalls with sand bedding. All cows were offered a total mixed ration consisting 

of approximately 55% forage (corn silage, haylage, and wheat straw) and 45% 

concentrate (cornmeal, soybean meal, canola, cotton seed, and citrus pulp) on a DM 

basis of the diet. The diets were formulated to meet or exceed the National Research 

Council nutrients requirements for lactating Holstein cows weighing 650 kg and 

producing 45 kg of 3.5% fat corrected milk. The chemical composition (mineral and 

vitamins) of pre-fresh and lactating cow diets for study farms A, B, and Cis shown in 

Table 5.1. 

Study design and treatments 

Dry cows and pregnant heifers were blocked by farm and parity group (groups 

1, 2, and >2, for first, second and third or greater lactation cows, respectively) and 

randomly allocated to one of two treatments, namely, (1) trace mineral supplemented 

(TMS) or (2) control. All dry cows and pregnant heifers that were available during the 

enrollment period were included in the study. Randomization was completed in Excel 

(Microsoft) using the random number function and imported into the farms’ Dairy 

Comp 305 program (ValleyAgricultural Software). 
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Table 5.1: Chemical composition (minerals and vitamins) of pre-fresh and lactating cow diets for study farms A, B, 

and C. 

 

NRC 2001 recommendations Farm A Farm B Farm C 

Pre-fresh Lactation 
Pre-

fresh 
Lactation Pre-fresh 

Lactatio

n 

Pre-

fresh 

Lactatio

n 

Calcium (%) 
 

0.45 0.67 1.37 0.83 1.35 0.80 1.52 0.88 

Phosphorus (%)  0.23 0.36 0.30 0.36 0.31 0.42 0.34 0.38 

Magnesium (%)  0.12 0.2 0.42 0.32 0.37 0.35 0.39 0.33 

Potassium (%)  0.52 1.06 1.11 1.24 1.07 1.28 1.55 1.54 

Sodium (%)  0.10 0.22 0.12 0.46 0.11 0.47 0.14 0.53 

Chloride (%)  0.15 0.28 0.52 0.50 0.36 0.50 0.45 0.59 

Sulfur (%)  0.20 0.20 0.41 0.25 0.36 0.24 0.45 0.25 

Cobalt (ppm)
 

0.11 0.11 0.96 1.49 0.87 1.13 0.75 1.90 

Copper (ppm) 13.0 11.0 19.2 20.0 16.3 21.6 16.5 25.7 

Iodine (ppm) 0.40 0.44 0.96 0.99 0.18 0.69 0.92 1.08 

Iron (ppm) 13.0 17.0 225 205 220 190 316 213 

Manganese (ppm) 18.0 13.0 109 72.8 81.0 81.5 95.8 90.2 

Selenium (ppm) 0.30 0.30 0.38 0.47 0.36 0.53 0.55 0.57 

Zinc (ppm) 22.0 52.0 63.8 80.8 53.7 84.4 70.90 91.76 

Vitamin A 

(kIU/d)
 82.6 75.0 178 170 138 172 178 187 

Vitamin D 

(kIU/d) 
21.5 21.0 35 39 27 43 34 42 

Vitamin E (IU/d) 1202 545 1772 726 1560 611 1760 874 
Pre-fresh diets were fed from 3 weeks prepartum through parturition and lactation diets were fed from parturition through week 35 postpartum. 
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Cows that were randomly assigned to the treatment group were given three 

injections of trace minerals (Multimin) at approximately 230 days of gestation, 260 

days of gestation, and 35 days postpartum; each injection (5mL) contained 300 mg of 

zinc, 50 mg of manganese, 25 mg of selenium, and 75 mg of copper. Ethylenediamine 

tetra-acetate (Na2EDTA) was used to dissolve insoluble Cu, Mn and Zn at a 

concentration of 450 mg/mL; 0.1% chlorocresol was added to the solution as a 

preservative. Control cows were not injected with a negative placebo. Body condition 

scores (BCS) were assessed at 230 days of gestation and at 35 ±3days in milk (DIM). 

A 5-point scale was used (Edmonson et al., 1989). Assessors were blinded to 

treatment status. 

The project proposal was approved by the Cornell University Animal Care and 

Use Committee (2009-0001) and owner consent was obtained before the study was 

started. 

Case definitions 

‘Stillbirth’ was defined as the death of a calf occurring just prior to, during, or 

within 48 h of parturition. ‘Retained fetal membranes’ was defined as failure to release 

fetal membranes within 24 h of calving. Metritis and clinical mastitis were diagnosed 

and treated by trained farm personnel who followed a specific diagnostic protocol 

designed by the staff of the Ambulatory and Production Medicine Clinic, Cornell 

University. ‘Metritis’ was defined as the presence of fetid, watery, red–brown uterine 

discharge. ‘Clinical mastitis’ was defined by the diagnosis of abnormal changes in the 

udder and/or milk. Composite milk somatic cell count (SCC) was determined monthly 

by Dairy Herd Improvement Association (DHIA). ‘Subclinical mastitis’ was defined 
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as a cow having a somatic cell count >200,000 and not diagnosed with clinical 

mastitis (Oliveira et al., 2011). 

Data regarding survivability, reproduction (calving to conception interval), 

health traits, milk yield and SCC during the subsequent lactation were extracted from 

the farms’ DairyComp 305 database. Displaced abomasum diagnosis made by the 

farm personnel was confirmed by veterinarians. Signs of uterine inflammation were 

evaluated at 35 ±3DIM by visual inspection of a uterine lavage sample as previously 

described (Machado et al., 2012a). Cows that had pus in the lavage sample were 

considered to have clinical endometritis. 

Statistical Analysis 

Descriptive statistics analysis was undertaken in SAS using the FREQ 

procedure (SAS Institute). Five mixed general linear models were fitted to the data 

using the MIXED procedure of SAS (SAS Institute). The dependent variables 

evaluated in this study were: average daily milk production (kg/day), average daily 

fat-corrected milk (FCM)  production (kg/day), milk protein (%) ,milk fat (%), and 

linear somatic cell count (SCC) score. The latter was calculated using the formula: 

 

Linear score = [ln(SCC/100,000)/0.693147] + 3 

 

This formula is automatically calculated and inputted into the dairy farm 

software of participating dairy farms by Dairy Herd Improvement Association 

laboratories (Radostits, 2000). Visual evaluation of the distribution plot of the 

studentized residuals was used to confirm that the residuals were normally distributed. 
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The data comprised a series of repeated measures of each dependent variable 

throughout the 5 months of lactation. To account appropriately for within-cow 

correlation, the error term was modeled by imposing a first-order autoregressive 

covariance structure for all statistical models (which assumed that the within-cow 

correlation of the repeated measures of milk weights decreased as the time between 

the test dates increased; Sawalha et al., 2005). The model escribed below was fitted to 

all five mixed general linear models: 

 

Y = Xβ + Zγ + e 

 

where Y is the linear SCC score or average daily milk production (kg/day)or average 

daily FCM production (kg/day) or milk protein (%) or milk fat (%), X is the matrix of 

all independent variables, β the vector of all fixed effect parameters, Zγ the random 

effect of farm (the covariance structure assumed for this term was a compound 

symmetry) and e is the random residual. 

The independent variables offered to the model were: treatment, prepartum and 

postpartum BCS, parity, and month of lactation. All two-way interactions and the 

three-way interaction term between treatment, parity, and month of lactation were 

offered to the model. In all models variables and their respective interaction terms 

were retained in the model only when they had a significant effect (P < 0.05). 

To assess the effect of injectable trace mineral treatment on the odds of 

subclinical mastitis, clinical mastitis, endometritis, metritis, stillbirth, retained 

placenta, and displaced abomasum, mixed logistic regressions were fitted to the data 
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using the Glimmix procedure of SAS. The models included the fixed effects of 

treatment (TMS and control), parity (1, 2, >2) and month of lactation (1, 2, 3, 4, and 

5). Additionally, the variable ‘farm’ was included in all models as a random effect and 

the variable ‘cow id’ was also included in the subclinical mastitis model to control for 

the within-cow correlation of data across the 5 months of observation of subclinical 

mastitis. All two-way interactions and the three-way interaction term between 

treatment, parity, and month of lactation were offered to the model. The only 

significant two-way interaction encountered was the interaction between treatment 

group and parity on the mixed logistic regression model that evaluated the effect of 

treatment on clinical mastitis. To obtain strata-specific odds ratio parameters for the 

different concentrations of the interaction term treatment * parity, the lsmeans option 

of the GLIMMIX procedure (binary distribution) was used. 

Finally, the effect of treatment on reproduction and survival was analyzed by 

Cox’s Proportional Hazard using the proportional hazard regression procedure in SAS. 

For analysis of reproduction, cows were right-censored if not diagnosed pregnant 

before culling, death, or the end of the data-collection period. For analysis of survival, 

cows were censored if they were alive at the end of the data-collection period. 

Variables offered to the models included treatment, parity, and farm. Two-way 

interactions between treatment and parity were tested. To evaluate the effect of 

treatment on reproductive performance and survivability, Kaplan–Meier survival 

analysis was carried out using MedCalc version 11.5.1.0 software (MedCalc 

Software). 
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RESULTS 

Descriptive statistics 

Descriptive statistics regarding average age at enrollment (days), average BCS 

at enrollment, average gestation length at enrollment, and number of animals enrolled 

in each farm are presented in Table 5.2. 

 

 

Table 5.2: Descriptive statistics of treatment groups 

 Control
 Trace mineral 

supplemented 

Average age (days) at enrollment (± SE) 1335 (±420) 1320 (±411) 

Average body condition score at enrollment 

(± SE) 
3.64 (±0.56) 3.65 (±0.54) 

Average days of gestation at enrollment (± 

SE) 

228.2 

(±19.2) 
230.2 (±17.5) 

Enrolled animals on farm A (%) 198 (56) 153 (44) 

Enrolled animals on farm B (%) 140 (48) 151 (52) 

Enrolled animals on farm C (%) 350 (48) 371 (52) 

Enrolled animals in parity 1 (%) 168 (45) 197 (55) 

Enrolled animals in parity 2 (%) 295 (51) 288 (49) 

Enrolled animals in parity 3 (%) 247 (53) 221 (47) 

Total enrolled animals (%) 710 (50.1) 706 (49.9) 

 



136 

 

Effect of subcutaneous trace mineral supplementation on udder health 

Effects of trace mineral supplementation on linear scores during the first 

5months of lactation are presented in Table 5.3. Briefly, the least square means (LSM) 

of linear scores of control and TMS cows were 2.3 and 2.1, respectively (P = 0.021). 

Additionally, the LSM of linear scores for cows in parity 1, 2and >2 were 2.0, 1.9 and 

2.6, respectively (P < 0.001), while, the LSM of linear scores for cows in the first, 

second, third, fourth and fifth month of lactation were 2.5, 1.9, 2.0, 2.2 and 2.4, 

respectively (P < 0.001). 

Table 5.3:Least squares means of linear scores. A mixed effect general linear 

model was used in this analysis and the variable “farm” was included in the 

model as a random effect. To account appropriately for within-cow correlation of 

the repeated linear scores, the error term was modeled by imposing a first-order 

autoregressive covariance structure for all statistical models. 

 LSM of linear scores (95% C.I.)
 

P-value 

Treatment   

Control
 

2.3 (2.2 - 2.4) 
0.021 

TMS 2.1 (2.0 – 2.2) 

Parity   

1 2.0 (1.9 – 2.2) 

< 0.001 2 1.9 (1.8 – 2.0) 

>2 2.6 (2.5 – 2.7) 

Month of lactation   

1 2.5 (2.4 – 2.6) 

< 0.001 

2 1.9 (1.8 – 2.0) 

3 2.0 (1.8 – 2.1) 

4 2.2 (2.1 – 2.3) 

5 2.4 (2.2 – 2.5) 

Treatment*parity*month
 

Refer to Fig.5 1 < 0.001 
Treatment * parity * month, three-way interaction term between the independent variables treatment, parity, and 

month of lactation; LSM, least squares means; TMS; trace mineral supplemented. Treatment group received three 

injections of trace minerals (at 230 and 260 days of gestation, and 35 days postpartum).Each injection contained 

300 mg of zinc, 50 mg of manganese, 25 mg of selenium, and 75 mg of copper. 

Linear SCC for the TMS and control cows, by parity and month of lactation, 

are presented in Figure 5.1. The effect of TMS treatment on linear scores increased as 
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parity increased; the decrease in linear scores observed in TMS treated primiparous 

cows was small compared to linear score drops observed for parity 2 and parity 3or 

greater. 

 

Figure 5.1: Least squares means of linear scores by month of lactation for 

primiparous cows (A), for second lactation cows (B) and for third or higher 

lactation cows (C). The dark gray line represents the controls and the light gray 

lines represent the trace mineral supplemented cows. The error bars stand for 

the 95% confidence interval for the mean and were calculated for the mixed 

effect general linear model that included ‘farm’ as a random effect. An asterisk 

(*) indicates monthly means differ (P < 0.05). 

Effects of treatment, parity and month of lactation on subclinical mastitis, and 

the incidence of subclinical mastitis by treatment, parity and month of lactation are 
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presented in Table 5.4. Control cows were at 1.3 times higher odds of having 

subclinical mastitis (P = 0.005). Moreover, second lactation cows and third lactation 

or older cows were at 1.2 and 2.6 times higher odds of having sub-clinical mastitis, 

respectively (P < 0.001). Additionally, cows in the second, third, fourth and fifth 

month of lactation had 7.0, 9.6, 11.2 and 10.3 increased odds of developing subclinical 

mastitis, respectively (P < 0.001). 

 

Table 5.4: Effect of treatment, parity and month of lactation on the odds of 

subclinical mastitis. Subclinical mastitis was defined as somatic cell count > 

200,000 and negative for clinical mastitis. 

 
Incidence of subclinical 

mastitis (%) 
Adjusted 

Odds ratio 
P-value 

Treatment    

Control 10.4 1.3 
0.005 

TMS
 

8.0 1.0 

Parity    

>2 14.2 2.6 

< 0.001 2 7.4 1.2 

1 6.0 1.0 

Month of lactation    

5 10.3 1.3 

< 0.001 

4 11.2 1.4 

3 9.6 1.2 

2 7.0 0.8 

1 8.2 1.0 

TMS, Trace mineral supplemented. See Table 3 for details of key.  

 

Effects of treatment and parity on clinical mastitis, and the incidence of clinical 

mastitis by treatment, parity and the interaction of treatment and parity can be seen in 

Table 5.5. Primiparous cows were at 1.82 times increased odds of having clinical 

mastitis compared to multiparous cows (P < 0.01). Treatment had no significant effect 

on the odds ratio of clinical mastitis (P = 0.14). However, the interaction between 
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treatment and parity significantly affected the odds of clinical mastitis; multiparous 

TMS treated cows had 39% less chance of developing clinical mastitis than 

multiparous control cows (P = 0.03) but there was no significant effect of treatment 

for primiparous cows (P = 0.33). 

Table 5.5: Mixed logistic regression model that evaluated the effect of treatment 

on the odds of clinical mastitis. 

 
Incidence of clinical 

mastitis (%) 

Adjusted 

Odds ratio 
P-value 

Treatment    

Control 22.4 % 1.25 
0.14 

TMS
a 

18.7 % 1.00 

Parity    

Multiparous 22.6 % 1.82 
< 0.01 

Primiparous 13.8% 1.00 

Treatment*parity    

Control and primiparous 11.8 % 0.72 
0.33 

TMS and primiparous 15.6 % 1.00 

Control and multiparous 25.4 % 1.39 
0.03 

TMS and multiparous 19.7 % 1.00 

Strata-specific statistical comparisons were made comparing the effect of treatment for 

primiparous and multiparous cows separately using the lsmeans option of the 

GLIMMIX procedure of SAS and the binary distribution option; the P values for these 

comparisons are presented in this table. 
a
TMS, trace mineral supplemented. See Table 3 for details of treatment; 

treatment*parity, interaction term between treatment and parity on the odds of clinical 

mastitis. 

 

Effect of subcutaneous trace mineral supplementation on reproduction, 

survivability, milk production traits and on other health traits 

There was no significant difference in reproduction between TMS and control 

cows. The median calving-to-conception intervals for the control and TMS groups 

were 110 and 111 days, respectively (P = 0.61). There was no significant difference in 

survivability between TMS and control cows (Figure 5.2, P = 0.99). Treatment had no 
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effect on reproduction and survivability when controlled for parity and farm in the 

models: The hazard ratio for pregnancy by treatment group was 1.008 (0.83–1.22) and 

the hazard ratio for death/culling by treatment group was 0.998 (0.77–1.29) .Treatment 

also had no effect on average daily milk production, average daily FCM production, 

and percentage of fat and protein in the milk (Table 5.6). 

 

Figure 5.2. Kaplan–Meier survival analysis of probability of death/culling by 

treatment group. Median time until culling/death was not estimated because 

more than 50% of the cows in both treatment groups were still alive by the end of 

the follow up period. There was no significant difference on survivability between 

trace mineral supplemented and controls (P = 0.99). 

 

The incidence of and effect of treatment on the odds of stillbirth parturition, 

endometritis, metritis, retained fetal membranes and displaced abomasum are 

presented in Table 5.7. Metritis, retained placenta and displaced abomasum were not 
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affected by treatment. However, control cows had 1.69 and 1.30 increased odds of 

having stillbirth and endometritis, respectively (P = 0.039 and 0.028, respectively). 

 

 

Table 5.6: Least squares means of milk (kg/d), fat corrected milk (kg/d), fat (%), 

and protein. 

 

Treatment P-value 

TMS (95% C.I.)
a 

Control (95% C.I.)  

Milk (kg/d) 40.3 (39.6 – 41.0) 40.5 (39.7 – 41.3) 0.66 

Fat corrected milk(kg/d) 43.0 (42.4 – 43.5) 43.0 (42.4 – 43.6) 0.95 

Fat (%) 3.7 (3.6 – 3.7) 3.7 (3.6 – 3.7) 0.75 

Protein (%) 3.1 (3.07 – 3.11) 3.1 (3.07 – 3.11) 0.84 

TMS = Trace mineral supplemented. See Table 3 for remainder of key. 

 

 

 

Table 5.7: Mixed logistic regression model that evaluated the effect of treatment 

on the odds of stillbirth, endometritis, metritis, retained placenta, and displaced 

abomasum. 

 
Control 

(%) 

TMS 

(%) 

Adjusted odds ratio 

95% C. I. 
P-value

 

Stillbirth 6.1 4.3 1.69 (1.03 – 2.80) 0.039 

Endometritis 34.2 28. 1.30 (1.03 – 1.64) 0.028 

Metritis 11.5 11.8 1.04 (0.74 – 1.46) 0.827 

Retained Placenta 6.7 6.8 1.00 (0.65 – 1.53) 0.999 

Displaced abomasum 2.6 1.3 1.73 (0.76 – 3.93) 0.194 

TMS = Trace mineral supplemented. See Table 3 for remainder of key. 
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DISCUSSION 

This study evaluated a multimineral supplementation so it was not possible to 

relate any response to a particular mineral. However, in a previous, recently published 

study using the same product that was also used here, it was reported that 

supplementation increased Se and Cu over 15 days, while plasma Zn and Mn 

concentrations were increased over 24 h (Pogge et al., 2012). These findings suggest 

that only Se and Cu were likely to be stored effectively, while the Mn and Zn 

supplementation was not likely to have a long term effect. However, further research 

is needed to validate what responses are due to which supplemented mineral, and to 

identify whether these minerals are stored in other tissues than the liver or if they are 

excreted 24 h after supplementation. 

Our objective was to evaluate the effect of a subcutaneous supplementation of 

a trace mineral supplement on health traits performance of lactating Holstein cows. It 

is important to highlight that the trace mineral status of the study cows were not 

established. However, the study was performed in well-managed farms that did not 

have any history of mineral deficiencies and where the diets were also well managed. 

The study showed a positive effect of trace mineral supplementation on udder health. 

Linear SCC scores were significantly lower for TMS cows, particularly multiparous 

cows in the third to fifth month of lactation (Fig. 5.1). This was reflected in TMS 

having a lower incidence of subclinical mastitis than control cows (8% vs. 10.4%, 

respectively). The incidence of clinical mastitis cases was reduced by trace mineral 

supplementation, but only in multiparous cow (from 25.4% to 19.7%). In primiparous 

cows the incidence of mastitis was higher in treated than in control cows (15.6%vs. 
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11.8%, respectively). Although the difference was not significant (P = 0.33) this may 

have been due to lack of power so a larger scale replication of the study using more 

primiparous cows is required to establish whether the biologically important 

difference seen in this study is consistently found. 

This effect on udder health, especially for multiparous cows, is consistent with 

the literature which suggests that there is a positive association between a cow’s Se 

status and its immune response (Salman et al., 2009) and, consequently, with udder 

health (Weiss et al., 1990). The effect seen in this study is also consistent with the 

report by Kruze et al. (2007) who showed that cows receiving a single injection of Se 

at drying-off had lower SCC after an intramammary challenge with Staphylococcus 

aureus. In contrast, Ceballos et al. (2010) reported that one injection of a long-acting 

form of Se at drying-off did not affect udder health in the subsequent lactation. 

However, that study lacked power (it used only 49 cows) and the animals were based 

at pasture rather than housed as in this study. Addition ally, it could be that using a 

combination of trace minerals is more beneficial than administrating Se alone but this 

needs further research. The lack of an impact on udder health in heifers is consistent 

with the findings of Ceballos-Marquez et al. (2010), who reported that neither dietary 

nor injectable supplementation of Se reduced SCC or clinical mastitis in pasture-based 

heifers. 

Although trace mineral supplementation can improve fertility (Rabiee et al., 

2010), the present study did not reveal any effect of additional trace mineral supplem 

entation on dairy cow calving-to-conception interval. Our study cows were fed a diet 

that exceeded NRC recommendations for trace minerals and apparently was enough 
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for maintenance of reproductive functions but not for optimizing udder health. This 

difference is consistent with the finding by Jukola et al. (1996) that the whole blood Se 

concentration needed to optimize udder health was two times higher than the Se 

concentration needed to maintain reproductive parameters. 

The effect of additional trace mineral supplementation on reproductive 

performance is controversial; researchers have reported that additional 

supplementation of trace minerals can have a negative (Vanegas et al., 2004), positive 

(Sales et al., 2011), or neutral effect on reproductive performance (Vanegas et al., 

2004). Vanegas et al. (2004) used a similar trace mineral supplement to that used in 

the present study but with lower concentrations of Cu, Mn and Zn. They reported that 

one shot postpartum did not affect cow reproductive performance but two shots of 

trace minerals (one before and one after parturition) reduced reproductive 

performance. On the other hand, in a study performed with crossbred heifers, there 

was an increase in the conception rate (embryo survival) of heifers that received a 

subcutaneous injection, 17 days prior to embryo transfer, of the same trace mineral 

source used in the present study (Sales et al., 2011). 

Trace mineral supplementation in our study was found to decrease the 

incidence of stillbirths and endometritis, conditions which are known to impair 

reproductive performance (Bicalho et al., 2007). In a recently published report, it was 

found that systemic trace mineral supplementation significantly decreased the 

proportion of cows with intrauterine contamination by Fusobacterium spp. and 

Trueperella spp. (Machado et al., 2012b), which are bacteria associated with uterine 
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diseases, especially metritis and clinical endometritis (Williams et al., 2005; Bicalho et 

al., 2011). 

The incidence of uterine diseases and mortality in the present study was similar 

to that seen in other work in North America. Leblanc et al. (2011) reported that the 

incidence of metritis typically ranged from 10% to 20%, which is similar to the 

incidence recorded here. Endometritis incidence was slightly higher in the current 

study than reported in previous studies performed in North America (Cheong et al., 

2012; Dubuc et al., 2010) but it is important to highlight that the method we used to 

diagnose endometritis differs from other studies; we evaluated the presence of pus in a 

uterine lavage sample, while others used cytology and the presence of purulent vaginal 

discharge (Cheong et al., 2012; Dubuc et al., 2010). Culling rate (<25%) was also 

comparable to other studies performed in North America (Bonneville-Hebert et al., 

2011; Brown et al., 2012). 

In our study, we observed an effect of subcutaneous trace mineral 

supplementation on udder health, endometritis and stillbirth incidences. We believe 

that this was due to some of the trace minerals, particularly Se and Cu, being stored in 

the liver after supplementation (Pogge et al., 2012), and thus being available during 

periods of deficiency or high demands (Xin et al., 1993). However, it is important to 

highlight that many other factors than trace mineral status can influence the incidence 

of stillbirth, endometritis and mastitis. Our results on the effect of trace mineral 

supplementation might be different for different herds and the generalization of these 

results should be made cautiously. In particular, the response to treatment could be 

region-, farm- system or country specific. Further research is needed to determine if 
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the results presented here are repeatable in different geographical locations and 

different farm systems and also to determine the mechanism through which some 

health parameters are improved with additional trace mineral supplementation 

subcutaneously. 

CONCLUSIONS 

Administration of three subcutaneous injections of trace minerals had a positive 

impact on udder health, decreasing linear SCC scores, the incidence of subclinical 

mastitis, and (in multiparous cows) the incidence of clinical mastitis. Additionally, 

trace mineral supplementation decreased the incidence of stillbirth parturition and 

endometritis. However, treatment did not have effect on reproduction performance, 

milk production and other health traits. 
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CHAPTER 6: The effect of injectable trace minerals (selenium, copper, zinc, and 

manganese) on peripheral blood leukocyte activity and serum superoxide dismutase 

activity of lactating Holstein cows * 
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zinc, and manganese) on peripheral blood leukocyte activity and serum superoxide 
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ABSTRACT 

The objective of this study was to evaluate the effect of subcutaneous supplementation 

of 300mg of zinc, 50 mg of manganese, 25 mg of selenium, and 75 mg of copper on 

peripheral blood leukocyte activity and serum β-hydroxybutyrate (BHBA) 

concentrations at 10 ± 2 days in milk (DIM), and on serum superoxide dismutase 

(SOD) activity during the transition period and subsequent lactation of multiparous 

Holstein cows. A total of 250 multiparous cows were randomly allocated into one of 

two treatments groups, namely, trace mineral supplemented (TMS) or control. Cows 

in the TMS group were injected at 230 and 260 days of gestation, and 35 days 

postpartum. Serum SOD activity was measured at enrollment, and 10, 60 and 100 

DIM. Serum BHBA concentration and leukocyte function were assessed at 10 DIM. 

Overall serum SOD activity for TMS and control was 16.01 and 12.71 U/mL, 

respectively. The interaction between treatment and time of serum collection was 

significant. Additionally, overall serum SOD activity was 12.85 and 14.78 U/mL for 

cows diagnosed with mastitis and unaffected cows, respectively. Treatment did not 

affect leukocyte function. For parity >2, TMS cows had lower serum BHBA 

concentrations than control cows; BHBA concentrations were 0.41 and 0.27 mmol/L 

for control and TMS cows, respectively. In conclusion, cows diagnosed with mastitis 

had decreased serum SOD activity, and trace mineral supplementation increased 

serum SOD activity although leukocyte function was not affected by supplementation. 

Key words: trace minerals, mastitis, neutrophil activity, superoxide dismutase, 

oxidative stress, mastitis 
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INTRODUCTION 

The transition period (defined as the period from 3 weeks before to 3 weeks 

after calving) is extremely challenging for the dairy cow (Drackley, 1999). It has been 

reported that the concentrations of some trace minerals are affected during the 

transition period, especially around the time of parturition (Goff and Stabel, 1990; Xin 

et al., 1993; Meglia et al., 2001).Trace minerals play an important role in dairy cow 

immune function (Shankar and Prasad, 1998), fertility (Rabiee et al., 2010), and 

growth (Enjalbert et al., 2006). Polymorphonuclear leukocyte function and 

bactericidal efficiency is compromised during the transition period (Burvenich et al., 

2003). Trace mineral status, especially selenium (Se) and zinc (Zn), affects neutrophil 

function in postpartum cows and affects neutrophil adhesion and superoxide 

production (Meglia et al., 2001; Cebra et al., 2003). 

Recently, we conducted a large field trial using 1400 dairy cows from three 

farms located in upstate New York to evaluate the effect of a trace mineral product 

containing Zn, Se, manganese (Mn) and copper (Cu) at 230 and 260 days of gestation, 

and 35 days postpartum on production, fertility and health traits. Supplementation did 

not affect milk production or fertility; however, we observed a significant positive 

effect on udder health for multiparous cows, decreasing somatic cell count (SCC) and 

the incidence of clinical mastitis (Machado et al., 2013). Nevertheless, the effect of 

injectable trace mineral on the transition cow’s immune and antioxidant systems 

remains unknown. 

Metabolic demands associated with the transition period increase the 

production of reactive oxygen species (Sordillo et al., 2009) and may lead to oxidative 
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stress (Miller et al., 1993). Superoxide dismutases (SOD) are enzymes that are 

involved in the antioxidant system and are Mn, Cu and Zn dependent (Andrieu, 2008). 

The enzymes are considered to be the first line of antioxidant defense, converting 

superoxide anion (O2
−
) to hydrogen peroxidase (H2O2), which is not a free radical 

(Michiels et al., 1994). Although there is evidence for a role of other antioxidants in 

udder health, the effect of SOD status on mammary gland health deserves further 

research (Sordillo and Aitken, 2009). 

A high serum concentration of postpartum β-hydroxybutyrate (BHBA) is an 

indicator of negative energy balance in the transition period, and it is associated with 

increased fat mobilization in early lactation (Ingvartsen and Andersen, 2000). It has 

been previously reported that Cu supplementation increased metabolism of adipose 

tissue in steers, due to an increased response to hormones responsible for lipolysis 

(Engle et al., 2000). To the best of our knowledge, there is no information regarding 

what effect Mn, Zn, Se, and Cu supplementation during the transition period has on 

postpartum BHBA concentrations. 

The objective of this study was to evaluate the effect of subcutaneous 

supplementation of 300mg of Zn, 50 mg of Mn, 25 mg of Se, and 75 mg of Cu 

(Multimin 90, Multimin North America) at 230 and 260 days of gestation, and 35 days 

postpartum on peripheral blood leukocyte activity and serum BHBA concentration at 

10 ± 2 days in milk (DIM), and serum SOD activity during the transition period, and 

subsequent lactation of multiparous Holstein cows. 
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MATERIAL AND METHODS 

Farm and management 

This study was conducted at a dairy farm located near Ithaca, New York. Cows 

were enrolled from 24 August until 29 September 2011; the follow-up period 

continued until 4 July 2012. The farm milked 3300 Holstein cows three times daily in 

a double 52-stall parallel milking parlor. The cows were housed in freestall barns, with 

concrete stalls covered with mattresses and bedded with manure solids. All cows were 

offered a total mixed ration (TMR) consisting of approximately 55% forage (corn 

silage, haylage and wheat straw) and 45% concentrate (corn meal, soybean meal, 

canola, cottonseed and citrus pulp) on a dry matter basis. The diet was formulated to 

meet or exceed the NRC (2001) nutrient requirements for lactating Holstein cows 

weighing 650 kg and producing 45 kg of 3.5% fat corrected milk. Nutrient contents of 

the diets are described in Table 6.1. 
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Table 6.1: Chemical composition (mineral and vitamins) of pre-fresh and fresh cow 

diets. 

Chemical composition (dry matter basis) Pre-fresh Lactation 

Crude protein (%) 14.00 15.70 

Soluble Protein (% CP) 30.00 29.00 

Acid Detergent Fiber (%) 26.40 20.50 

Neutral Detergent Fiber (%) 43.00 33.00 

Calcium (%) 
 

1.35 0.86 

Phosphorus (%)  0.40 0.43 

Magnesium (%)  0.35 0.31 

Potassium (%)  1.19 1.35 

Sodium (%)  0.18 0.49 

Sulfur (%)  0.43 0.27 

Copper (ppm) 15.00 20.00 

Iron (ppm) 292.00 188.0 

Manganese (ppm) 85.00 63.00 

Selenium( ppm) 0.66 0.80 

Zinc (ppm) 74.00 103.0 

Molybdenum (ppm) 0.90 1.20 

Pre-fresh diets were fed from 3 week prepartum through parturition and lactation diets 

were fed from parturition through week 35 postpartum. 

 

Samples of TMR from pre-fresh and lactation diets were obtained on two 

different days of a given week during the study period. The samples were combined 

into 2-day composite samples and submitted (for both pre-fresh and lactation diets) to 

a commercial laboratory (Dairy One Cooperative) for wet chemistry analysis. Samples 
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were analyzed for dry matter, crude protein, acid detergent fiber, neutral detergent 

fiber, and macro and micro minerals. 

Study design and treatments 

A randomized field trial study design was used; 250 cows were randomly 

allocated by study entry date into one of two treatments groups: trace mineral 

supplemented (TMS) or control. Randomization was completed in Excel (Microsoft) 

and imported into the farm’s Dairy Comp 305 program (Valley Agricultural 

Software). Cows that were randomly assigned to the treatment group received three 

injections of 5mL of Multimin 90 at 230 and 260 days of gestation, and 35 days 

postpartum; each injection contained 300 mg Zn, 50 mg Mn, 25 mg Se, and 75 mg Cu. 

Body condition scores (BCS) were determined for all study cows at 230 days 

of gestation and at 35 ± 3 DIM by a single investigator masked to the treatment group 

using a five-point scale with a quarter-point system (Edmonson et al., 1989). Serum 

samples were collected at 230 ± 3 and 260 ± 3 days of gestation, 10 ± 2, 60 ± 3, and 

100 ± 3 DIM. For evaluation of peripheral blood neutrophil function, blood was 

collected at 10 ± 2 DIM and processed for leukocyte activity within 15 h. 

The proposal was approved by the Cornell University Animal Care and Use 

Committee (2009-0001) and owner consent was obtained before the study was started. 

Case definition 

Retained fetal membranes, metritis, ketosis, displaced abomasum and clinical 

mastitis were diagnosed and treated by trained farm personnel who followed a specific 

diagnostic protocol designed by veterinarians from the Ambulatory and Production 

Medicine Clinic, Cornell University. Farm personnel were masked to the treatments. 
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The presence of retained fetal membranes was defined as failure to release fetal 

membranes within 24 h of calving. Metritis was defined as the presence of fetid, 

watery, red-brown uterine discharge and rectal temperature >39 °C. Ketosis was 

defined as high concentrations of ketone bodies (≥1470 µmol/L) in urine using 

Ketostix (Bayer). Displaced abomasum diagnosis made by the farm personnel was 

confirmed by veterinarians. Clinical mastitis was defined as abnormal changes in the 

udder and milk, such as watery appearance, flakes and clots. Data regarding health 

traits during the follow-up period were extracted from the farm’s DairyComp 305 

database, and all health events were considered as a single event variable. 

Peripheral blood leukocyte function, serum SOD activity and serum concentration 

of BHBA 

Leukocyte phagocytic activity was evaluated at 10 DIM using Phagotest Kit 

(Orpegen Pharma) containing fluorescein-labeled opsonized Escherichia coli (E. coli 

– FITC), following the manufacturer’s instructions. Granulocyte oxidative burst was 

determined quantitatively with Bursttest Kit (Orpegen Pharma) following the 

manufacturer’s instructions. Cells were analyzed with a FACSCalibur flow cytometer 

(Becton-Dickinson) using a 488 nm argon-ion laser. Ten thousand events were 

collected for each cell population (neutrophils or monocytes). Neutrophil activity 

assays were only performed on the first 200 cows that entered the study; one cow was 

excluded from these analyses due to a laboratory error. 

Serum SOD activity was assessed using Superoxide Dismutase Assay Kit 

(Cayman Chemical Company), following the manufacturer’s instructions. Serum SOD 



159 

 

activity was measured at 230 ± 3 days of gestation, and 10 ± 2, 60 ± 3, and 100 ± 3 

DIM. 

Serum concentration of BHBA was measured using the Auto kit 3-HB (Wako 

Chemicals), following the manufacturer’s instructions. Serum concentration of BHBA 

was measured at 10 ± 2 DIM. Serum concentrations of BHBA were only performed on 

the first 200 cows that entered the study. 

Statistical analyses 

To facilitate data analysis and interpretation, the variables BCS at enrollment 

(BCS1 = 1 if BCS was < 3; BCS1 = 2 if BCS = 3; BCS1 = 3 if BCS > 3), BCS at 10 ± 

2 DIM (BCS2 = 1 if BCS at 10 ± 2 DIMwas less than 3; BCS2 = 2 if BCS = 3 BCS2 = 

3 if BCS > 3), and Disease (Disease = 0 if the cow did not have any health event 

during the follow up period; Disease = 1 if the cows had at least one health event) 

were created. Descriptive statistics analysis was undertaken in SAS using the FREQ 

procedure (SAS Institute). The statistician was not blinded to the treatments. The 

experimental unit was the cow. 

Two mixed general linear models were fitted to the data using the MIXED 

procedure of SAS. The dependent variable evaluated in these analyses was serum 

SOD activity. The model assumption of normally distributed residuals was satisfied by 

visual evaluation of the distribution plot of the studentized residuals. The data were 

longitudinally collected and comprised a series of repeated measures of the dependent 

variable throughout the four time points of serum collection: at 230 days of pregnancy 

(enrollment), and 10 ± 2, 60 ± 3, and 100 ± 3 DIM. To account appropriately for 
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repeated measures, the error term was modeled by imposing a first-order 

autoregressive covariance structure for all statistical models. 

The independent variables offered to the first model were: treatment, BCS1, 

parity, and time of serum collection. The independent variables offered to the second 

model were: BCS1, BCS2, parity, ketosis, mastitis, metritis, retained placenta, 

displaced abomasum and time of serum collection. Two-way and three-way 

interactions between treatment and health parameters, parity and time of serum 

collection were offered to the models. Furthermore, variables and their respective 

interaction terms in all models were retained in the model only when they had a 

significant effect (P < 0.05). 

To assess the effect of treatment, parity, disease, retained placenta, metritis, 

mastitis, displaced abomasum and ketosis on the proportion of neutrophils or 

monocytes in the blood, percentage of neutrophils or monocytes that performed 

phagocytosis, mean fluorescence intensity and percentage of neutrophils or monocytes 

producing reactive oxygen metabolites, and amount of cleaved substrate by 

neutrophils or monocytes, the ANOVA function of JMP PRO9 (SAS Institute) was 

used. 

A linear regression modelwas fitted in SAS using the MIXED procedure to 

assess the effect of treatment on serum BHBA concentration at 10 ± 2 DIM. The 

independent variables treatment, parity, ketosis, mastitis, metritis, retained placenta, 

displaced abomasum were offered to the model. Variables were manually and 

stepwise removed from the model when the P-value > 0.05. Two-way interactions 

between treatment and all other independent variables were added to the model. 
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RESULTS 

Descriptive statistics regarding average age at enrollment (days), average BCS 

at enrollment and at 10 ± 2, average gestation length at enrollment, number of animals 

enrolled in parity 2 and >2 are presented in Table 6.2. 

Table 6.2: Descriptive statistics of treatment groups 

 Controls
 Trace mineral 

supplemented 

Average age (days) at enrollment (± SE) 1341 (±33) 1332 (±30) 

Average body condition score at enrollment (± SE) 3.29 (±0.04) 3.26 (±0.04) 

Average body condition score at 10 ± 2 (± SE) 2.90 (±0.04) 2.91 (±0.03) 

Average days of gestation at enrollment (± SE) 225.2 (±0.39) 225.5 (±0.35) 

Enrolled animals on parity 2 (%) 57 (46) 67 (54) 

Enrolled animals on parity > 2 (%) 56 (44) 70 (56) 

Total enrolled animals (%) 113 (45) 137 (55) 

 

The effect of treatment on serum SOD activity is presented in Figure 6.1. Trace 

mineral supplemented cows had greater overall serum SOD activity than control cows; 

overall serum SOD activity for TMS and control was 16.01 (SEM = 0.32) and 12.71 

(SEM = 0.34) U/mL, respectively (P < 0.0001). The interaction between treatment and 

time of serum collection was significant (P < 0.0001). 

The effect of parity on serum SOD activity is presented in Figure 6.2. Overall 

serum SOD activity from cows in parity 2 was not different from cows in parity >2; 

overall serum SOD activity was 14.53 (SEM = 0.30) and 14.20 (SEM = 0.32) U/mL 

for cows in parity 2 and >2, respectively (P = 0.44). However, the interaction between 

parity and time of serum collection was significant (P = 0.02). 
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Figure 6.1: Effect of treatment on serum superoxide dismutase (SOD) activity 

(U/mL); the light grey bar illustrates the average SOD activity for cows treated 

with injectable trace minerals at 60 days before parturition, 30 days before 

parturition and 35 days in milk, and the dark gray line illustrates the SOD 

concentration for the control cows. Trace mineral supplemented cows had 

greater overall serum SOD activity than control cows (P < 0.0001). The 

interaction between treatment and time of serum collection was significant (P < 

0.0001). Error bar represents the standard error of the means. 
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Figure 6.2: Effect of parity on serum superoxide dismutase (SOD) activity 

(U/mL); the light gray bar illustrates the average SOD activity for cows in parity 

2 and the dark gray line illustrates the SOD concentration for the cows in parity 

> 2. Overall serum SOD activity from cows in parity 2 was not different from 

cows in parity > 2 (P = 0.44). However, the interaction between parity and time of 

serum collection was significant (P = 0.02). Error bar represents the standard 

error of the means. 

 

 

The difference in serum SOD activity between cows with and without mastitis 

is presented in Figure 6.3. Overall serum SOD activity was lower for cows diagnosed 

with mastitis than for cows that did not have mastitis (12.85 (SEM = 0.62) and 14.78 

(SEM = 0.26) U/mL, respectively; P = 0.004). The interaction between the variable 

mastitis (yes or no) and the time of serum collection was not significant (P = 0.33). 

 

 

 

 

10

11

12

13

14

15

16

17

18

-60 10 60 100

Su
p

e
ro

xi
d

e
 D

is
m

u
ta

se
 a

ct
iv

it
y 

(U
/m

L)
 

Days in milk 



164 

 

Figure 6.3:Serum superoxide dismutase (SOD) activity (U/mL) for cows 

diagnosed as having or not having mastitis; the light gray bar illustrates the 

average SOD activity for cows that did not have mastitis and the dark gray line 

illustrates the SOD concentration for the cows that had mastitis. The overall 

serum SOD activity was lower for cows diagnosed with mastitis than for cows 

that did not have mastitis (P = 0.004). The interaction between the variable 

mastitis (yes or no) and time of serum collection was not significant (P = 0.33). 

Error bar represents the standard error of the means. 

 

 

 

 

The effects of treatment, parity and health traits on several parameters assessed 

by the Phagotest assay are presented in Table 6.3. Treatment did not have any effect 

on any parameter; however, other traits were associated with some parameters. The 

effects of treatment, parity and health traits on several parameters assessed by the 

Bursttest assay are presented in Table 6.4. Treatment did not have any effect on any 

parameter (P ≥ 0.05). 
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Table 6.3: Effect of treatment, parity, ketosis, displaced abomasum, mastitis, metritis and retained placenta on 

several parameters assessed by the Phagotest assay (phagocytosis). Bold font indicates P < 0.05 

 

 Phagotest 

 Level (n) %N %M
 

NP
 

MP
 

NM
 

MM
 

Treatment 
TMS (109) 37.6% 31.7% 83.4% 25.1% 206.4 65.2 

Control (90) 34.2% 32.7% 82.4% 23.8% 201.3 63.5 

Parity 
2 (106) 33.9% 32.2% 83.0% 24.3% 203.5 61.7 

>2 (93) 38.5% 32.1% 82.8% 24.8% 204.7 67.6 

Disease 
No (136) 36.4% 30.8% 83.3% 23.9% 204.4 64.3 

Yes (63) 35.4% 34.9% 82.1% 25.7% 203.5 64.8 

RFM
 No (180) 36.1% 31.8% 83.4% 24.4% 204.9 64.4 

Yes (19) 36.0% 34.9% 78.3% 26.0% 196.0 64.7 

Metritis 
No (176) 36.9% 32.2% 83.2% 24.1% 202.3 63.8 

Yes (23) 29.9% 31.8% 81.1% 27.4% 217.7 69.4 

Mastitis 
No (171) 35.6% 31.5% 83.2% 24.7% 206.8 64.8 

Yes (28) 39.0% 35.7% 81.2% 23.2% 187.8 62.5 

DA 
No (197) 36.2% 31.9% 82.9% 24.5% 204.3 64.4 

Yes (2) 26.7% 50.7% 83.3% 22.3% 185.1 67.8 

Ketosis 
No (185) 36.7% 32.0% 82.7% 24.2% 203.4 64.2 

Yes (14) 28.1% 33.5% 85.8% 28.3% 213.2 68.0 
TMS, trace mineral supplemented. Cows that were randomly assigned to the treatment group received three injections of 5 mL of Multimin 90 

(Multimin North America) at 230 and 260 days of gestation, and 35 days postpartum; each injection contained 300 mg Zn, 50 mg Mn, 25 mg Se, and 

75 mg Cu; RFM, retained fetal membranes; DA, displaced abomasum; %N , proportion of neutrophils in the blood after removal of erythrocytes; 

%M , proportion of monocytes in the blood after removal of erythrocytes; NP , percentage of neutrophils having performed phagocytosis; MP, 

percentage of monocytes having performed phagocytosis; NT , mean fluorescence intensity (reflects number of ingested bacteria) of neutrophils; 

MM , mean fluorescence intensity (reflects number of ingested bacteria) of monocytes 
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Table 6.4: Effect of treatment, parity, ketosis, displaced abomasum, mastitis, metritis and retained placenta on 

several parameters assessed by the Bursttest assay (oxidative burst). Bold font indicates P < 0.05 

 

 Bursttest 

 Level (n) OBNP
 

OBMP
 

OBNM
 

OBMM
 

Treatment 
TMS (109) 77.3% 17.9% 25.9 12.3 

Control (90) 78.2% 20.2% 28.6 9.2 

Parity 
2 (106) 77.5% 19.2% 26.2 11.5 

>2 (93) 78.0% 18.6% 27.9 10.3 

Disease 
No (163) 78.8% 19.3% 28.1 11.2 

Yes (36) 75.3% 18.1% 24.6 10.4 

RFM
 No (180) 78.5% 18.9% 27.3 11.0 

Yes (19) 70.7% 19.6% 23.5 10.2 

Metritis 
No (176) 78.3% 19.0% 27.5 11.1 

Yes (23) 73.0% 18.3% 23.2 9.8 

Mastitis 
No (171) 77.4% 19.2% 27.1 10.9 

Yes (28) 79.5% 17.5% 26.3 10.9 

DA 
No (197) 77.9% 19.1% 27.1 10.9 

Yes (2) 59.6% 6.7% 18.2 7.7 

Ketosis 
No (185) 78.0% 19.1% 27.3 11.1 

Yes (14) 74.6% 16.4% 22.5 8.0 
TMS, trace mineral supplemented. Cows that were randomly assigned to the treatment group received three injections of 5 mL of Multimin 90 

(Multimin North America) at 230 and 260 days of gestation, and 35 days postpartum; each injection contained 300 mg Zn, 50 mg Mn, 25 mg Se, and 

75 mg Cu; RFM, retained fetal membranes; DA, displaced abomasum; OBNP, percentage of neutrophils having produced reactive oxygen 

metabolites; OBMP, percentage of monocytes having produced reactive oxygen metabolites; OBNM, mean fluorescence intensity (amount of 

cleaved substrate, activity) of neutrophils; OBMM, mean fluorescence intensity (amount of cleaved substrate, activity) of monocytes 
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The effect of treatment on serum BHBA concentration at 10 ± 2 DIM is 

presented in Figure 6.4. The interaction between treatment and parity was significant 

(P = 0.049). Control cows had higher mean serum BHBA concentration than TMS 

cows; however, this difference was significant only for cows in their third or greater 

parity. Briefly, for cows in parity 2, BHBA concentrations were 0.30 (SEM = 0.02) 

and 0.25 (SEM = 0.02) mmol/L for control and TMS cows, respectively. For cows 

with parity > 2, BHBA concentrations were 0.41 (SEM = 0.02) and 0.27 (SEM = 0.02) 

mmol/L for control and TMS cows, respectively. 

 

 

 

 

Figure 6.4: Effect of treatment on serum β-hydroxybutyrate concentrations at 10 

± 2 days in milk. The interaction term treatment × parity was significant with a 

larger effect of treatment observed for cows with parity > 2 (P = 0.049). 
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DISCUSSION 

This study found an association between serum SOD activity and mastitis and 

an effect of trace mineral supplementation on serum SOD activity. There is evidence 

for the role of other antioxidants in udder health, such as vitamin C (Weiss and Hogan, 

2007), Se and vitamin E (Smith et al., 1984). However, information regarding the 

association of SOD and udder health is scarce (Sordillo and Aitken, 2009). In the 

present study, cows that were not affected with mastitis in the subsequent lactation had 

increased level of serum SOD activity through the four data collection points; 

however, this difference was significant only at 100 ± 3 DIM. This result suggests that 

SOD may play a role on udder health, being part of the antioxidant defense system 

(Sordillo and Aitken, 2009). 

In the present study, TMS cows had increased SOD activity for up to 100 

DIM. Prasad and Kundu (1995) reported that weaned calves fed milk supplemented 

with Zn and Cu had increased blood SOD activity compared with non-supplemented 

calves. Additionally, ewes had increased plasma SOD activity when they were 

supplemented with Cu and Zn over the basal diet (Pal et al., 2010). Moreover, Cu 

supplementation appeared to have a beneficial effect on serum SOD activity for 

Cashmere goats (Zhang et al., 2012). These studies support our findings, suggesting 

that at least the supplemented Zn and Cu are being incorporated in the system, 

resulting in increased SOD activity. 

Here we evaluated a multimineral supplement; therefore, it is not possible to 

relate any response to a particular mineral. However, the study was performed in a 

well managed farm, which did not have any history of mineral deficiencies and where 



169 

 

the diets were also well managed. In a recently published study using the same 

product, it was reported that Se and Cu were increased in the liver over 15 days 

(Pogge et al., 2012). 

Blood Se and Zn concentrations are associated with neutrophil adhesion of 

periparturient cows (Meglia et al., 2001; Cebra et al., 2003). However, in the present 

study, trace mineral supplementation did not alter either the phagocytic function or the 

oxidative burst of leukocytes. Previous studies reported that leukocyte function was 

increased in cows supplemented with trace minerals (Gyang et al., 1984; Grasso et al., 

1990; Hogan et al., 1990) However, these studies reported the effect of oral 

supplementation (Grasso et al., 1990; Hogan et al., 1990) and the effect of 

supplementation on trace mineral deficient cows (Gyang et al., 1984; Grasso et al., 

1990), while our study evaluated the effect of injected supplementation on dairy cows 

that were apparently not deficient. 

Interestingly, TMS cows tended to have lower serum BHBA concentration 

than control cows; this difference was significant for cows in their third or greater 

parity. This result was not expected, because it has been reported that Cu 

supplementation increases lipolysis in steers (Engle et al., 2000; Stahlhut et al., 2006). 

It is not clear how trace mineral supplementation decreased BHBA concentration; 

however, it has been demonstrated that oxidative status is associated with metabolic 

status in the periparturient period (Bernabucci et al., 2005; Pedernera et al., 2010). 
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CONCLUSIONS 

This study showed that cows injected with a trace mineral supplement at 230 

and 260 days of gestation, and 35 days postpartum had increased SOD activity 

through to 100 DIM. Additionally, cows that were affected with mastitis in the 

subsequent lactation had decreased serum SOD activity. For cows with parity > 2, 

TMS cows had lower serum BHBA concentrations than control cows. However, 

leukocyte function was not affected by trace mineral supplementation. 
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CHAPTER 7: Investigation of postpartum dairy cows' uterine microbial diversity 

using metagenomic pyrosequencing of the 16S rRNA gene * 
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ABSTRACT 

The objective of this study was the use of metagenomic pyrosequencing of the 

16S rRNA gene for the investigation of postpartum dairy cows’ uterine bacterial 

diversity. The effect of subcutaneous supplementation of a trace mineral supplement 

containing Zn, Mn, Se, and Cu (Multimin North America, Inc., Fort Collins, CO) at 

230 days of gestation and 260 days of gestation on dairy cows’ uterine microbiota was 

also evaluated. Uterine lavage samples were collected at 35 DIM and were visually 

scored for the presence of purulent or mucopurulent secretion. The same samples were 

also used for the acquisition of bacterial DNA. The 16S rRNA genes were individually 

amplified from each sample. Pyrosequencing of the samples was carried at the Cornell 

University Life Sciences Core Laboratories Center using Roche 454 GS-FLX System 

Titanium Chemistry. The Ribosomal Database Project online tools were used for the 

analysis of the obtained sequences library. Bacteroides spp., Ureaplasma spp., 

Fusobacterium spp., Peptostreptococcus spp., Sneathia spp., Prevotella spp. and 

Arcanobacterium spp. prevalence was significantly (P < 0.05) higher in samples 

derived from cows that had a higher uterine lavage sample score. Bacteroides spp., 

Ureaplasma spp., Fusobacterium spp., and Arcanobacterium spp. prevalence was 

significantly (P < 0.05) higher in samples derived from cows that were not pregnant 

by 200 DIM. Anaerococcus spp., Peptostreptococcus spp., Parabacteroides spp., and 

Propionibacterium spp. prevalence was significantly (P < 0.05) lower in samples 

derived from cows that were trace mineral supplemented. 

Key words: Arcanobacterium pyogenes, Dairy cows, Endometritis, Trace minerals, 

Reproduction, Fusobacterium necrophorum, Pyrosequencing 
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INTRODUCTION 

Postpartum uterine diseases are important for both animal welfare and 

economic reasons, contributing to cow discomfort, elimination from the herd and 

impaired reproductive performance. Although presence of Escherichia coli and 

Trueperella pyogenes has been more commonly associated with uterine inflammation 

and impaired reproductive performance (Bicalho et al., 2011), other pathogenic 

bacteria, such as Fusobacterium necrophorum, Bacteroides spp., Pseudomonas spp., 

Staphylococcus spp., Prevotella melaninogenica and Streptococcus spp. have also 

been associated with uterine diseases (Williams et al., 2005; Azawi, 2008; Santos et 

al., 2011). 

Metagenomics refers to culture-independent studies of the collective set of 

genomes of mixed microbial communities. Barcoded pyrosequencing on the Genome 

Sequencer FLX/454 Life Sciences platform enable a dramatic increase in throughput 

via parallel in-depth analysis of many samples with limited sample processing and 

lower costs (Meyer et al., 2008); such an approach has not yet been used for the 

investigation of dairy cows’ uterine microbial diversity. 

Trace minerals play an important role in dairy cows’ immune function, fertility 

and growth (Underwood and Suttle, 1999). Some positive effects of injectable trace 

minerals supplementation on cows’ reproductive traits have already been shown 

(Harrison et al., 1984; Sales et al., 2011). However, the effect of systemic trace 

minerals supplementation on uterine microbiota remains unknown. 

Therefore, the aim of this study was the use of metagenomic pyrosequencing 

of the 16S rRNA gene for the investigation of the uterine bacterial diversity and the 
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evaluation of the effect of subcutaneous supplementation of a trace mineral 

supplement. 

MATERIAL AND METHODS 

Animals, treatment, case definitions and sample collection 

Ninety seven primiparous Holstein cows kept in one dairy farm located near 

Ithaca, New York, were enrolled from September 16 of 2010 until June 30 of 2011. 

All cows were offered a total mixed ration (TMR) consisting of approximately 55% 

forage (corn silage, haylage, and wheat straw) and 45% concentrate (corn meal, 

soybean meal, canola, cotton seed, and citrus pulp) on a dry matter basis of the diet. 

The diets were formulated to meet or exceed the NRC nutrients requirements for 

lactating Holstein cows weighing 650 kg and producing 45 kg of 3.5% fat corrected 

milk (FCM). 

Pregnant heifers were randomly allocated to one of two treatments; trace 

mineral supplemented (TMS) or control. Randomization was completed in Excel 

(Microsoft, Redmond, WA) using the random number function and imported into the 

farms’ Dairy Comp 3051 program. Cows that were randomly assigned to the treatment 

group received 2 injections of trace minerals (Multimin North America, Inc., Fort 

Collins, CO) at approximately 230 days of gestation and 260 days of gestation; each 

injection contained 300 mg of zinc oxide, 50 mg of manganese carbonate, 25 mg of 

sodium selenite, and 75 mg of copper carbonate. Control cows were not injected with 

a negative placebo. 

Signs of uterine inflammation were evaluated at 35 ± 3 DIM by visual 

inspection of a uterine lavage sample for the presence of purulent secretion as 
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described by Machado et al. (2011). For the acquisition of a uterine lavage sample the 

cows were restrained, the perineum area was cleansed and disinfected with 70% 

ethanol, and a plastic infusion pipette was introduced into the cranial vagina and 

manipulated through the cervix into the uterus. A total of 20 ml of sterile saline 

solution was infused into the uterus and agitated gently, and a sample of the fluid was 

aspirated. The volume of recovered fluid ranged from 5 to 15 ml. All of the samples 

were visually scored by one investigator, who assessed the presence of a purulent or 

mucopurulent secretion in the uterine lavage sample. The score ranged from 0 to 2, 

with 0 indicating absence of a purulent or mucopurulent secretion in the lavage 

sample, 1 indicating a bloody but not purulent sample, and 2 the presence of pus in the 

lavage sample. The obtained uterine lavage sample was also used for the acquisition of 

uterine bacterial DNA. 

Retained placenta (RP) was defined as a condition where cows failed to 

release their fetal membranes within 24 h of calving (Kelton et al., 1998). Metritis was 

diagnosed and treated by properly trained farm personnel who followed a specific 

diagnostic protocol designed by the staff of the Ambulatory and Production Medicine 

Clinic, Cornell University. Data regarding reproductive performance during the 

subsequent lactation were extracted from the farm’s DairyComp 305 database (Valley 

Agricultural Software, Tulare, CA). Cows were right censored if not diagnosed as 

being pregnant before culling, death, or the end of the data collection period, which 

was at 200 DIM. This project proposal was reviewed and approved by the Cornell 

University Institutional Animal Care and Use Committee (# 2011-0111). 

DNA extraction 
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Isolation of microbial genomic DNA was performed by using a QIAamp DNA 

minikit (Qiagen) according to the manufacturer’s instructions. Some modifications, 

such as the addition of 400 mg of lysozyme and incubation for 12 h at 56 
o
C, were 

included to maximize bacterial DNA extraction. The DNA concentration and purity 

were evaluated by optical density using a NanoDrop ND-1000 spectrophotometer 

(NanoDrop Technologies, Rockland, DE, USA) at wavelengths of 230, 260 and 280 

nm. 

PCR amplification of the V1-2 region of bacterial 16S rRNA genes 

The 16S rRNA genes were individually amplified from each sample using a 

composite pair of primers containing unique 10-base barcode, which was used to tag 

the PCR products from respective samples. The forward primer used was 5'-

CGTATCGCCTCCCTCGCGCCAT-

CAGNNNNNNNNNNTCAGAGTTTGATCCTGGCTCAG-3’: the bold sequence is the 

GS FLX Titanium Primer A, and the italicized sequence is the universal broadly 

conserved bacterial primer 27F. The reversed primer used was 5’-

CTATGCGCCTTGCCAGCCCGCTCAG-

NNNNNNNNNNCATGCTGCCTCCCGTAGGAGT-3’: the bold sequence is the GS 

FLX Titanium Primer B, and the italicized sequence is the broad-range bacterial 

primer 338R. The sequence NNNNNNNNNN, which is identical in the forward and 

reverse primer of each pair, designates the unique 10-base barcode used to tag each 

PCR product. A two-base linker sequence (underlined) was inserted between the 

barcode and the template-specific sequence to help diminish any effect the composite 

primer might have on the efficiency of the amplifications. PCR were carried out in 
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triplicate 20-ml reactions containing 0.3 mM forward and reverse primers, 

approximately 50 ng of template DNA and 10 ml HotStar Taq Plus Mix kit (Qiagen). 

A modified touchdown thermal cycling was used for amplification and consisted of 

initial denaturation at 95 
o
C for 2 min, followed by 30 cycles of denaturation at 95 

o
C 

for 30 s, annealing (starting at 68 
o
C and subsequently decreased by 2 

o
C /2 cycles 

until it reached 58 
o
C, temperature at which the 20 remaining cycles were performed) 

for 30 s, extension at 72 
o
C for 60 s, and a final extension at 72 

o
C for 7 min. Replicate 

amplicons were pooled, purified with the QIAquick PCR Purification Kit (Qiagen), 

and visualized by electrophoresis using 1.2% (w/v) agarose gels stained with 0.5 mg/ 

ml ethidium bromide before sequencing. Blank controls, in which no DNA was added 

to the reaction, were performed similarly and, since these failed to produce visible 

PCR products, they were not analyzed further. 

Barcoded pyrosequencing of the bacterial 16S rRNA genes 

Amplicons were quantified using the Quant-iT Pico-Green dsDNA Assay Kit 

Invitrogen) and combined in equimolar ratios into a single tube with a final 

concentration of 16 ng/ml. Pyrosequencing of the samples was carried at the Cornell 

University Life Sciences Core Laboratories Center using Roche 454 GS-FLX System 

Titanium Chemistry. 

Bioinformatics 

The obtained FASTA sequences file was uploaded in the Ribosomal Database 

Project (RDP) pipeline initial processor that trimmed the 16S primers, tag sorted the 

sequences, and filtered out additional sequences of low quality. RDP Classifier was 
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used to assign 16S rRNA gene sequences of each sample to the new phylogenetically 

consistent higher-order bacterial taxonomy (Wang et al., 2007). 

Statistical analysis 

Comparisons between the mean prevalence of bacteria genera in samples from 

metritic or non-metritic cows, cows that suffered or not from RP, cows that conceived 

or did not conceive, cows with different uterine lavage sample scores, and from TMS 

or control cows were made with the ANOVA function of JMP
®
PRO9. Comparisons 

between the percentage of metritic and non-metritic cows, cows that suffered or not 

from RP, cows that conceived or did not conceive, cows with different uterine lavage 

sample scores, and TMS or control cows that were positive for each different bacterial 

genus were made with the chi-square function of JMP
®
PRO9. 

RESULTS 

Average prevalence of each different bacterial genus in samples from cows 

with different uterine lavage sample scores as well as the percentage of cows with 

different uterine lavage sample scores that were positive for each genus are presented 

in Table 7.1. Bacteroides spp., Ureaplasma spp., Fusobacterium spp., 

Peptostreptococcus spp., Sneathia spp., Prevotella spp. and Trueperella spp. 

prevalence was significantly (P < 0.05) higher in samples derived from cows that had 

a higher uterine lavage sample score. 

Average prevalence of each different bacterial genus in samples from metritic 

or non-metritic cows as well as the percentage of cows that were positive for each 

genus is presented in Table 6.2. Bacteroides spp. and Ureaplasma spp. prevalence was 

significantly (P < 0.05) higher in samples derived from cows that suffered from 
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metritis, while Geobacillus spp. prevalence was higher in samples derived from the 

non-metritic cows. Ureaplasma spp. was present in 65% of the metritic cows while it 

was present only in 40% of the non-metritic cows (P < 0.05). 

Average prevalence of each different bacterial genus in samples from cows 

with RP and cows without RP as well as the percentage of cows that were positive for 

each genus are presented in Table 6.3. Mycoplasma spp. and Ureaplasma spp. 

prevalence was significantly (P < 0.05) higher in samples derived from cows with RP. 

The percent of animals positive to these genera was also significantly (P < 0.05) 

higher in cows that had RP. 

Average prevalence of each different bacterial genus in samples from cows 

that were pregnant by 200 DIM and cows that were not pregnant by 200 DIM as well 

as the percentage of cows that were positive for each genus are presented in Table 6.4. 

Bacteroides spp., Ureaplasma spp., Fusobacterium spp., and Trueperella spp. 

prevalence was significantly (P < 0.05) higher in samples derived from cows that were 

not pregnant by 200 DIM. 
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Table 7.1: Percentage of cows with different uterine lavage sample scores that 

were positive for each genus and average prevalence of each different bacterial 

genus in samples from cows with different uterine lavage sample scores. 

Endometritis score was: 0 = no endometritis (n = 80), 1 = mild endometritis (n = 

12), and 2 = severe endometritis (n = 5). Values in bold indicate statistically 

significant difference.  

Phylum 
% of the cows tested positive Average prevalence % 

0 1 2 P-value 0 1 2 P-value 

Firmicutes 100 92 100 0.13 52.30 35.80 11.10 <0.01 

Genus 

Sporanaerobacter 1 0 20 0.02 <0.01 0.00 0.05 <0.001 

Moryella 4 0 2 0.15 0.01 0.00 0.10 <0.001 

Peptoniphilus 18 16 100 <0.01 0.05 0.04 0.20 0.10 

Anaerococcus 20 16 40 0.52 0.07 0.10 0.30 0.08 

Lactobacillus 41 50 20 0.49 0.40 0.20 <0.01 0.83 

Anaerovibrio 37 50 40 0.71 0.10 0.30 0.01 0.03 

Peptostreptococcus 26 25 60 0.25 0.10 0.06 0.70 <0.01 

Clostridium 50 50 20 0.42 0.20 0.20 <0.01 0.40 

Streptococcus 65 67 20 0.12 0.10 0.30 0.50 0.14 

Helcococcus 43 8 100 <0.01 0.30 0.01 0.40 <0.01 

Roseburia 57 50 20 0.25 0.08 0.20 0.30 0.10 

Oscillibacter 78 75 40 0.14 1.31 1.00 0.01 0.14 

Geobacillus 98 92 100 0.25 13.00 9.30 0.40 0.02 

Staphylococcus 65 50 20 0.09 2.56 1.56 0.10 0.84 

Bacteroidetes 100 100 100  12.20 12.40 40.40 <0.01 

Genus 

Odoribacter 5 0 40 <0.01 0.01 0.00 0.03 0.79 

Parabacteroides 27 33 0 0.18 0.04 0.06 0.00 0.48 

Paludibacter 47 42 0 0.04 0.20 0.20 0.00 0.28 

Prevotella 29 25 60 0.30 0.10 0.03 1.00 <0.01 

Porphyromonas 47 33 60 0.53 0.30 0.80 1.00 0.05 

Alistipes 67 75 20 0.07 0.90 0.80 <0.01 0.18 

Bacteroides 36 33 80 0.13 0.40 0.04 9.00 < 0.01 

Proteobacteria 100 92 100 0.13 20.1 18.8 0.40 0.14 

Genus 

Acidovorax 10 8 0 0.59 0.20 <0.01 0.00 0.75 

Campylobacter 20 8 0 0.21 0.02 <0.01 0.00 0.30 

Devosia 5 17 0 0.24 0.06 0.05 0.00 0.96 

Escherichia/Shigella 46 41 20 0.48 0.30 0.10 0.01 0.29 

Sphingopyxis 10 8 0 0.75 0.10 0.08 0.00 0.90 

Proteus 54 58 20 0.31 0.80 0.20 <0.01 0.38 

Acinetobacter 84 67 20 <0.01 0.60 0.20 0.01 0.12 

Halomonas 87 83 60 0.23 1.00 0.30 0.03 0.05 

Terenicutes 59 58 60 0.99 7.00 23.20 24.30 0.02 

Genus 
Mycoplasma 14 25 0 0.37 0.70 4.90 0.00 0.21 

Ureaplasma 45 50 60 0.78 5.80 17.80 23.50 0.03 

Fusobacteria 73 58 100 0.11 2.00 7.00 21.70 <0.01 

Genus 

Streptobacillus 16 8 0 0.49 0.20 0.02 0.00 0.61 

Sneathia 30 41 40 0.67 0.70 2.00 3.00 0.03 

Fusobacterium 66 33 100 0.02 1.35 1.80 17.10 <0.01 

Actinobacteria 100 92 80 0.02 6.00 2.50 2.00 0.17 

Genus 
Arcanobacterium 21 25 80 0.01 0.10 0.07 2.0 < 0.01 

Propionibacterium 81 91 40 0.04 0.10 0.40 0.60 0.08 

Spirochaetes 39 20 0.00 0.07 0.17 0.12 0.00 0.47 

Genus Treponema 40 16 0.00 0.03 0.10 0.08 0.00 0.40 
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Table 7.2: Percentage of metritic (n = 27) and non-metritic (n = 70) cows that 

were positive for each different bacterial genus and average prevalence of each 

genus in samples from metritic or non-metritic cows. Values in bold indicate 

statistically significant difference. 

Phylum 
% of the cows tested positive Average prevalence % 

Non-metritis Metritis P-value Non-metritis Metritis P-value 

Firmicutes 98 100 0.44 51.70 36.80 <0.01 

Genus 

Sporanaerobacter 1 4 0.42 <0.01 0.01 0.29 

Moryella 1 13 <0.01 <0.01 0.04 0.05 

Peptoniphilus 21 30 0.35 0.06 0.05 0.85 

Anaerococcus 19 26 0.50 0.07 0.13 0.28 

Lactobacillus 40 39 0.92 0.46 0.13 0.49 

Anaerovibrio 39 43 0.69 0.15 0.06 0.164 

Peptostreptococcus 28 35 0.56 0.11 0.24 0.14 

Clostridium 46 52 0.62 0.16 0.28 0.27 

Streptococcus 66 57 0.43 0.60 0.40 0.46 

Helcococcus 42 52 0.39 0.34 0.48 0.59 

Roseburia 55 52 0.80 0.42 0.41 0.93 

Oscillibacter 76 83 0.52 1.20 1.40 0.49 

Geobacillus 97 100 0.40 13.70 8.03 0.04 

Staphylococcus 63 57 0.60 2.70 2.30 0.43 

Bacteroidetes 100 100  12.70 18.90 0.07 

Genus 

Odoribacter 4 13 0.15 <0.01 0.04 0.06 

Parabacteroides 25 35 0.38 0.04 0.06 0.60 

Paludibacter 42 52 0.39 0.15 0.25 0.09 

Prevotella 31 35 0.76 0.13 0.34 0.27 

Porphyromonas 43 61 0.14 0.60 1.50 0.22 

Alistipes 66 70 0.73 0.80 0.90 0.68 

Bacteroides 34 57 0.06 0.34 2.42 0.03 

Proteobacteria 98 100 0.44 20.30 10.50 0.05 

Genus 

Acidovorax 7 9 0.85 0.01 0.06 0.08 

Campylobacter 15 26 0.23 0.02 0.03 0.32 

Devosia 1 17 <0.01 <0.01 0.19 0.07 

Escherichia/Shigella 49 30 0.12 0.30 0.12 0.16 

Sphingopyxis 7 9 0.85 0.04 0.35 0.14 

Proteus 54 57 0.82 0.71 0.27 0.24 

Acinetobacter 79 70 0.35 0.49 0.54 0.79 

Halomonas 84 87 0.70 0.80 0.80 0.83 

Terenicutes 52 74 0.06 5.70 24.40 <0.01 

Genus 
Mycoplasma 10 26 0.07 0.90 2.60 0.38 

Ureaplasma 40 65 0.04 4.50 20.70 <0.01 

Fusobacteria 75 74 0.95 3.40 5.10 0.53 

Genus 

Streptobacillus 16 4 0.14 0.23 0.02 0.23 

Sneathia 37 22 0.17 1.10 1.10 0.99 

Fusobacterium 66 65 0.97 1.88 3.78 0.20 

Actinobacteria 98 96 0.45 5.90 3.90 0.26 

Genus 
Arcanobacterium 21 30 0.35 0.16 0.30 0.42 

Propionibacterium 79 87 0.41 1.04 1.01 0.92 

Spirochaetes 34 48 0.25 0.12 0.25 0.06 

Genus Treponema 34 43 0.43 0.10 0.22 0.09 
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Table 7.3: Percentage of cows with retained placenta (RP, n = 5) and without RP 

(n = 92) that were positive for each different bacterial genus and average 

prevalence of each genus in samples from cows with RP and cows without RP. 

Values in bold indicate statistically significant difference. 

Phylum 
% of the cows tested positive Average prevalence % 

Non-RP RP P-value Non-RP RP P-value 

Firmicutes 99 100 0.76 48.10 43.60 0.72 

Genus 

Sporanaerobacter 2 0 0.76 <0.01 0.00 0.76 

Moryella 5 0 0.66 0.02 0.00 0.71 

Peptoniphilus 23 25 0.94 0.06 0.02 0.54 

Anaerococcus 22 0 0.29 0.08 0.00 0.49 

Lactobacillus 39 50 0.68 0.38 0.28 0.91 

Anaerovibrio 39 50 0.68 0.13 0.06 0.59 

Peptostreptococcus 30 25 0.82 0.15 0.04 0.57 

Clostridium 48 50 0.93 0.18 0.17 0.11 

Streptococcus 63 75 0.62 0.62 0.15 0.44 

Helcococcus 44 50 0.82 0.37 0.50 0.82 

Roseburia 55 50 0.85 0.41 0.58 0.65 

Oscillibacter 78 75 0.89 1.20 2.24 0.17 

Geobacillus 98 100 0.76 1.30 5.90 0.36 

Staphylococcus 62 50 0.64 2.30 0.17 0.71 

Bacteroidetes 100 100  14.40 11.30 0.66 

Genus 

Odoribacter 7 0 0.58 0.01 0.00 0.76 

Parabacteroides 26 75 0.03 0.04 0.14 0.05 

Paludibacter 44 50 0.82 0.17 0.21 0.73 

Prevotella 33 25 0.75 0.19 0.04 0.70 

Porphyromonas 48 50 0.93 0.88 0.11 0.63 

Alistipes 66 75 0.72 0.83 1.02 0.72 

Bacteroides 39 50 0.68 0.91 0.10 0.70 

Proteobacteria 99 100 0.76 18.50 3.80 0.17 

Genus 

Acidovorax 8 0 0.55 0.02 0.00 0.72 

Campylobacter 16 50 0.08 0.02 0.02 0.83 

Devosia 5 25 0.08 0.05 0.02 0.87 

Escherichia/Shigella 46 0 0.07 0.27 0.00 0.34 

Sphingopyxis 8 0 0.55 0.12 0.00 0.78 

Proteus 52 100 0.06 0.62 0.11 0.51 

Acinetobacter 77 75 0.94 0.10 0.45 0.42 

Halomonas 85 75 0.59 0.86 0.15 0.23 

Terenicutes 56 100 0.03 9.20 37.90 0.02 

Genus 
Mycoplasma 13 50 0.04 0.81 3.78 <0.01 

Ureaplasma 45 75 0.24 8.10 23.10 0.16 

Fusobacteria 77 25 0.03 4.00 1.10 0.61 

Genus 

Streptobacillus 14 0 0.42 0.18 0.0 0.61 

Sneathia 35 0 0.15 1.20 0.0 0.73 

Fusobacterium 67 25 0.08 2.40 1.10 0.67 

Actinobacteria 98 100 0.67 5.60 2.00 0.36 

Genus 
Arcanobacterium 22 50 0.20 0.20 0.07 0.70 

Propionibacterium 80 100 0.32 1.10 0.54 0.44 

Spirochaetes 36 75 0.12 0.15 0.22 0.65 

Genus Treponema 36 50 0.57 0.13 0.15 0.87 
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Table 7.4: Percentage of cows that were pregnant (n = 67) and cows that were not 

pregnant (n = 30) by 200 DIM that were positive for each different bacterial 

genus and average prevalence of each genus in samples from cows with different 

pregnancy status. Values in bold indicate statistically significant difference. 

Phylum 
% of the cows tested positive Average prevalence % 

Non-pregnant Pregnant P-value Non-pregnant Pregnant P-value 

Firmicutes 100 98 0.40 44.00 49.60 0.31 

Genus 

Sporanaerobacter 4 2 0.53 0.01 <0.01 0.38 

Moryella 4 5 0.82 0.02 0.01 0.55 

Peptoniphilus 30 21 0.35 0.05 0.06 0.65 

Anaerococcus 7 27 0.04 0.05 0.09 0.46 

Lactobacillus 18 49 <0.01 0.03 0.53 0.27 

Anaerovibrio 37 41 0.71 0.11 0.14 0.61 

Peptostreptococcus 22 33 0.29 0.17 0.13 0.67 

Clostridium 41 51 0.38 0.11 0.23 0.15 

Streptococcus 48 70 0.05 0.25 0.74 0.07 

Helcococcus 44 44 1.00 0.76 0.21 0.02 

Roseburia 44 59 0.21 0.33 0.46 0.45 

Oscillibacter 74 79 0.58 1.10 1.30 0.57 

Geobacillus 96 98 0.53 8.43 13.90 0.04 

Staphylococcus 44 68 0.03 5.20 0.90 0.09 

Bacteroidetes 100 100  15.60 13.70 0.57 

Genus 

Odoribacter 15 3 0.04 0.01 0.01 0.96 

Parabacteroides 18 32 0.19 0.03 0.05 0.18 

Paludibacter 30 51 0.06 0.12 0.20 0.18 

Prevotella 26 35 0.40 0.33 0.12 0.26 

Porphyromonas 41 51 0.38 1.66 0.50 0.10 

Alistipes 59 70 0.33 0.61 0.94 0.17 

Bacteroides 44 38 0.57 2.14 0.33 <0.05 

Proteobacteria 100 98 0.40 11.20 20.60 0.049 

Genus 

Acidovorax 4 9 0.34 <0.01 0.03 0.34 

Campylobacter 11 21 0.28 <0.01 0.02 0.07 

Devosia 0 8 0.13 0.00 0.07 0.48 

Escherichia/Shigella 33 49 0.16 0.07 0.33 0.03 

Sphingopyxis 0 11 0.07 0.00 0.17 0.39 

Proteus 41 60 0.09 0.13 0.80 0.06 

Acinetobacter 67 81 0.14 0.26 0.60 0.10 

Halomonas 78 87 0.25 0.69 0.88 0.47 

Terenicutes 67 54 0.26 18.44 7.13 0.04 

Genus 
Mycoplasma 11 16 0.56 2.20 0.96 0.51 

Ureaplasma 56 43 0.27 15.30 6.00 0.048 

Fusobacteria 78 73 0.63 6.40 2.80 0.15 

Genus 

Streptobacillus 22 9 0.10 0.31 0.12 0.24 

Sneathia 33 33 1.00 0.89 1.25 0.81 

Fusobacterium 67 65 0.88 4.80 1.30 0.01 

Actinobacteria 96 98 0.55 4.80 5.70 0.61 

Genus 
Arcanobacterium 22 24 0.87 0.44 0.08 0.03 

Propionibacterium 70 86 0.09 0.53 1.2 0.02 

Spirochaetes 26 43 0.12 0.07 0.19 0.09 

Genus Treponema 26 41 0.17 0.06 0.16 0.094 
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Average prevalence of each different bacterial genus in samples from TMS and 

control cows as well as the percentage of cows that were positive for each genus are 

presented in Table 5.5. Anaerococcus spp., Peptostreptococcus spp., Parabacteroides 

spp., and Propionibacterium spp. prevalence was significantly (P < 0.05) lower in 

samples derived from cows that were trace mineral supplemented. 

DISCUSSION 

In general, results presented here highlight the importance of known pathogens 

already associated in previous studies with uterine health and reproductive 

performance. Additionally, using pyrosequencing we were able to evaluate not only 

the presence or absence of microorganisms but the relative abundance of each 

bacterium in each sample and thus obtain more quantified results. 

 

 

 

 

 

 

 

 

 

 

 



188 

 

Table 7.5: Percentage of control (n = 50) and trace mineral supplemented (TMS, 

n = 47) cows that were positive for each different bacterial genus and average 

prevalence of each genus in samples from control and TMS cows. Values in bold 

indicate statistically significant difference. 

Phylum 
% of the cows tested positive Average prevalence % 

Control Treatment P-value Control Treatment P-value 

Firmicutes 98 100 0.25 50.80 45.30 0.25 

Genus 

Sporanaerobacter 4 0 0.17 0.01 0.00 0.18 

Moryella 8 0 <0.05 0.03 0.00 0.10 

Peptoniphilus 30 15 0.08 0.06 0.04 0.54 

Anaerococcus 36 4 <0.01 0.10 0.01 <0.01 

Lactobacillus 52 30 0.03 0.60 0.07 0.13 

Anaerovibrio 44 34 0.31 0.20 0.08 0.13 

Peptostreptococcus 54 0 <0.01 0.20 0.00 <0.01 

Clostridium 52 45 0.47 0.20 0.20 0.36 

Streptococcus 70 55 0.13 0.60 0.60 0.89 

Helcococcus 54 30 0.02 0.30 0.40 0.92 

Roseburia 62 46 0.13 0.50 0.20 0.07 

Oscillibacter 84 68 0.07 1.50 0.90 0.07 

Bacteroidetes 100 100  16.20 11.10 0.07 

Genus 

Odoribacter 6 6 0.94 0.02 0.01 0.53 

Parabacteroides 32 21 0.23 0.06 0.02 0.02 

Paludibacter 46 43 0.73 0.20 0.10 0.53 

Prevotella 38 21 0.07 0.30 0.04 0.09 

Porphyromonas 68 23 < 0.01 1.10 0.50 0.35 

Alistipes 70 62 0.39 0.80 0.80 0.85 

Bacteroides 62 13 < 0.01 0.60 1.00 0.62 

Proteobacteria 98 100 0.25 13.90 24.30 <0.02 

Genus 

Acidovorax 10 9 0.8 0.01 0.03 0.55 

Campylobacter 24 11 0.08 0.03 0.01 0.10 

Devosia 8 4 0.44 0.09 0.01 0.39 

Escherichia/Shigella 44 45 0.95 0.30 0.30 0.96 

Sphingopyxis 12 6 0.34 0.20 0.02 0.21 

Proteus 48 57 0.35 0.50 0.80 0.38 

Acinetobacter 74 83 0.28 0.40 0.60 0.13 

Halomonas 80 92 0.11 0.60 1.00 0.06 

Terenicutes 54 66 0.23 8.70 11.10 0.61 

Genus 

Mycoplasma 10 19 0.2 1.10 1.10 0.92 

Ureaplasma 38 55 0.09 7.30 9.20 0.65 

Geobacillus 96 100 0.17 12.00 13.00 0.42 

Staphylococcus 74 47 0.01 3.80 0.80 0.16 

Fusobacteria 84 62 0.01 4.00 3.30 0.73 

Genus 

Streptobacillus 18 11 0.30 0.10 0.20 0.34 

Sneathia 36 28 0.38 1.50 0.60 0.49 

Fusobacterium 78 49 <0.01 0.80 0.90 1.00 

Actinobacteria 96 100 0.10 6.00 4.70 0.40 

Genus 
Arcanobacterium 36 13 <0.01 0.20 0.20 0.99 

Propionibacterium 90 70 0.01 1.50 0.50 <0.01 

Spirochaetes 40 32 0.41 0.20 0.10 0.14 

Genus Treponema 38 32 0.53 0.20 0.10 0.21 
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Fusobacterium necrophorum has been associated with acute uterine infections, 

mostly during the second week postpartum (Azawi, 2008; Bicalho et al., 2011; Santos 

et al., 2011); while Trueperella pyogenes has been associated with chronic uterine 

infections, later on the lactation period (Bicalho et al., 2011). We show here that RP 

and metritis were not risk factors for higher proportion of positive cows and higher 

average prevalence of Fusobacterium spp. and Trueperella spp. in the samples; these 

bacteria were found to be associated with uterine infection at 35 DIM though. It 

should be noted here that phylogenetic analysis performed (data not shown) showed 

that sequences representing Fusobacterium spp. and Trueperella spp. in our samples 

were closely affiliated to Fusobacterium necrophorum and Trueperella pyogenes 

respectively. In a previous study, Bicalho et al. (2011) evaluated, using PCR, the 

relationship between specific virulence factors of Trueperella pyogenes, Escherichia 

coli and Fusobacterium necrophorum, and incidence of metritis and endometritis; and 

found that at 35 DIM, only Trueperella pyogenes was associated with endometritis. 

Presence or absence in the uterine lumen of Fusobacterium spp. and 

Trueperella spp. at 35 DIM was not associated with reproductive performance; 

however, the average prevalence of these bacteria was associated with a decrease in 

reproductive performance. The lack of association between the presence of these 

bacteria and reproduction performance was also observed by Bicalho et al. (2011). We 

show here that it is the relative abundance of intrauterine Fusobacterium spp. and 

Trueperella spp. at 35 DIM and not just their presence or absence in the uterus, which 

is associated with future reproductive performance. 
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RP has long been recognized as a risk factor for metritis and reduced 

reproductive efficiency (Benzaquen et al., 2007). However, in this study, RP did not 

seem to affect 35 DIM prevalence of bacteria that are traditionally correlated with 

endometritis and reproductive failure. The only significant effect that RP was found to 

have was on Mycoplasma spp. A higher proportion of cows that had RP were positive 

for Mycoplasma spp. while prevalence of Mycoplasma spp. was also higher in samples 

from cows that suffered from RP. Phylogenetic analysis (data not shown) of 

Mycoplasma spp. related OTU revealed its affiliation with Mycoplasma 

bovigenitalium. 

Emphasis should be placed on the lack of association between 

Escherichia/Shigella spp. and uterine infection or reproductive performance that is 

reported here. Escherichia coli has been associated with uterine infections (Bicalho et 

al., 2010; Sheldon et al., 2010) and was reported to have an adverse effect on 

reproductive performance (Bicalho et al., 2011; Machado et al., 2012). However, 

recent studies have shown that presence of E. coli in the uterus at 35 DIM is not 

important for uterine disease and reproductive performance. It is the presence of 

Escherichia coli in the uterus during the first week after parturition that is related to 

uterine disease and may negatively affect reproduction in dairy cows (Bicalho et al., 

2010, 2011; Machado et al., 2012). 

Additionally, higher average prevalence of Ureaplasma spp. was associated 

with reproductive failure and greater mucus score. Phylogenetic analysis (data not 

shown) showed that Ureaplasma spp. in this study was probably Ureaplasma 

diversum. Ureaplasmas were firstly isolated from the bovine reproductive tract by 



191 

 

Taylor-Robinson et al. (1967), and Ureaplasma diversum has been associated with 

granular vulvitis, endometritis (Doig et al., 1980) and reproductive failure (Kreplin et 

al., 1987). A possible mechanism of action of Ureaplasma diversum might be related 

to its ability to disturb prostaglandin production by endometrial cells (Kim et al., 

1994). Average prevalence of Prevotella spp. was also associated with mucus score, 

while the average prevalence of Bacteroides spp. was associated with reproductive 

failure. Both these genera have already been associated with postpartum uterine 

infection (Williams et al., 2005; Azawi, 2008). 

Percentage of cows positive for Staphylococcus spp. was significantly higher 

for cows that were pregnant by 200 DIM. However, average prevalence was higher in 

cows that were not pregnant by 200 DIM (P = 0.09). Staphylococcus spp. has been 

previously reported as being detrimental for uterine health (Paisley et al., 1986). Other 

bacteria were beneficial to uterine health or reproductive performance. Percentage of 

cows positive for Lactobacillus spp. was higher in cows that were pregnant by 200 

DIM; Lactobacillus spp. are usually benign, and have been previously isolated from 

dairy and meat cows’ vaginal vault (Rodriguez et al., 2011) and from buffaloes’ uteri 

(Azawi et al., 2008). Azawi et al. (2008) suggested that presence of Lactobacillus spp. 

in the buffaloes’ uterus is beneficial for uterine health. Additionally, Propionibacter 

spp. was positively associated with reproductive performance. This bacterium has 

never been isolated from bovine uteri before. However, there are studies showing 

beneficial effects of feeding Propionobacteria on milk production (Stein et al., 2006) 

and reproduction (Lehloenya et al., 2008). 
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Pyrosequencing of the 16S rRNA gene also allowed the detection of some 

pathogenic bacteria that, to the best of our knowledge, have never been detected or 

associated with uterine health so far. For instance, bacteria from the genus 

Odoribacter, described as an inhabitant of the human intestine that have the potential 

to become an opportunistic pathogen (Goker et al., 2011), and has been isolated from 

surgically removed appendices (Hardham et al., 2008) and peritoneal pus (Labbe et 

al., 1977) were associated with uterine disease and poor reproductive performance. In 

addition, Peptoniphilus spp. was also associated with uterine disease; bacteria from 

this genus have been reported as intramammary infections (Bexiga et al., 2011) or 

human clinical infections pathogens (Citron et al., 2011). Moreover, bacteria from the 

genus Helcococcus, an emerging pathogen related with bovine valvular endocarditis 

(Kutzer et al., 2008), were reported here to be associated with uterine infection. 

Systemic trace mineral supplementation significantly decreased the proportion 

of positive cows for some genera that were associated with uterine infection or 

reproductive failure, such as Helcococcus spp., Bacteroides spp., Fusobacterium spp., 

and Trueperella spp. It is possible that transition cows may have increased trace 

minerals needs that a diet formulated to meet the current NRC recommendations for 

Holstein cows may not satisfy, especially since dietary mineral supplements may not 

be absorbed properly due to interactions with other nutrients at the ruminal level 

(Underwood and Suttle, 1999) or due to modifications in the rumen, while antagonists 

located in drinking water may also have a negative effect on the efficiency of trace 

minerals absorption from the digestive tract (Spears, 2003). Therefore, systemic trace 

mineral supplemented cows might have experienced immunosuppression caused by 



193 

 

the trace mineral deficiencies in a lesser extent (Shankar and Prasad, 1998), and this 

immune response increase might have been sufficient to reduce the presence in the 

uterine lumen of bacteria that can be detrimental to uterine health and reproductive 

performance. (Harrison et al., 1984) reported that selenium supplementation reduced 

metritis incidence in dairy cows. 

CONCLUSION 

In conclusion, metagenomic pyrosequencing of the 16S rRNA genes came to 

confirm the importance of known pathogens associated with uterine health and 

reproductive performance, such as Fusobacterium spp., Trueperella spp., Ureaplasma 

spp., Prevotella spp. and Bacteroides spp. Additional information regarding other 

pathogens potentially associated with uterine health and reproductive performance, 

such as Odoribacter spp., Peptoniphillus spp. and Helcococcus spp was revealed. 

Finally, systemic trace mineral supplementation had an impact on the microbiota 

profile of dairy cows; decreasing the incidence of some genera associated with uterine 

infection or reproductive failure. 
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ABSTRACT 

Here, we report the complete genome sequence of Trueperella pyogenes 

TP6375, a strain isolated from the uterus of a dairy cow affected with metritis. The 

complete circular genome is 2,338,390 bp and contains several genes needed for 

pathogenicity. 

GENOME ANNOUNCEMENT 

Trueperella pyogenes, a Gram positive, non-motile, non-sporeforming, short, 

rod-shaped bacterium (Jost and Billington, 2005), is a common inhabitant of 

urogenital, gastrointestinal, and upper respiratory tracts of many animal species 

(Hagan et al., 1988; Narayanan et al., 1998b; Carter et al., 2004). However, a physical 

or microbial insult to the host can lead to a variety of suppurative T. pyogenes 

infections, such as mastitis and uterine diseases in dairy cows (Zastempowska and 

Lassa, 2012; Bicalho et al., 2012), liver abscesses in feedlot cattle (Narayanan et al., 

1998a) and high producing dairy cows (Dore et al., 2007), pneumonia in pigs (Buddle 

and O'Hara, 2005), and abscesses in various species of wildlife such as musk deer 

(Zhao et al., 2013). Infections caused by T. pyogenes are uncommon in humans and 

are usually linked to occupational exposure, because it is not part of the human normal 

flora (Gahrn-Hansen and Frederiksen, 1992). T. pyogenes can grow under aerobic or 

strictly anaerobic conditions, but it optimally grows in a CO2-enriched (7% CO2) 

atmosphere (Jost and Billington, 2005) 

T. pyogenes is equipped with several known and putative virulence factors that 

are important for its pathogenic potential. Its primary virulence factor, pyolysin, is a 
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potent cholesterol-dependent cytolysin and is associated with the tissue damage 

caused by T. pyogenes infection (Jost and Billington, 2005; Amos et al., 2014). T. 

pyogenes also expresses a number of surface-exposed proteins, such as fimbriae, 

neuraminidases, and extracellular matrix-binding proteins, which are involved in 

adherence and mucosal colonization (Jost and Billington, 2005; Pietrocola et al., 2007; 

Bicalho et al., 2012). 

Here, we report the complete chromosome sequence of Trueperella pyogenes 

TP6375. The strain was isolated from the uterus of a dairy cow affected with metritis 

and was subjected to whole-genome sequencing. The genomic DNA was extracted 

from an overnight culture using a PowerSoil® DNA Isolation Kit, following the 

manufacture’s instructions. A library for sequencing was prepared with 2 µg of the 

extracted genomic DNA using a TruSeq DNA PCR-Free LT sample preparation kit 

(Illumina), and paired-end sequencing was performed using the MiSeq reagent kit 

version 3 (600-cycles) using the Illumina MiSeq platform. Sequences were de novo 

assembled using the DNAStar SeqMan NGen (version 11.2.1.25) assembler. Genome 

annotation was done by the NCBI Prokaryotic Genome Annotation Pipeline.  

The complete circular genome is 2,338,390 bp long, with a G+C content of 

59.5% and has 2,082 predicted genes; of those genes, 1,984 were coding sequences 

(CDS), 45 are pseudogenes, 1 is a clustered regularly interspaced short palindromic 

repeat (CRISPR) array, 6 are rRNAs, 46 are tRNAs, 1 is a noncoding RNA (ncRNA), 

and 15 are frameshifted genes. The genome encodes several known and putative 

virulence factors, including adhesion factors (1 collagen adhesion and 4 fimbrial 

proteins), and toxins (pyolysin, cytotoxin, and one other toxin). The complete genome 
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presented here will serve as a platform to identify new genes that may contribute to 

pathogenicity, will advance our knowledge regarding the evolution, metabolism, and 

antibiotic resistance of this strain, and will serve as a template for future 

transcriptomic work. 

Nucleotide sequence accession  number. The annotated chromosome sequence of 

Trueperella pyogenes sequence of T. pyogenes strain TP6375 has been deposited in 

Genbank under the accession no. CP007519. 
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CHAPTER 9: Subcutaneous immunization with inactivated bacterial components and 

purified protein of Escherichia coli, Fusobacterium necrophorum and Trueperella 

pyogenes prevents puerperal metritis in Holstein dairy cows* 
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ABSTRACT 

In this study we evaluate the efficacy of five vaccine formulations containing 

different combinations of proteins (FimH; leukotoxin, LKT; and pyolysin, PLO) 

and/or inactivated whole cells (Escherichia coli, Fusobacterium necrophorum, and 

Trueperella pyogenes) in preventing postpartum uterine diseases. Inactivated whole 

cells were produced using two genetically distinct strains of each bacterial species (E. 

coli, F. necrophorum, and T. pyogenes). FimH and PLO subunits were produced using 

recombinant protein expression, and LKT was recovered from culturing a wild F. 

necrophorum strain. Three subcutaneous vaccines were formulated: Vaccine 1 was 

composed of inactivated bacterial whole cells and proteins; Vaccine 2 was composed 

of proteins only; and Vaccine 3 was composed of inactivated bacterial whole cells 

only. Two intravaginal vaccines were formulated: Vaccine 4 was composed of 

inactivated bacterial whole cells and proteins; and Vaccine 5 was composed of PLO 

and LKT. To evaluate vaccine efficacy, a randomized clinical trial was conducted at a 

commercial dairy farm; 371 spring heifers were allocated randomly into one of six 

different treatments groups: control, Vaccine 1, Vaccine 2, Vaccine 3, Vaccine 4 and 

Vaccine 5. Late pregnant heifers assigned to one of the vaccine groups were each 

vaccinated twice: at 230 and 260 days of pregnancy. When vaccines were evaluated 

grouped as subcutaneous and intravaginal, the subcutaneous ones were found to 

significantly reduce the incidence of puerperal metritis. Additionally, subcutaneous 

vaccination significantly reduced rectal temperature at 6 ± 1 days in milk. 

Reproduction was improved for cows that received subcutaneous vaccines. In general, 

vaccination induced a significant increase in serum IgG titers against all antigens, with 
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subcutaneous vaccination again being more effective. In conclusion, subcutaneous 

vaccination with inactivated bacterial components and/or protein subunits of E. coli, 

F. necrophorum and T. pyogenes can prevent puerperal metritis during the first 

lactation of dairy cows, leading to improved reproduction. 

INTRODUCTION 

Postpartum uterine diseases of dairy cows compromise animal welfare and 

may result in early removal from the herd or impaired reproductive performance. 

Puerperal metritis is defined by an abnormally enlarged uterus and a fetid, watery, red-

brown uterine discharge associated with signs of systemic illness (decreased milk 

yield, dullness, or other signs of toxemia) and temperature >39.5°C within 21 d after 

parturition. Endometritis refers to inflammation of the uterus without systemic illness, 

happening later than 21 d postpartum (Sheldon et al., 2006). In North America, 

metritis affects 10% to 20% of cows (LeBlanc et al., 2011), whereas the incidence of 

endometritis is approximately 28%, ranging from 5.3% to 52.6% (Dubuc et al., 2010a; 

Cheong et al., 2012). Puerperal metritis is commonly treated with antibiotics like 

penicillin or third-generation cephalosporins. However, antibiotic resistance 

worldwide is recognized already as a top public health challenge facing the 21st 

century, and thus there is growing concern regarding the potential impact of extensive 

use of antibiotics in food animals, including later-generation cephalosporins (Dolejska 

et al., 2011; Aust et al., 2012). Overton and Fetrow (2008) reported the cost of each 

case of metritis to be approximately US$329-386, due to antibiotic treatment and the 

detrimental effects of metritis on reproductive performance, milk production, and 

survivability (Overton and Fetrow, 2008). 
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An efficacious vaccine against uterine diseases will have a significant positive 

impact on the dairy industry, limiting the use of antibiotics, and decreasing economic 

losses due to these disorders. Owing to the multifactorial nature of puerperal metritis 

and endometritis, a vaccine should likely be multivalent, including antigens from the 

most important etiological agents of uterine infections. 

Escherichia coli, Trueperella pyogenes and Fusobacterium necrophorum are 

the primary bacterial causes of uterine diseases (Miller et al., 2007; Bicalho et al., 

2010; Santos et al., 2011). In the first days postpartum, E. coli is the predominant 

bacteria in the infected uterus, and is highly associated with uterine inflammation and 

impaired reproductive performance (Bondurant, 1999; Bicalho et al., 2012; Machado 

et al., 2012a). This early uterine contamination with E. coli leads to subsequent 

infection by F. necrophorum and T. pyogenes at 7 and >25 days postpartum, 

respectively (Dohmen et al., 2000; Bicalho et al., 2012), which are associated with 

both metritis (Santos et al., 2011; Bicalho et al., 2012; Machado et al., 2012a) and 

endometritis (Williams et al., 2005; Machado et al., 2012c). 

Recently, two studies reported that FimH, an E. coli type 1 pilus adhesive 

protein that plays a critical role in adhesion to mannosides (Krogfelt et al., 1990) and 

colonization of epithelial surfaces (Mooi and de Graaf, 1985), is an important 

virulence factor that enables intrauterine E. coli to colonize the endometrium and 

initiate the uterine infection process (Bicalho et al., 2010; Sheldon et al., 2010). E. coli 

strains expressing type 1 pili containing FimH are the most important cause of urinary 

tract infection (UTI) in humans (Kaper et al., 2004). Immunization against FimH 

prevented E. coli colonization of the bladder mucosa in mice (Langermann et al., 
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1997). Additionally, the prevalence of liver abscesses, caused by F. necrophorum and 

T. pyogenes (Nagaraja and Lechtenberg, 2007), was reduced successfully with a single 

dose of a vaccine containing inactivated F. necrophorum leukotoxin (LKT) and T. 

pyogenes pyolysin (PLO) (Jones et al., 2004). Therefore, pre-partum immunization of 

cows with FimH, LKT and PLO may also reduce potentially the incidence of uterine 

diseases in dairy cattle. 

Both intravaginal and systemic immunization against FimH, LKT, PLO, and 

relevant isolates of E. coli, F. necrophorum and T. pyogenes appear to be interesting 

strategies to successfully prevent bovine uterine diseases. Intravaginal immunization 

with a whole-cell vaccine has been shown to be very promising in the prevention of 

human urinary tract infection (UTI) (Uehling et al., 1994; Uehling et al., 2003), 

increasing total vaginal and urinary IgG and IgA (Uehling et al., 1994), and decreasing 

the risk of UTI in women (Uehling et al., 2003). On the other hand, results from other 

studies suggest that a systemic antibody response has a key role in local 

immunological protection in the bovine reproductive tract (Corbeil et al., 1974; Butt et 

al., 1993), because most of the bovine intrauterine immunoglobulin is serum derived 

(Butt et al., 1993), and opsonic activity of cervicovaginal mucus from cows 

immunized systemically was higher than from cows immunized intravaginally 

(Corbeil et al., 1974). 

Our hypothesis was that pre-partum immunization against relevant antigens for 

postpartum uterine diseases would prevent the occurrence of puerperal metritis and 

endometritis. For this purpose, we formulated 5 different vaccines (3 subcutaneous 

and 2 intravaginal) containing different combinations of proteins (FimH, LKT, PLO) 
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and/or inactivated whole cells (E. coli, F. necrophorum and T. pyogenes). We report 

here that subcutaneous immunization effectively reduced the incidence of puerperal 

metritis, leading to enhanced reproductive performance. 

MATERIAL AND METHODS 

Ethics statement 

 The field trial was conducted in a commercial dairy farm located near Ithaca, 

NY. This farm was selected because of its long working relationship with the 

Ambulatory and Production Medicine Clinic at Cornell University, and the trial was 

authorized by the farm owner, who was aware of all procedures. The research protocol 

was reviewed and approved by the Institutional Animal Care and Use Committee of 

Cornell University (Protocol number: 2011-0111). 

Inactivated bacterial components 

E. coli strains 4612-2 and 12714-2 were selected because they possess 

virulence factors found to be associated with the occurrence of metritis (Bicalho et al., 

2010). Each strain possess FimH and at least one of astA, cdt, kpsII, ibeA, and hly, 

which are virulence factors common to extraintestinal and enteroaggregative E. coli. 

Strains were grown aerobically on Luria-Bertani (LB) broth (Sigma-Aldrich) at 37°C. 

They were inoculated with 1% of an overnight culture and grown in 800 ml of 

medium, with agitation (150 rpm). For strain 12714-2, cells were harvested at 4 h, 

with an OD600 of 0.432 and 1.0 × 10
9
 CFU/ml; for strain 4612-2, cells were harvested 

at 3.5 h, OD600 of 0.473 and 1.2 × 10
9
 CFU/ml. The cultures were inactivated with 

0.1% formalin for 12 h, and the cells were concentrated 4-fold (final volume of 200 
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ml), so 0.25 ml of each strain would be present in the final vaccine formulation, with 

approximately 10
9
 CFU per dose. 

Trueperella pyogenes strains 10481-8 and 6375-1 were isolated from the 

uterine lumen of dairy cows. Strains were grown on VersaTREK REDOX 1 (Trek 

Diagnostic Systems, OH) in 7% CO2 at 37°C. Cells were harvested at 48 h, with 1.3 × 

10
8
 and 0.5 × 10

8
 CFU/ml for strains 10481-8 and 6375-1, respectively. The cultures 

were inactivated with 0.1% formalin for 12 h, and 1 ml of each strain was added to the 

final vaccine formulation, with approximately 10
8
 CFU per dose. 

Fusobacterium necrophorum strains 5663 and 513 were isolated from the 

uterine lumen of dairy cows. Strains were grown on VersaTREK REDOX 2 (Trek 

Diagnostic Systems, OH) anaerobically at 37°C. All cultures were inactivated with 

0.1% formalin for 12 h before the cells were concentrated. Cells were harvested at 12 

h, with 1.6 × 10
12

 and 1.8 × 10
12

 CFU/ml for strains 513 and 5663, respectively. The 

cultures were inactivated with 0.1% formalin for 12 h, and 0.01 ml of each strain was 

added to the final vaccine formulation, with approximately 10
10

 CFU per dose. 

Recombinant protein expression and purification 

 To generate the expression plasmids encoding PLO, The PLO gene, lacking 

the coding region for the predicted signal sequence, was amplified from T. pyogenes 

ATCC49698 genomic DNA by PCR with a 5’ primer containing an XhoI site (5’-

ACAGCATCCTCGAGTGCCGGATTGGGAAAC-3’) and a 3’ primer containing an 

EcoRI site (5’-TGGAATTCCCTAGGATTTGACATTGT-3’) (Billington et al., 1997). 

The 1.5-kb amplicon was digested with XhoI-EcoRI and cloned into XhoI-EcoRI-

digested pTrcHisB (Invitrogen, NY). 
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 The portion of the FimH gene encoding the signal peptide and the first 156 

amino acids (the mannose-binding lectin domain, LD, (Choudhury et al., 1999)) of the 

mature protein was amplified from plasmid pET-22b(+)-F3-LD (Aprikian et al., 

2007), provided by Dr. Evgeni Sokurenko, University of Washington, WA. The 5’ 

primer used contained a BamHI site (5’-

CGCGGATCCATGAAACGTGTTATTACCCTG-3’) and the 3’ primer contained a 

HindIII site (5’-

CCCAAGCTTCTAGTGATGGTGATGGTGATGGCCGCCAGTAGGCACCAC-3’) 

and a six-histidine tag following the authentic sequence of the protein. The amplicon, 

approximately 0.6 kb, was digested with BamHI-HindIII and cloned into BamHI-

HindIII-digested pTrcHisA (Invitrogen). 

Bacteria were harvested after 5 hours of induction and cells were disrupted by 

two passages through a French pressure cell (Amicon) at 20,000 psi (138 Mpa), and 

the insoluble material was removed by centrifugation at 12,000 × g for 30 min. His-

tagged recombinant proteins were purified using TALON metal affinity resin 

(Clontech, CA) according to the manufacturer’s instructions. Isolated pure protein 

fraction was concentrated using a fiber concentration/desalting system using a filter 

with a molecular weight exclusion of 10 kDa (Amicon ultra 100K, Millipore, MA) and  

subjected to SDS-PAGE (15%) using the Mini-PROTEAN Tetra Cell electrophoresis 

system (Bio-Rad, CA), following standard protocols. Protein concentration was 

determined by the Bradford method (Bradford, 1976). 

A total of 30 liters of culture was grown to produce a total of 321.24 mg of 

His-PLO. The final volume of His-PLO was 41 ml and the final concentration was 
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7.83 mg/ml. A total of 92 liters of culture was grown to produce 216.34 mg of FimH1-

156-His. The final volume of FimH1-156-His was 172.5 ml and the concentration was 

1.25 mg/ml. 

Culture concentrated supernatant and affinity purification of Leukotoxin 

F. necrophorum strain 6586 was grown in VersaTREK REDOX 2 for 12 h 

anaerobically at 37°C. The culture supernatant was concentrated at 4
o
C in a hollow 

fiber concentration/desalting system using a filter with a molecular weight exclusion 

of 100 kDa (Amicon ultra 100K, Millipore, MA). Affinity purification of LKT was 

performed to evaluate the concentration of LKT in the F. necrophorum 6586 culture 

concentrated supernatant, as described in (Tan et al., 1994b). Briefly, purified mAb 

F7B10 (3.5 mg) was coupled to 5 ml of Affi-Gel 10 affinity support (Bio-Rad, CA) 

and packed in a 1 × 20 cm column. The F. necrophorum 6586 culture concentrated 

supernatant was applied to the column, and non-binding materials were removed by 

passing 15 mL of 0.5 M NaCl in PBS through the column. Purified LKT was eluted 

with 0.2 M glycine-HCl (pH 3.0), immediately neutralized with NaOH, and washed 

and concentrated using an Amicon ultra 10K. Purity of the toxin was determined by 

SDS-PAGE. 

A total of 10 L of F. necrophorum 6586 was grown to produce 220 mL of 

concentrated supernatant containing 0.186 mg/ml of LKT. The presence and 

concentration of LKT in the concentrated supernatant was determined by affinity 

purification. 
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Vaccine formulation 

Five different vaccine formulations were made: three subcutaneous vaccines 

(Vaccines 1-3) and two intravaginal vaccines (Vaccine 4-5). Vaccine 1 was composed 

of inactivated bacterial whole cells (E. coli, T. pyogenes and F. necrophorum) and 

proteins (FimH, PLO and LKT); Vaccine 2 was composed only of proteins (FimH, 

PLO and LKT); and Vaccine 3 was composed only of inactivated bacterial whole cells 

(E. coli, T. pyogenes and F. necrophorum). Vaccine 4 was composed of inactivated 

bacterial whole cells (E. coli, T. pyogenes and F. necrophorum) and proteins (FimH, 

PLO and LKT), and Vaccine 5 was composed only of proteins (PLO and LKT). The 

adjuvant for the subcutaneous vaccines was aluminum hydroxide (Rehydragel HPA, 

General Chemical, NJ). The adjuvant volume used in the subcutaneous vaccines was 

25% of the final vaccine volume. Aluminum hydroxide was added to each component 

separately, and it was gently stirred overnight. The adjuvant for the intravaginal 

vaccines was 20 µg/dose of Cholera toxin (List Biological Laboratories, Inc., CA). 

All vaccine components were tested for sterility before the final vaccine was 

assembled and bottled. Sterility was evaluated by culturing 100 µl of vaccine 

component aerobically in LB broth, aerobically in 7% CO2 on VersaTREK REDOX 1 

and anaerobically on VersaTREK REDOX 2 at 37°C for 48 h. Components were 

considered contaminated if there was bacterial growth in any of the three culture 

media by the end of the incubation period. 

Assessment of endotoxin levels was performed using the LAL Endpoint Assay 

(Hycult Biotech, The Netherlands) following the manufacturer’s instructions. All 

vaccine formulations had endotoxin levels below 10
5
 EU/ml. 
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Farm and management 

Holstein pregnant heifers were enrolled from May 24, 2012 to August 16, 

2012; the follow-up period continued until April 30, 2013. The farm milked 3,300 

Holstein cows 3 times daily in a double 52-stall parallel milking parlor. All animals 

were subjected to the same immunization protocol prior and during the study period. 

At three months of age, all animals we immunized with Vista 5 SQ (Merck Animal 

Health, NJ), Covexin (Merck Animal Health, NJ), and Piliguard Pinkeye Triview 

(Merck Animal Health, NJ). They received a booster of each vaccine 2 weeks later. At 

11 months, they received another dose of Vista 5 SQ. Furthermore, at 200 days of 

pregnancy, they were immunized with Triangle 9 (Boehringer Ingelheim Vetmedica, 

Inc., MO), and Covexin. At 250 and 264 they were immunized with J-Vac (Merial, 

GA), and Scourguard (Zoetis, NJ). Finally, at 35 DIM, they were immunized with 

Vista 5 SQ and J-Vac, and at the first pregnancy diagnosis date, they received another 

dose of J-Vac. 

The heifers were housed in freestall barns with concrete stalls covered with 

mattresses and bedded with manure solids. All cows were offered a total mixed ration 

(TMR) consisting of approximately 55% forage (corn silage, haylage, and wheat 

straw) and 45% concentrate (corn meal, soybean meal, canola, cottonseed, and citrus 

pulp) on a dry matter basis of the diet. The diet was formulated to meet or exceed the 

NRC nutrient requirements for lactating Holstein cows weighing 650 kg and 

producing 45 kg of 3.5% fat corrected milk. The reproductive management utilized a 

combination of Presynch (Moreira et al., 2001), Ovsynch (Pursley et al., 1995), 

Resynch (Fricke et al., 2003), and detection of estrus, with 25% to 30% of cows bred 



214 

 

via timed artificial insemination and the remainder bred after detection of estrus solely 

by activity monitors (ALPRO; DeLaval, Kansas City, MO). 

Treatment groups and Case definition 

 Prior to commencement of the study, statistical power and sample size 

calculations were performed. Based on the farm’s average metritis incidence among 

primiparous cows, we assumed that the puerperal metritis incidence in the control 

group would be close to 30%. Considering a statistical power of 0.8, a P-value of 0.05, 

and that vaccination would decrease the puerperal metritis incidence to 10%, a sample 

size of 100 and 50 cows for control and treatment group, respectively, was considered 

sufficient. 

Late pregnant heifers were enrolled on a weekly basis; inclusion criteria for 

enrollment were: 230 ± 3 days of pregnancy, 629 to 734 days of age and body 

condition score (BCS) greater than 2.5. Heifers that were visually lame were not 

included in the study. A total randomized field trial study design was used; heifers 

were randomly allocated into one of six different treatment groups using the random 

number function of Excel (Microsoft, Redmond, MA). A total of 371 pregnant heifers 

were enrolled in the study; 105, 54, 53, 53, 53, and 53 heifers were randomly allocated 

to the control, Vaccine 1, Vaccine 2, Vaccine 3, Vaccine 4 and Vaccine 5 groups, 

respectively. Heifers assigned to the vaccine groups received two doses of vaccine: at 

230 ± 3 days of pregnancy and 260 ± 3 days of pregnancy. Heifers assigned to the 

control group did not receive a placebo. 

 Information regarding ease of calving was gathered by farm workers, and a 5-

point scale was used: EASE 1 was defined as calvings that occurred easily without 
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assistance; EASE 2 was defined as unassisted, but more difficult than EASE 1, 

calvings; EASE 3 was defined as calvings requiring easy assistance from a person; 

EASE 4 was defined as vaginally delivered calvings requiring the calf position to be 

corrected or hard traction to be applied to deliver the calf; and EASE 5 was defined as 

calvings requiring fetotomy or caesarian section. Dystocia was defined as calving with 

EASE greater than 2. 

 Body condition scores were determined for all study cows at 230 ± 3 days of 

gestation, 260 ± 3 days of gestation, 2 ± 1 days in milk (DIM), 6 ± 1 DIM and at 35 ± 

3 DIM by a single investigator blinded to treatment group using a five-point scale with 

a quarter-point system as described by (Edmonson et al., 1989). To obtain serum 

samples, blood was collected from a coccygeal vein/artery using a Vacutainer tube 

without anticoagulant and a 20 gauge × 2.54 cm Vacutainer needle (Becton, Dickinson 

and Company, Franklin Lakes, NJ). All blood samples were transported to the 

laboratory on ice and spun in a centrifuge at 2,000 × g for 15 min at 4
o
C; serum was 

harvested and frozen at - 80
o
C. Serum samples were collected at 230 ± 3 days of 

gestation, 260 ± 3 days of gestation, 1 ± 2 DIM, 6 ±1 DIM and 35 ± 3 DIM. Rectal 

temperature was measured at 6 ± 1 DIM using a digital thermometer (GLA M750, 

GLA Agriculture Electronics, CA) equipped with an angle probe (11.5 cm, 42
o
). 

Cervical swabs were collected at 2 ± 1 DIM and 6 ± 1 DIM; cows were 

restrained and the perineum area was cleansed and disinfected with 70% ethanol 

solution. The swab was manipulated inside the cervix and exposed to uterine 

secretion. The swabs were kept inside a sterile vial at 4°C until processed in the 

laboratory. Swabs collected at 2 ± 1 DIM were cultured aerobically on Chromagar 
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(Difco) at 37
o
C and E. coli colonies were distinguished by a blue color; swabs 

collected at 6 ± 1 DIM were cultured anaerobically on LKV agar (Anaerobe Systems) 

and F. necrophorum colonies were distinguished by morphology. 

Retained placenta, puerperal metritis, ketosis, and clinical mastitis were 

diagnosed and treated by trained farm personnel who followed a specific diagnostic 

protocol designed by veterinarians from the Ambulatory and Production Medicine 

Clinic, Cornell University. Farm personnel were blinded to the treatments. 

After parturition, cows were kept in the same pen until around 20 DIM. This 

pen was monitored by farm employees, and cows were submitted to a complete 

physical exam if they were showing signs of dullness and depression; cows with fetid, 

watery, red-brown uterine discharge accompanied with fever were diagnosed with 

puerperal metritis and treated by farm employees. Retained placenta was defined as a 

condition where cows failed to release their fetal membranes within 24 h of calving 

(Kelton et al., 1998). Puerperal metritis diagnosis by the research team was performed 

at 6 ± 1 DIM. Puerperal metritis was defined as the presence of fetid, watery, red-

brown uterine discharge and rectal temperature greater than 39.5
o
C (Sheldon et al., 

2006). Information regarding puerperal metritis diagnosis was not exchanged between 

farm personnel and the research team. Data regarding health traits and reproduction 

were extracted from the farm’s DairyComp 305 database (Valley Agricultural 

Software, Tulare, CA). 

 Clinical endometritis diagnosis was evaluated at 35 ± 3 DIM by visual 

inspection of a uterine lavage sample for the presence of purulent secretion as 

described (Machado et al., 2012b). To obtain uterine lavage samples, the cows were 
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restrained, the perineum area was cleansed and disinfected with 70% ethanol, and a 

plastic infusion pipette was introduced into the cranial vagina and manipulated 

through the cervix into the uterus. A total of 20 ml of sterile saline solution was 

infused into the uterus and agitated gently, and a sample of the fluid was aspirated. 

The volume of recovered fluid ranged from 5 to 15 ml. All samples were visually 

scored by one investigator, who assessed the presence of a purulent or mucopurulent 

secretion in the uterine lavage sample. The score ranged from 0 to 2, with 0 indicating 

absence of a purulent or mucopurulent secretion, 1 indicating a bloody but not 

purulent sample, and 2 indicating the presence of pus in the lavage sample. Cows with 

a score of 2 were considered as diagnosed with clinical endometritis. Samples were 

kept on ice until they were cultured on Mueller–Hinton agar plates (BBL™) 

supplemented with 5% defibrinated sheep blood for 48 h aerobically in 5% CO2 at 

38°C. Typical T. pyogenes colonies were distinguished by colony morphology, post-

incubation hemolysis, and characteristic appearance on Gram's stain. 

Enzyme-linked immunosorbant assays (ELISAs) 

Portions of the antigens produced for preparation of vaccines were used in 

ELISAs. E. coli strains were pooled together as a single antigen. The same was done 

for F. necrophorum and T. pyogenes strains. 

The selected ELISA protocols were as follows. ELISA micro-titer plates 

(Greiner Bio-One, Germany) were coated with either 0.295 µg/ml of FimH1-156-His, 

0.036 µg/ml of His-PLO, 0.186 µg/ml of LKT, 10
7
 cells/ml of E. coli, 10

10
 cells/ml of 

F. necrophorum, and 10
7
 cells/ml of T. pyogenes for anti-FimH, anti-LKT, anti-PLO, 

anti-E. coli, anti-F. necrophorum, and anti-T. pyogenes IgG assays, respectively. 
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Serum samples were diluted in proportions of 1:1000, 1:5000, 1:5000, 1:150, 1:500, 

and 1:150 for anti-FimH, anti-LKT, anti-PLO, anti-E. coli, anti-F. necrophorum, and 

anti-T. pyogenes IgG assays, respectively. The optimal antigen and antibody 

concentrations were determined by performing the quantitative ELISA protocol with 

varying concentrations. 

Statistical analyses 

 Descriptive statistics analysis was undertaken in SAS using the FREQ 

procedure (SAS Institute INC., Cary, NC). To assess the effect of vaccination on the 

odds of RDPMET, FDPMET, endometritis, E. coli, F. necrophorum, and T. pyogenes 

culture outcomes, logistic regression models were fitted in SAS using the Logistic 

procedure. Contrasts were performed to compare the effect of subcutaneous vaccines 

composed by proteins (Vaccine 1 and Vaccine 2), and inactivated whole cells 

(Vaccine 1 and Vaccine 3) versus control. The effect of subcutaneous and intravaginal 

vaccines on reproduction was analyzed by Cox’s proportional hazard using the 

proportional hazard regression procedure in SAS. To illustrate the effect of 

vaccination on reproduction, Kaplan-Meier survival analysis was performed using 

Medcalc version 10.4.0.0 (Mariakerke, Belgium). To assess the effect of vaccination 

on rectal temperature at 6 ± 1 DIM, mixed general linear models were fitted to the data 

using JMP PRO9. To assess the effect of vaccination on ELISA detecting serum IgG 

against vaccine antigens, mixed general linear models were fitted to the data using 

JMP PRO9. For all models described above, independent variables and their 

respective interactions were kept when P < 0.10 in an attempt to reduce the type II 

error risk while maintaining a stringent type I error risk of 5%. The variable treatment 
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was forced into all statistical models even in the absence of statistical significance. 

Age in days at enrollment, BCS at enrollment, and dystocia were offered to all models. 

RESULTS 

Descriptive statistics 

Descriptive statistics regarding average age at enrollment (days), average BCS 

at enrollment and at 6 ± 1 days postpartum, average gestation length at enrollment, 

and total number of animals enrolled are presented in Table 9.1. Only pregnant heifers 

were enrolled in this study, allowing us to have as little variation between animals as 

possible. 

Effect of vaccination on incidence of researcher diagnosed puerperal metritis 

(RDPMET), farm diagnosed puerperal metritis (FDPMET), and rectal temperature 

at 6 ± 1 DIM 

The effect of vaccination on the incidence of RDPMET is presented in Table 

9.2. When evaluated separately, there was no difference between incidence of 

RDPMET between treatment groups (P-value = 0.153). However, when vaccines were 

evaluated grouped as either subcutaneous or intravaginal vaccines, the subcutaneous 

vaccines were associated with a significant reduction in the incidence of RDPMET (P-

value = 0.018). Additionally, contrasts showed a significant reduction on the incidence 

of RDPMET for cows subcutaneously immunized with inactivated whole cells 

(Vaccine 1 & 3, P-value = 0.035). 

 The effect of vaccination on incidence of FDPMET is present in Table 

9.3. When the vaccines were evaluated separately, the incidence of FDPMET tended 

to be different among the treatments (P-value = 0.056). When compared to control, 
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Vaccine 1 reduced the incidence of FDPMET (P-value = 0.019). Additionally, when 

the vaccines were evaluated grouped as subcutaneous or intravaginal vaccines, the 

subcutaneous vaccines were associated with a significantly lower odds of FDPMET 

(P-value = 0.034). Furthermore, contrasts showed a significant reduction on the 

incidence of RDPMET for cows subcutaneously immunized with proteins (Vaccine 1 

& 2, P-value = 0.010), and inactivated whole cells (Vaccine 1 & 3, P-value = 0.026). 
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Table 9.1: Descriptive statistics of treatment groups 

 Control Vaccine 1 Vaccine 2 Vaccine 3 Vaccine 4 Vaccine 5 

Average age (days) at enrollment (± SE) 664 (3.72) 655 (5.2) 665 (5.24) 669 (5.24) 666 (5.24) 668 (5.24) 

Average body condition score at enrollment 

(± SE) 
3.71 (0.03) 

3.76 

(0.05) 
3.74 (0.05) 3.65 (0.05) 3.72 (0.05) 3.66 (0.05) 

Average body condition score at 6 ± 1 (± 

SE) 
3.5 (0.02) 

3.49 

(0.03) 
3.52 (0.03) 3.49 (0.03) 3.44 (0.03) 3.50 (0.03) 

Average days of gestation at enrollment (± 

SE) 
230 (0.21) 

230 

(0.29) 
230 (0.29) 230 (0.29) 230 (0.29) 230 (0.29) 

Total enrolled animals (%)  105 (28.3) 54 (14.5) 53 (14.3) 53 (14.3) 53 (14.3) 53 (14.3) 
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Table 9.2: Effects of different vaccine formulations on incidence of researcher 

diagnosed puerperal metritis. Vaccines were evaluated separately in Model 1, 

and grouped in Model 2. Age in days, dystocia, and body condition score at 

enrollment were offered to both models 

 

 

 

 

 

 

 

 

 

 

 

 

 

Model and 

variables 

Puerperal metritis 

incidence (%) 

Coefficients 

(SE) 

Odds ratio  

(95% CI) 

Individual 

P-value 

Overall 

P-value 

Model 1      

Control 12.1 Ref. baseline   

Vaccine 1 6.2 -0.14 (0.56) 0.44 (0.11 – 1.67) 0.226  

Vaccine 2 4.1 -0.73 (0.65) 0.24 (0.05 – 1.17) 0.078  

Vaccine 3 2.0 -1.32 (0.87) 0.13 (0.02 – 1.08) 0.060 0.153 

Vaccine 4 13.5 0.68 (0.43) 0.99 (0.35 – 2.78) 0.989  

Vaccine 5 14.0 0.80 (0.43) 1.12 (0.40 – 3.12) 0.832  

Intercept  -2.15 (0.27)    

Model 2      

Control 12.1 Ref. baseline   

Subcutaneous 4.1 -0.90 (0.32) 0.27 (0.09 – 0.75) 0.013 0.018 

Intravaginal 13.7 0.47 (0.26) 1.05 (0.45 – 2.46) 0.905  

Intercept  -1.88 (0.22)    

Contrasts      

Control 12.1 Ref. baseline   

Vaccine 1 & 2 5.1 -1.12 (0.57) 0.32 (0.10 – 1.01) 0.051  

Vaccine 1 & 3 4.1 -1.42 (0.67) 0.24 (0.06 – 0.91) 0.035  
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Table 9.3: Effects of different vaccine formulations on incidence of farm 

diagnosed puerperal metritis. Vaccines were evaluated separately in Model 1, 

and grouped in Model 2. Age in days, dystocia, and body condition score at 

enrollment were offered to both models 

 

The effect of vaccination on rectal temperature at 6 ± 1 DIM is presented in 

Figure 9.1. Rectal temperature was not statistically different among the treatment 

groups when the vaccines were evaluated separately (P-value = 0.14); rectal 

temperature was 38.96
o
C (SEM = 0.05), 38.79

o
C (SEM = 0.07), 38.75

o
C (SEM = 

0.07), 38.83
o
C (SEM = 0.07), 38.90

o
C (SEM = 0.07), and 38.87

o
C (SEM = 0.07) for 

control, Vaccine 1, Vaccine 2, Vaccine 3, Vaccine 4, and Vaccine 5 cows, 

respectively. However, rectal temperature was statistically different between the 

treatment groups when the vaccines were evaluated grouped as control, subcutaneous 

vaccines or intravaginal vaccines (P-value = 0.018); rectal temperature was 38.96
o
C 

(SEM = 0.05), 38.78
o
C (SEM = 0.04), and 38.89

o
C (SEM = 0.05) for control, 

subcutaneous vaccinated, and intravaginally vaccinated cows, respectively. 

Model and 

variables 

Puerperal metritis 

incidence (%) 

Coefficients 

(SE) 

Odds ratio  

(95% CI) 

Individual 

P-value 

Overall  

P-value 

Model 1      

Control 27.6 Ref. baseline   

Vaccine 1 11.1 -0.73 (0.38) 0.31 (0.12 – 0.82) 0.019  

Vaccine 2 17.0 -0.29 (0.33) 0.49 (0.21 – 1.14) 0.100  

Vaccine 3 20.7 -0.01 (0.31)- 0.65 (0.29 – 1.45) 0.297 0.056 

Vaccine 4 34.0 0.67 (0.28) 1.27 (0.62 – 2.62) 0.504  

Vaccine 5 19.2 -0.08 (0.32) 0.60 (0.27 – 1.37) 0.226  

Intercept  -1.06 (0.18)    

Model 2      

Control 27.6 Ref. baseline   

Subcutaneous 16.2 -0.46 (0.18) 0.48 (0.26 – 0.88) 0.018 0.034 

Intravaginal 26.7 0.18 (0.18) 0.91 (0.49 – 1.68) 0.766  

Intercept  -0.91 (0.17)    

Contrasts      

Control 27.6 Ref. baseline   

Vaccine 1 & 2 14.0 -0.93 (0.36) 0.39 (0.19 – 0.80) 0.010  

Vaccine 1 & 3 15.9 -0.35 (0.35) 0.45 (0.22 – 0.91) 0.026  
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Subcutaneous vaccination was associated with a significant reduction in rectal 

temperature at 6 ± 1 DIM. 

Effect of vaccination on incidence of endometritis and uterine secretion culture 

outcomes 

 Vaccines were not effective in preventing endometritis, when evaluated 

separately or when grouped as subcutaneous and intravaginal vaccines (P-value = 

0.99). Endometritis incidence was 8.6%, 7.9%, 12.1%, 7.5%, 9.1%, and 9.8% for 

control, vaccine 1, vaccine 2, vaccine 3, vaccine 4, and vaccine 5, respectively. The 

incidence of endometritis was 9.0% and 9.5% for subcutaneous and intravaginal 

vaccines, respectively. Additionally, there was no significant effect of vaccination on 

the likelihood of intrauterine bacterial contamination (Table 9.4). 

Effect of vaccination on reproduction 

 Cows that received subcutaneous vaccination were 1.36 times more likely to 

conceive when compared to control cows (P-value = 0.04, Figure 9.2). However, for 

cows that received intravaginal vaccines, the likelihood of conceiving was not 

statistically different from control cows (Hazard ratio = 1.12, P-value = 0.46). Age in 

days at enrollment and BCS at enrollment were retained in the model for this analysis 

(P-value = 0.02 and 0.01, respectively). 
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Figure 9.1: Effect of vaccination on rectal temperature at 6 ± 1 DIM. Vaccines 

were evaluated separately (A, P-value = 0.14), and grouped (B, P-value = 0.018). 

Standard errors of the means are represented by the error bars. 
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Table 9.4: Effects of different vaccine formulations on incidence of intrauterine 

Escherichia coli at 2 ± 1 DIM, Fusobacterium necrophorum at 6 ± 1 DIM and 

Trueperella pyogenes at 35 ± 3 DIM. Vaccines were evaluated separately in Model 

1, Model 3 and Model 5; and grouped in Model 2, Model 4 and Model 6. Age in 

days, dystocia, and body condition score at enrollment were offered to both 

models 

 

 

Model and variables 
Cows positive for intrauterine 

culture (%) 

Coefficients 

(SE) 
Odds ratio (95% CI) P-value 

Model 1 E. coli    

Control 55.0 Ref. baseline  

Vaccine 1 47.1 -0.01 (0.26) 0.73 (0.37 – 1.45)  

Vaccine 2 46.1 -0.09 (0.25) 0.67 (0.34 – 1.34)  

Vaccine 3 40.4 -0.36 (0.26) 0.52 (0.26 – 1.03) 0.57 

Vaccine 4 50.9 0.10 (0.25) 0.82 (0.42 – 1.61)  

Vaccine 5 50.0 0.05 (0.26) 0.78 (0.39 -1.55)  

Intercept  1.91 (1.14)   

Model 2 E. coli    

Control 55.0 Ref. baseline  

Subcutaneous 44.5 -0.23 (0.14) 0.63 (0.38 – 1.06) 0.21 

Intravaginal 50.5 -0.01 (0.46) 0.80 (0.46 – 1.40)  

Intercept  1.89 (1.13)   

Model 3 F. necrophorum    

Control 49.0 Ref. baseline  

Vaccine 1 36.0 -0.39 (0.26) 0.59 (0.29 – 1.18)  

Vaccine 2 48.0 0.11 (0.26) 0.96 (0.49 – 1.90)  

Vaccine 3 48.0 0.11 (0.26) 0.96 (0.49 – 1.90) 0.76 

Vaccine 4 47.2 0.07 (0.25) 0.93 (0.48 – 1.81)  

Vaccine 5 44.0 -0.05 (0.26) 0.82 (0.41 – 1.62)  

Intercept  -0.19 (0.11)   

Model 4 F. necrophorum    

Control 49.0 Ref. baseline  

Subcutaneous 44.0 -0.09 (0.14) 0.82 (0.49 – 1.36) 0.74 

Intravaginal 45.6 -0.02 (0.16) 0.87 (0.50 – 1.52)  

Intercept  -0.15 (0.11)   

Model 5 T. pyogenes    

Control 14.5 Ref. baseline  

Vaccine 1 5.3 -0.80 (0.63) 0.30 (0.06 – 1.46)  

Vaccine 2 21.2 0.77 (0.42) 1.44 (0.48 – 4.32)  

Vaccine 3 12.5 0.05 (0.46) 0.70 (0.21 – 2.30) 0.37 

Vaccine 4 12.1 0.06 (0.50) 0.70 (0.20 – 2.52)  

Vaccine 5 7.3 -0.49 (0.54) 0.41 (0.10 – 1.61)  

Intercept  -16.55 (5.48)   

Model 6 T. pyogenes    

Control 14.5 Ref. baseline  

Subcutaneous 12.6 0.01 (0.26) 0.74 (0.30 – 1.82) 0.50 

Intravaginal 9.5 -0.32 (0.31) 0.53 (0.19 – 1.53)  

Intercept  -16.66 (5.48)   
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Figure 9.2: Effect of subcutaneous and intravaginal vaccines on reproduction. 

The median calving-to-conception interval for subcutaneously vaccinated cows 

(inner interrupted line), intravaginally vaccinated cows (middle interrupted line), 

and control cows (solid line) was 94, 114, and 120 respectively. (P-value = 0.04). 

 

Serological responses to vaccination 

 The effect of vaccination on ELISA-detected serum IgG against several 

antigens is presented in Figure 9.3. Vaccine 1 and 2 increased serum IgG titers against 

E. coli, while cows from all other treatment groups did not respond to this antigen. 

Additionally, cows vaccinated with vaccines 1, 2, and 4 had increased IgG levels 

against to FimH. However, it seems that the animals naturally responded to LKT and 

F. necrophorum, because all animals have elevated IgG titers against these antigens 

after parturition. Cows vaccinated with vaccine 1 and 3 had increased IgG levels 

against T. pyogenes, while vaccine 1 and 2 had increased IgG titers against PLO. 
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Figure 9.3: Effect of vaccination on ELISA-detected serum IgG against E. coli 

(A), FimH (B), F. necrophorum (C), LKT (D), T. pyogenes (E), and PLO (F). X-

axis represents days relative to calving, while Y-axis represents OD650 of ELISA-

detected serum IgG against several antigens. Standard errors of the means are 

represented by the error bars. 
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DISCUSSION 

 We evaluated here the effects of 5 different vaccine formulations (3 

subcutaneous vaccines and 2 intravaginal vaccines) containing different combinations 

of proteins (FimH, LKT, PLO) and inactivated whole cells (E. coli, F. necrophorum 

and T. pyogenes) on the uterine health of dairy cows. We demonstrated that 

subcutaneous vaccination significantly decreased the incidence of puerperal metritis, 

whereas intravaginal vaccination was not effective. 

 Puerperal metritis is characterized by inflammation of the entire thickness of 

the uterine walls, and is associated with signs of systemic illness such as dullness, 

decreased milk yield and fever (Sheldon et al., 2006). The signs of puerperal metritis 

(presence of fetid, watery, red-brown uterine discharge and rectal temperature greater 

than 39.5
o
C) used for the diagnosis of metritis in this study is widely used by 

researchers and veterinarians. In a recent study, it was reported that there is a 

considerable inconsistency between observers to classify animals as healthy or 

metritic based on the assessment of vaginal discharge odor (Sannmann et al., 2013), 

suggesting that the classification of disease based on the signs used is prone to errors. 

However, we expect that errors occurred equally among all treatment groups. When 

diagnosed by our research group, puerperal metritis incidence was 12.1% and when 

diagnosed by farm workers it was 27.6%. This discrepancy can be attributed to the 

period during which the cows were monitored; whereas farm workers monitored the 

cows daily during their first 20 days after parturition, the research team examined the 

cows only at 6 ± 1 days after calving. Cows were examined at this time point because 

metritis peaks in the first 7 days after calving (LeBlanc, 2008). However, it is 
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important to highlight that, in general, the effect of vaccination on puerperal metritis 

was consistent between the research group’s and the farm workers’ diagnoses; 

subcutaneous vaccination significantly lowered the incidence of puerperal metritis, 

whereas intravaginal vaccine was not effective in preventing the disease. 

E. coli and F. necrophorum are gram-negative bacteria, characterized by the 

presence of lipopolysaccharide (LPS) in their outer membrane, and are known 

etiological agents of puerperal metritis; LPS is known to cause increased body 

temperature in cattle (Bannerman et al., 2003). Although vaccination did not 

significantly decrease the percentage of cows that were positive for intrauterine E. coli 

and F. necrophorum, subcutaneously vaccinated cows did have a lower rectal 

temperature at 6 ± 1 DIM. The differences of the rectal temperature between treatment 

groups was small; however, control cows had higher rectal temperature, suggesting 

that more cows in the control group were found with fever. This suggests that, even in 

the presence of bacteria in the uterus, immunized cows were less likely to develop 

systemic signs caused by LPS released from E. coli and F. necrophorum. It is known 

that reducing the bacterial load of E. coli decreases the severity of the disease 

(Sheldon et al., 2006); therefore, we can also speculate that immunization decreased 

the pathogen-load inside the uterus. However, further investigation is needed to 

address questions regarding the mechanisms of action of the vaccine. 

The relationship between poor immune status around calving and uterine 

diseases is already well established (Cai et al., 1994; Kimura et al., 2002; Kim et al., 

2005; Hammon et al., 2006; Galvao et al., 2010). Recruitment of polymorphonuclear 

cells (PMNs) to the endometrial surface and the uterine lumen is critical for the 
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immune defense of the uterus (Bondurant, 1999). A vaccine against uterine diseases 

would have great potential for enhancing the immune status around parturition, by 

inducing production of pathogen-specific immunoglobulins in bovine endometrial 

secretions, which would act by lysing bacteria, by serving as opsonins to enhance 

phagocytosis, and by stimulating the complement pathways (Singh et al., 2008). 

Although it was found that subcutaneous immunization effectively prevented 

puerperal metritis, we did not observe the same effect on endometritis. Metritis and 

endometritis appear to be linked uterine diseases; however, metritis is not necessary 

for the development of endometritis (Bondurant, 1999; Dubuc et al., 2010b). This 

finding suggests that immunization against the targeted, while important to prevent 

puerperal metritis, was not effective to decrease the incidence of endometritis. Further 

investigation is needed to evaluate if addition of others antigens to these vaccines 

would contribute to prevention of endometritis. A potential candidate would be the 

fimbriae subunit FimA; the gene FimA is highly prevalent in T. pyogenes isolated 

from the uterus of dairy cows (Santos et al., 2010), and it was associated with 

development of metritis (Santos et al., 2010; Bicalho et al., 2012) and endometritis 

(Bicalho et al., 2012). 

 Mucosal immune responses can be effectively induced by the administration of 

vaccines onto mucosal surfaces, whereas subcutaneous and intramuscular vaccines 

typically fail to induce mucosal immunity, and are less effective in preventing 

infection of mucosal surfaces (Neutra and Kozlowski, 2006). Promising results 

regarding prevention of human UTI by intravaginal immunization with a whole-cell 

vaccine have already been reported (Uehling et al., 1994; Uehling et al., 2003). 
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However, it is not known how local synthesis of specific antibodies by uterine 

antibody-secreting cells contributes to uterine immunity (Singh et al., 2008). In the 

present study, intravaginal immunization was not effective in preventing uterine 

diseases, suggesting that mucosal immunization of the vagina, considering dose and 

composition used, does not affect the immunological status of the uterus. 

Nevertheless, it is important to highlight that the uterus is an immune tolerant 

environment during pregnancy (Oliveira et al., 2012), and this might have prevented 

the uterus to develop an immune response to the intravaginal vaccines. Further 

investigation is needed to evaluate if intravaginal vaccination administered prior to 

pregnancy would elicit a uterine immune response capable of prevent uterine diseases, 

and conclude if local synthesis of specific antibodies by the uterine mucosa is 

important for the prevention of puerperal metritis and endometritis in heifers. 

 In general, subcutaneous vaccination increased the serum levels of IgG against 

E. coli, FimH, F. necrophorum, LKT, T. pyogenes, and PLO. This suggests that there 

is a significant contribution of circulating specific IgG to the postpartum uterine 

immunity, a conclusion supported by previous studies. After intramuscular 

immunization with Histophilus somni, most of the IgG in uterine secretions of cattle at 

estrus were derived from serum (Butt et al., 1993). Additionally, it has been reported 

that systemic immunization with Campylobacter fetus increased the IgG activity in the 

bovine reproductive tract. It is possible that IgG proteins work as opsonins in the 

bovine genital tract (Corbeil et al., 1974), hence contributing to phagocyte-dependent 

clearance of infection of the uterus. 
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 It has already been documented that prevention of other diseases such as liver 

abscess and UTI are caused by some of the agents present as antigens within the 

vaccines tested in this study. It has been reported that a single injection of a bivalent T. 

pyogenes – F. necrophorum bacterin-toxoid reduced the prevalence of liver abscess 

when given to cattle entering a feedlot; reductions of 48.4% and 37.5% in the 

prevalence of liver abscess in the two trials reported [23]. It is known that F. 

necrophorum LKT is highly toxic to bovine PMNs (Tan et al., 1994a), inducing 

apoptosis-mediated killing of them (Narayanan et al., 2002); this toxicity is dose-

dependent (Tan et al., 1992). It is possible that immunizing the cows against LKT 

might have reduced the detrimental effect of this toxin on intrauterine PMNs, 

improving the ability of the innate immune system to eliminate bacterial infections 

from the uterus through phagocytosis. Recruited PMNs are key players in the immune 

defense of the uterus; reduced migration of PMNs 2 weeks before calving is associated 

with retained placenta (Kimura et al., 2002), and lower phagocytic activity and 

oxidative burst capacity of PMNs are associated with occurrence of metritis and 

endometritis (Cai et al., 1994; Kim et al., 2005). 

Furthermore, it has been reported that systemic vaccination with FimH protects 

mice and cynomolgus monkeys from UTI (Langermann et al., 1997; Langermann et 

al., 2000). Mice that were immunized with FimH vaccines and challenged with an 

uropathogenic E. coli isolate exhibited a 100- to 1000-fold reduction in the number of 

organisms recovered from their bladders as compared to controls (Langermann et al., 

1997). Additionally, cynomolgus monkeys immunized with FimH and further infected 

with a type 1-piliated E. coli isolate were protected against bladder infection, while 
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control monkeys were affected with cystitis (Langermann et al., 2000). Although we 

did not observe a significant reduction in intrauterine presence of E. coli (the 

percentage of positive cows for E. coli culture was numerically lower for systemically 

vaccinated cows). Furthermore, based on our serological findings, systemic FimH 

immunization was an important factor for prevention of puerperal metritis. 

This study evaluated the effect of multivalent vaccines; therefore, it is not 

possible to relate the effectiveness of the vaccines to any particular antigen. Published 

literature reported the multifactorial etiology of uterine diseases; therefore, we 

designed multivalent vaccines, aiming to successfully immunize cows against the most 

relevant known pathogens associated with uterine infections. Although our serological 

findings suggest that most of the antigens were partially important for the 

effectiveness of the subcutaneous vaccines, we do not know if certain antigens were 

potentially more important. Further research is needed to elucidate how important 

each antigen is for the effectiveness of the vaccines, and perhaps simplify the vaccine 

formulations. 

 In conclusion, the incidence of puerperal metritis was significantly decreased 

with prepartum subcutaneous vaccination with vaccines containing different 

combinations of proteins (FimH, LKT, PLO) and inactivated whole cells (E. coli, F. 

necrophorum and T. pyogenes). In contrast, intravaginal vaccination was not effective 

in decreasing the incidence of puerperal metritis. We can therefore suggest that 

commercial production of a vaccine against metritis may be feasible. Such a vaccine 

could become an integral part of a preventive strategy against metritis, leading to 

reduced incidence of the disease, reduced use of antibiotics and therefore alleviating 
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both animal distress and the overall negative economic impact of metritis on the dairy 

industry.  



236 

 

REFERENCES 

Aprikian, P., V. Tchesnokova, B. Kidd, O. Yakovenko, V. Yarov-Yarovoy, E. 

Trinchina, V. Vogel, W. Thomas and E. Sokurenko. 2007. Interdomain interaction in 

the FimH adhesin of Escherichia coli regulates the affinity to mannose. J. Biol. Chem. 

282:23437-23446.  

Aust, V., K. Knappstein, H. J. Kunz, H. Kaspar, J. Wallmann and M. Kaske. 2012. 

Feeding untreated and pasteurized waste milk and bulk milk to calves: Effects on calf 

performance, health status and antibiotic resistance of faecal bacteria. J. Anim. 

Physiol. Anim. Nutr. (Berl).  

Bannerman, D. D., M. J. Paape, W. R. Hare and E. J. Sohn. 2003. Increased levels of 

LPS-binding protein in bovine blood and milk following bacterial lipopolysaccharide 

challenge. J. Dairy Sci. 86:3128-3137.  

Bicalho, M. L., V. S. Machado, G. Oikonomou, R. O. Gilbert and R. C. Bicalho. 2012. 

Association between virulence factors of Escherichia coli, Fusobacterium 

necrophorum, and Arcanobacterium pyogenes and uterine diseases of dairy cows. Vet. 

Microbiol. 157:125-131.  

Bicalho, R. C., V. S. Machado, M. L. Bicalho, R. O. Gilbert, A. G. Teixeira, L. S. 

Caixeta and R. V. Pereira. 2010. Molecular and epidemiological characterization of 

bovine intrauterine Escherichia coli. J. Dairy Sci. 93:5818-5830.  

Billington, S. J., B. H. Jost, W. A. Cuevas, K. R. Bright and J. G. Songer. 1997. The 

Arcanobacterium (Actinomyces) pyogenes hemolysin, pyolysin, is a novel member of 

the thiol-activated cytolysin family. J. Bacteriol. 179:6100-6106.  

Bondurant, R. H. 1999. Inflammation in the bovine female reproductive tract. J. Anim. 

Sci. 77 Suppl 2:101-110.  

Bradford, M. M. 1976. A rapid and sensitive method for the quantitation of microgram 

quantities of protein utilizing the principle of protein-dye binding. Anal. Biochem. 

72:248-254.  

Butt, B. M., T. E. Besser, P. L. Senger and P. R. Widders. 1993. Specific antibody to 

Haemophilus somnus in the bovine uterus following intramuscular immunization. 

Infect. Immun. 61:2558-2562.  

Cai, T. Q., P. G. Weston, L. A. Lund, B. Brodie, D. J. McKenna and W. C. Wagner. 

1994. Association between neutrophil functions and periparturient disorders in cows. 

Am. J. Vet. Res. 55:934-943.  



237 

 

Cheong, S. H., D. V. Nydam, K. N. Galvao, B. M. Crosier, A. Ricci, L. S. Caixeta, R. 

B. Sper, M. Fraga and R. O. Gilbert. 2012. Use of reagent test strips for diagnosis of 

endometritis in dairy cows. Theriogenology. 77:858-864.  

Choudhury, D., A. Thompson, V. Stojanoff, S. Langermann, J. Pinkner, S. J. Hultgren 

and S. D. Knight. 1999. X-ray structure of the FimC-FimH chaperone-adhesin 

complex from uropathogenic Escherichia coli. Science. 285:1061-1066.  

Corbeil, L. B., G. D. Schurig, J. R. Duncan, R. R. Corbeil and A. J. Winter. 1974. 

Immunoglobulin classes and biological functions of Campylobacter (Vibrio) fetus 

antibodies in serum and cervicovaginal mucus. Infect. Immun. 10:422-429.  

Dohmen, M. J., K. Joop, A. Sturk, P. E. Bols and J. A. Lohuis. 2000. Relationship 

between intra-uterine bacterial contamination, endotoxin levels and the development 

of endometritis in postpartum cows with dystocia or retained placenta. 

Theriogenology. 54:1019-1032.  

Dolejska, M., Z. Jurcickova, I. Literak, L. Pokludova, J. Bures, A. Hera, L. 

Kohoutova, J. Smola and A. Cizek. 2011. IncN plasmids carrying bla CTX-M-1 in 

Escherichia coli isolates on a dairy farm. Vet. Microbiol. 149:513-516.  

Dubuc, J., T. F. Duffield, K. E. Leslie, J. S. Walton and S. J. LeBlanc. 2010a. 

Definitions and diagnosis of postpartum endometritis in dairy cows. J. Dairy Sci. 

93:5225-5233.  

Dubuc, J., T. F. Duffield, K. E. Leslie, J. S. Walton and S. J. LeBlanc. 2010b. Risk 

factors for postpartum uterine diseases in dairy cows. J. Dairy Sci. 93:5764-5771.  

Edmonson, A. J., I. J. Lean, L. D. Weaver, T. Farver and G. Webster. 1989. A body 

condition scoring chart for holstein dairy cows. J. Dairy Sci. 72:68-78.  

Fricke, P. M., D. Z. Caraviello, K. A. Weigel and M. L. Welle. 2003. Fertility of dairy 

cows after resynchronization of ovulation at three intervals following first timed 

insemination. J. Dairy Sci. 86:3941-3950.  

Galvao, K. N., M. J. Flaminio, S. B. Brittin, R. Sper, M. Fraga, L. Caixeta, A. Ricci, 

C. L. Guard, W. R. Butler and R. O. Gilbert. 2010. Association between uterine 

disease and indicators of neutrophil and systemic energy status in lactating holstein 

cows. J. Dairy Sci. 93:2926-2937.  

Hammon, D. S., I. M. Evjen, T. R. Dhiman, J. P. Goff and J. L. Walters. 2006. 

Neutrophil function and energy status in holstein cows with uterine health disorders. 

Vet. Immunol. Immunopathol. 113:21-29.  



238 

 

Jones, G., H. Jayappa, B. Hunsaker, D. Sweeny, V. Rapp-Gabrielson, T. Wasmoen, T. 

G. Nagaraja, S. Swingle and M. Branine. 2004. Efficacy of an Arcanobacterium 

pyogenes - Fusobacterium necrophorum baterin-toxoid as an aid in the prevention of 

liver abscesses in feedlot cattle. Bovine Pract. 38:36-44.  

Kaper, J. B., J. P. Nataro and H. L. Mobley. 2004. Pathogenic Escherichia coli. Nat. 

Rev. Microbiol. 2:123-140.  

Kelton, D. F., K. D. Lissemore and R. E. Martin. 1998. Recommendations for 

recording and calculating the incidence of selected clinical diseases of dairy cattle. J. 

Dairy Sci. 81:2502-2509.  

Kim, I. H., K. J. Na and M. P. Yang. 2005. Immune responses during the peripartum 

period in dairy cows with postpartum endometritis. J. Reprod. Dev. 51:757-764.  

Kimura, K., J. P. Goff, M. E. Kehrli Jr and T. A. Reinhardt. 2002. Decreased 

neutrophil function as a cause of retained placenta in dairy cattle. J. Dairy Sci. 85:544-

550.  

Krogfelt, K. A., H. Bergmans and P. Klemm. 1990. Direct evidence that the FimH 

protein is the mannose-specific adhesin of escherichia coli type 1 fimbriae. Infect. 

Immun. 58:1995-1998.  

Langermann, S., R. Mollby, J. E. Burlein, S. R. Palaszynski, C. G. Auguste, A. 

DeFusco, R. Strouse, M. A. Schenerman, S. J. Hultgren, J. S. Pinkner, J. Winberg, L. 

Guldevall, M. Soderhall, K. Ishikawa, S. Normark and S. Koenig. 2000. Vaccination 

with FimH adhesin protects cynomolgus monkeys from colonization and infection by 

uropathogenic Escherichia coli. J. Infect. Dis. 181:774-778.  

Langermann, S., S. Palaszynski, M. Barnhart, G. Auguste, J. S. Pinkner, J. Burlein, P. 

Barren, S. Koenig, S. Leath, C. H. Jones and S. J. Hultgren. 1997. Prevention of 

mucosal Escherichia coli infection by FimH-adhesin-based systemic vaccination. 

Science. 276:607-611.  

LeBlanc, S. J. 2008. Postpartum uterine disease and dairy herd reproductive 

performance: A review. Vet. J. 176:102-114.  

LeBlanc, S. J., T. Osawa and J. Dubuc. 2011. Reproductive tract defense and disease 

in postpartum dairy cows. Theriogenology. 76:1610-1618.  

Machado, V. S., M. L. Bicalho, R. V. Pereira, L. S. Caixeta, J. H. Bittar, G. 

Oikonomou, R. O. Gilbert and R. C. Bicalho. 2012a. The effect of intrauterine 

administration of mannose or bacteriophage on uterine health and fertility of dairy 

cows with special focus on Escherichia coli and Arcanobacterium pyogenes. J. Dairy 

Sci. 95:3100-3109.  



239 

 

Machado, V. S., W. A. Knauer, M. L. Bicalho, G. Oikonomou, R. O. Gilbert and R. C. 

Bicalho. 2012b. A novel diagnostic technique to determine uterine health of holstein 

cows at 35 days postpartum. J. Dairy Sci. 95:1349-1357.  

Machado, V. S., G. Oikonomou, M. L. Bicalho, W. A. Knauer, R. Gilbert and R. C. 

Bicalho. 2012c. Investigation of postpartum dairy cows' uterine microbial diversity 

using metagenomic pyrosequencing of the 16S rRNA gene. Vet. Microbiol.  

Miller, A. N., E. J. Williams, K. Sibley, S. Herath, E. A. Lane, J. Fishwick, D. M. 

Nash, A. N. Rycroft, H. Dobson, C. E. Bryant and I. M. Sheldon. 2007. The effects of 

Arcanobacterium pyogenes on endometrial function in vitro, and on uterine and 

ovarian function in vivo. Theriogenology. 68:972-980.  

Mooi, F. R. and F. K. de Graaf. 1985. Molecular biology of fimbriae of 

enterotoxigenic Escherichia coli. Curr. Top. Microbiol. Immunol. 118:119-138.  

Moreira, F., C. Orlandi, C. A. Risco, R. Mattos, F. Lopes and W. W. Thatcher. 2001. 

Effects of presynchronization and bovine somatotropin on pregnancy rates to a timed 

artificial insemination protocol in lactating dairy cows. J. Dairy Sci. 84:1646-1659.  

Nagaraja, T. G. and K. F. Lechtenberg. 2007. Liver abscesses in feedlot cattle. Vet. 

Clin. North Am. Food Anim. Pract. 23:351-69, ix.  

Narayanan, S., G. C. Stewart, M. M. Chengappa, L. Willard, W. Shuman, M. 

Wilkerson and T. G. Nagaraja. 2002. Fusobacterium necrophorum leukotoxin induces 

activation and apoptosis of bovine leukocytes. Infect. Immun. 70:4609-4620.  

Neutra, M. R. and P. A. Kozlowski. 2006. Mucosal vaccines: The promise and the 

challenge. Nat. Rev. Immunol. 6:148-158.  

Oliveira, L. J., R. S. Barreto, F. Perecin, N. Mansouri-Attia, F. T. Pereira and F. V. 

Meirelles. 2012. Modulation of maternal immune system during pregnancy in the cow. 

Reprod. Domest. Anim. 47 Suppl 4:384-393.  

Overton, M. and J. Fetrow. 2008. Economics of postpartum uterine health. Page 39-43 

in Dairy cattle reproduction council convention, Omaha NE, USA. 

Pursley, J. R., M. O. Mee and M. C. Wiltbank. 1995. Synchronization of ovulation in 

dairy cows using PGF2alpha and GnRH. Theriogenology. 44:915-923.  

Sannmann, I., O. Burfeind, V. Suthar, A. Bos, M. Bruins and W. Heuwieser. 2013. 

Technical note: Evaluation of odor from vaginal discharge of cows in the first 10 days 

after calving by olfactory cognition and an electronic device. J. Dairy Sci. 96:5773-

5779.  



240 

 

Santos, T. M., L. S. Caixeta, V. S. Machado, A. K. Rauf, R. O. Gilbert and R. C. 

Bicalho. 2010. Antimicrobial resistance and presence of virulence factor genes in 

Arcanobacterium pyogenes isolated from the uterus of postpartum dairy cows. Vet. 

Microbiol. 145:84-89.  

Santos, T. M., R. O. Gilbert and R. C. Bicalho. 2011. Metagenomic analysis of the 

uterine bacterial microbiota in healthy and metritic postpartum dairy cows. J. Dairy 

Sci. 94:291-302.  

Sheldon, I. M., G. S. Lewis, S. LeBlanc and R. O. Gilbert. 2006. Defining postpartum 

uterine disease in cattle. Theriogenology. 65:1516-1530.  

Sheldon, I. M., A. N. Rycroft, B. Dogan, M. Craven, J. J. Bromfield, A. Chandler, M. 

H. Roberts, S. B. Price, R. O. Gilbert and K. W. Simpson. 2010. Specific strains of 

Escherichia coli are pathogenic for the endometrium of cattle and cause pelvic 

inflammatory disease in cattle and mice. PLoS One. 5:e9192.  

Singh, J., R. D. Murray, G. Mshelia and Z. Woldehiwet. 2008. The immune status of 

the bovine uterus during the peripartum period. Vet. J. 175:301-309.  

Tan, Z. L., T. G. Nagaraja and M. M. Chengappa. 1992. Factors affecting the 

leukotoxin activity of Fusobacterium necrophorum. Vet. Microbiol. 32:15-28.  

Tan, Z. L., T. G. Nagaraja, M. M. Chengappa and J. S. Smith. 1994a. Biological and 

biochemical characterization of Fusobacterium necrophorum leukotoxin. Am. J. Vet. 

Res. 55:515-521.  

Tan, Z. L., T. G. Nagaraja, M. M. Chengappa and J. J. Staats. 1994b. Purification and 

quantification of Fusobacterium necrophorum leukotoxin by using monoclonal 

antibodies. Vet. Microbiol. 42:121-133.  

Uehling, D. T., W. J. Hopkins, L. A. Dahmer and E. Balish. 1994. Phase I clinical trial 

of vaginal mucosal immunization for recurrent urinary tract infection. J. Urol. 

152:2308-2311.  

Uehling, D. T., W. J. Hopkins, J. E. Elkahwaji, D. M. Schmidt and G. E. Leverson. 

2003. Phase 2 clinical trial of a vaginal mucosal vaccine for urinary tract infections. J. 

Urol. 170:867-869.  

Williams, E. J., D. P. Fischer, D. U. Pfeiffer, G. C. England, D. E. Noakes, H. Dobson 

and I. M. Sheldon. 2005. Clinical evaluation of postpartum vaginal mucus reflects 

uterine bacterial infection and the immune response in cattle. Theriogenology. 63:102-

117. 

  



241 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 10: Relationship between natural antibodies and postpartum uterine health 

in dairy cows * 
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ABSTRACT 

Postpartum uterine diseases of dairy cows compromise animal welfare and 

may result in early removal from the herd or impaired reproductive performance. The 

relationship between poor immune status around calving and uterine diseases is well 

established; however, that between natural antibodies (NAb) and uterine health has 

not yet been studied. The objective of this study was to evaluate the association of 

circulating NAb levels around parturition with puerperal metritis, clinical 

endometritis, and the intrauterine presence of the Escherichia coli virulence factor 

FimH. One hundred six pregnant heifers were enrolled; NAb in serum samples 

collected at 30 ± 3 d prepartum and at 2 ± 1 and 35 ± 3 d in milk (DIM) were 

measured by ELISA. Puerperal metritis was defined as the presence of fetid, watery, 

red-brown uterine discharge and rectal temperature >39.5°C at 6 ± 1 DIM. Clinical 

endometritis was defined as presence of pus in the uterine lavage sample collected at 

35 ± 3 DIM. The intrauterine presence of the fimH gene at 2 ± 1 DIM was evaluated 

by PCR. The overall optical density (wavelength of 650 nm) of ELISA-detected serum 

NAb was lower for cows diagnosed with puerperal metritis than for cows that did not 

have puerperal metritis. Additionally, cows diagnosed with clinical endometritis 

tended to have lower levels of NAb than did cows without clinical endometritis. 

Finally, FimH-positive cows had lower overall levels of serum NAb compared with 

FimH-negative cows. In conclusion, NAb detected in serum around parturition was 

associated with uterine health of dairy cows.  

Key words: natural antibodies, metritis, endometritis, immune system 
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SHORT COMMUNICATION 

 Postpartum uterine diseases of dairy cows are important for animal welfare and 

economic reasons because they contribute to cow discomfort, early removal from the 

herd, and reproductive failure. In North America, metritis affects 10 to 20% of cows 

(LeBlanc et al., 2011), whereas the incidence of endometritis is approximately 28%, 

ranging from 5.3 to 52.6% (Dubuc et al., 2010; Cheong et al., 2012). Escherichia coli, 

Trueperella pyogenes, Bacteroides spp., and Fusobacterium necrophorum are the 

primary bacterial causes of uterine diseases (Dohmen et al., 1995; Miller et al., 2007; 

Bicalho et al., 2012). The virulence factor FimH, an E. coli type 1 pilus adhesive 

protein that plays a critical role in adhesion and colonization of epithelial surfaces 

(Mooi and de Graaf, 1985), is highly associated with uterine diseases and impaired 

reproductive performance in dairy cows (Bicalho et al., 2010, 2012). 

The relationship between poor immune status around calving and uterine 

disease is already well established (Cai et al., 1994; Kimura et al., 2002; Kim et al., 

2005; Hammon et al., 2006; Galvão et al., 2010), and recruitment of PMNL to the 

endometrial surface and the uterine lumen is critical for the immune defense of the 

uterus (Bondurant, 1999). However, these studies have focused only on the cellular 

component of the innate immune system. 

Natural antibodies (NAb) are an important component of the humoral part of 

the innate immune system (Avrameas, 1991); they are present in the sera of normal, 

nonimmunized individuals (Sidman et al., 1986; Madi et al., 2009). They are produced 

by B-1 cells and spontaneously generated without the need for antigenic stimulation 

(Tarlinton et al., 1995). Natural antibodies can bind to pathogen-associated molecular 
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patterns (Baumgarth et al., 2005), and they may represent the first line of defense by 

directly neutralizing the pathogen and activating the complement system (Ochsenbein 

and Zinkernagel, 2000). It has been reported that plasma NAb concentration is 

decreased during the periparturient period (van Knegsel et al., 2007), and higher levels 

of NAb tended to be associated with decreased risk of mastitis (Thompson-Crispi et 

al., 2013). However, to the best of our knowledge, the relationship between NAb and 

postpartum uterine health has not yet been studied. Therefore, the objective of this 

study was to evaluate the association between circulating NAb levels detected at 30 ± 

3 d prepartum and at 2 ± 1 and 35 ± 3 DIM, the incidence of puerperal metritis and 

clinical endometritis, and the intrauterine presence of the E. coli virulence factor 

FimH. 

This study was conducted from June 16 to November 16, 2012, in a 

commercial dairy farm located near Ithaca, New York, and 106 pregnant heifers were 

enrolled. Serum samples were collected from each cow 3 times during the study 

period: at 30 ± 3 d prepartum and at 2 ± 1 and 35 ± 3 DIM. To obtain serum samples, 

blood was collected from the coccygeal vein or artery using a Vacutainer tube without 

anticoagulant and a 20-gauge × 2.54-cm Vacutainer needle (Becton Dickinson and 

Co., Franklin Lakes, NJ). After collection, all blood samples were transported to the 

laboratory on ice and centrifuged at 2,000 × g for 15 min at 4°C, and the serum was 

harvested and frozen at −80°C. 

Puerperal metritis diagnosis was performed at 6 ± 1 DIM by the research team. 

Puerperal metritis was defined as the presence of fetid, watery, red-brown uterine 

discharge and rectal temperature >39.5°C (Sheldon et al., 2006). Clinical endometritis 
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was diagnosed at 35 ± 3 DIM by visual inspection of a uterine lavage sample for the 

presence of purulent secretion, as described previously (Machado et al., 2012); clinical 

endometritis was defined by the presence of pus in the lavage sample. Body condition 

scores were determined for all study cows at 30 ± 3 d prepartum and at 2 ± 1 and 35 ± 

3 DIM by a single investigator using a 5-point scale with a quarter-point system as 

previously described (Edmonson et al., 1989). 

Cervical swabs were collected at 2 ± 1 DIM for FimH detection by PCR; cows 

were restrained and the perineum area was cleansed and disinfected with 70% ethanol 

solution. The swab was manipulated inside the cervix and exposed to uterine 

secretion. The swabs were kept inside sterile vials at 4°C until processed in the 

laboratory. In the laboratory, swab samples were immersed in 1 mL of PBS in a 15-

mL Falcon tube and vortexed to disperse any mucus, bacteria, or cells. Total DNA was 

isolated from 400 μL of the suspension by using a QIAmp DNA minikit (Qiagen, 

Santa Clara, CA) according to the manufacturer’s instructions for DNA purification 

from blood and body fluids. Some convenient modifications, such as the addition of 

400 μg of lysozyme and incubation for 12 h at 56°C, were included to maximize 

bacterial DNA extraction. Total DNA was eluted in 100 μL of sterile DNase- and 

RNase-free water (Promega, Madison, WI). The concentration and purity of DNA 

were evaluated by optical density using the Nanodrop ND-1000 spectrophotometer 

(Nanodrop Technologies, Rockland, DE), and the fimH gene was amplified by PCR. 

All reactions were performed in a 25-μL volume using Green GoTaqMasterMix 

(Promega), 10 pmol of primers (forward: TGCAGAACGGAT-AAGCCGTGG; 

reverse: GCAGTCACCTGCCCTCCGGTA), and 1 μL of DNA extract. All thermal 
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cycling protocols were performed in a 2720 Thermal Cycler (Applied Biosystems, 

Foster City, CA); the thermal cycling protocol was 95°C for 12 min, followed by 25 

cycles at 94°C for 30 s, 63°C for 30 s, and 68°C for 3 min, followed by a final 

extension at 72°C for 10 min. Negative controls consisting of the PCR mixture 

without DNA were included in all PCR runs. Amplification products were separated 

by electrophoresis through a 1.2% (wt/vol) agarose gel, stained with 0.5 μg/mL 

ethidium bromide, and visualized with a Kodak Gel Logic 100 Imaging System (GL 

100, Scientific Imaging Systems, Eastman Kodak Co., New Haven, CT). Positive 

results were considered to be amplicons of 508 bp. 

Because keyhole limpet hemocyanin (KLH) is a metalloprotein found in the 

hemolymph of the giant keyhole limpet, Megathura crenulata (Harris and Markl, 

1999), dairy cattle are naive to it. Therefore, it is unlikely that it would be recognized 

by specific serum immunoglobulins of dairy cattle, which makes KLH a good antigen 

with which to measure NAb. Hence, NAb in the serum samples were measured by 

ELISA as follows: ELISA micro-titer plates (Greiner Bio-One, Frickenhausen, 

Germany) were coated with 0.1 M carbonate buffer pH 9.2 containing 1 μg/mL of 

KLH (Sigma Aldrich, St. Louis, MO). Binding of antigen to microtiter wells was 

carried out overnight at 4°C; nonspecific binding sites were blocked with PBS 

containing 3% fish gelatin (Sigma Aldrich) for 3 h at room temperature. Dilutions of 

bovine serum samples were then added to the ELISA plates; serum samples were 

diluted in proportions of 1:40 in PBS containing 0.5 M NaCl and 0.5% Tween-20. The 

serotype-specific antibody bound to the ELISA plate was detected with anti-bovine 

IgG antibody conjugated with horseradish peroxidase, diluted according to the 
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manufacturer’s instructions (Sigma Aldrich), followed by addition of the substrate, 

3,3�,5,5�-tetramethylbenzidine (TMB; Sigma Aldrich). The optical density (OD) of 

each well was measured after 20 min at 650 nm using an ELISA plate reader (Synergy 

HT microplate reader, BioTek Instruments, Winooski, VT). The amount of color 

produced was proportional to the amount of primary antibody bound to the protein on 

the bottom of the wells. The assays were performed in 3 wells for each sample; in 2 

wells, the assays were performed in duplicate, as described above, and the third well 

was a blank. The blank well was prepared using the same steps performed in the 

duplicates, except that it was not coated with the antigen. Data were reported as OD at 

650 nm (OD650), a result of the average OD of the Blanks were performed to 

minimize eventual variations in the data due to unspecific binding, including binding 

of serum antibodies to block. Between each step of the assay, the microtiter wells were 

aspirated and rinsed 3 times with washing solution (PBS containing 0.1% Tween-20). 

Three mixed general linear models were fitted to the data using the MIXED 

procedure of SAS (SAS Institute Inc., Cary, NC). The dependent variable evaluated in 

these analyses was OD650 of ELISA-detected serum NAb. The model assumption of 

normally distributed residuals was satisfied by visual evaluation of the distribution 

plot of the studentized residuals. The data were longitudinally collected and comprised 

a series of repeated measures of the dependent variable throughout the 3 time points of 

serum collection: 30 ± 3 d prepartum, 2 ± 1 DIM, and 35 ± 3 DIM. To account 

appropriately for repeated measures, the error term was modeled by imposing a first-

order autoregressive covariance structure for all statistical models. The independent 

variables offered to the first, second, and third models were puerperal metritis (yes or 
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no), clinical endometritis (yes or no), and FimH (positive or negative). Body condition 

score at 30 ± 3-d prepartum, 2 ± 1 DIM, and 35 ± 3 DIM and time of serum collection 

were offered to all 3 models. Two-way and 3-way interactions between uterine health 

parameters, BCS, and time of serum collection were offered to the models; variables 

and their respective interaction terms were retained in the models only when P < 0.10. 

The incidences of puerperal metritis and clinical endometritis were 12.1 and 

8.6%, respectively. Additionally, 10.5% of cows were positive for FimH at 2 ± 1 DIM. 

Of the cows diagnosed with puerperal metritis, 30.0% were positive for FimH and 

10.0% were subsequently diagnosed with clinical endometritis. Additionally, 11% of 

cows diagnosed with endometritis were positive for FimH at 2 ± 1 DIM. The overall 

OD650 of ELISA-detected serum NAb was lower for cows diagnosed with puerperal 

metritis than for cows that did not have puerperal metritis: 0.30 (SEM = 0.03) and 0.38 

(SEM = 0.01), respectively (P = 0.02; Figure 10.1). Furthermore, cows diagnosed with 

clinical endometritis tended to have lower overall OD650 of ELISA-detected serum 

NAb than cows without clinical endometritis: 0.28 (SEM = 0.04) and 0.35 (SEM = 

0.01), respectively (P = 0.09; Figure 10.2). Finally, cows positive for FimH at 2 ± 1 

DIM had lower overall OD650 of ELISA-detected serum NAb than negative cows: 

0.30 (SEM = 0.03) and 0.38 (SEM = 0.01), respectively (P = 0.02; Figure 10.3). 
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Figure 10.1. Serum natural antibodies (NAb) levels for cows diagnosed as having 

or not having puerperal metritis; the black line illustrates the average optical 

density at 650 nm (OD650) of ELISA detected serum NAb for cows that did not 

have puerperal metritis, and the gray line illustrates the average OD650 of 

ELISA-detected serum NAb for cows that were diagnosed with puerperal 

metritis. The overall OD650 of ELISA-detected serum NAb was lower for cows 

diagnosed with puerperal metritis than for cows that did not have puerperal 

metritis (P = 0.02). The interaction between the variable puerperal metritis (yes 

or no) and time of serum collection was not significant (P = 0.83). Error bar 

represent the standard error of the means. 
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Figure 10.2. Serum natural antibodies (NAb) levels for cows diagnosed as having 

or not having clinical endometritis; the black line illustrates the average optical 

density at 650 nm (OD650) of ELISA detected serum NAb for cows that did not 

have clinical endometritis, and the gray line illustrates the average OD650 of 

ELISA-detected serum NAb for cows that were diagnosed with clinical 

endometritis. The overall OD650 of ELISA-detected serum NAb tended to be 

lower for cows diagnosed with clinical endometritis than for cows that did not 

have clinical endometritis (P = 0.09). The interaction between the variable clinical 

endometritis (yes or no) and time of serum collection was not significant (P = 

0.56). Error bars represent the standard error of the means. 

In this study, we were able to detect NAb specific for KLH in serum of dairy 

cows, as previously described by others (van Knegsel et al., 2007; Ploegaert et al., 

2010; Banos et al., 2013). Here, we report an association between higher circulating 

levels of serum NAb around parturition and decreased incidence of puerperal metritis 

or clinical endometritis. Additionally, the intrauterine presence of the E. coli virulence 

factor FimH at 2 ± 1 DIM, a primary condition for the occurrence of uterine diseases 

and reproductive failure (Bicalho et al., 2010, 2012), was associated with lower serum 

NAb levels. Previous studies have suggested that the recruitment of PMNL to the 

endometrial surface and the uterine lumen is critical for the immune defense of the 
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uterus (Cai et al., 1994; Hammon et al., 2006). Although immunoglobulins are not 

necessary for phagocytosis of bacteria by PMNL, immunoglobulins markedly increase 

the phagocytic activity of PMNL (Gondwe et al., 2010; Atosuo and Lilius, 2011). Our 

results suggest that NAb may play an important role in uterine disease resistance, 

perhaps by supporting phagocytosis by PMNL (Singh et al., 2008), directly 

neutralizing the pathogen, and activating the complement system (Ochsenbein and 

Zinkernagel, 2000), decreasing the intrauterine presence of fimbriated E. coli after 

parturition, thus contributing to clearance of infection of the uterus, and subsequently 

decreasing the incidence of puerperal metritis and clinical endometritis. 

 

Figure 10.3. Serum natural antibodies (NAb) levels for cows positive or negative 

for the intrauterine presence of the Escherichia coli virulence factor FimH; the 

black line illustrates the average optical density at 650 nm (OD650) of ELISA-

detected serum NAb for cows tested positive for FimH, and the gray line 

illustrates the average OD650 of ELISA-detected serum NAb for cows that were 

tested negative. The overall OD650 of ELISA-detected serum NAb was lower for 

FimH-positive cows than for FimH-negative cows (P = 0.02). The interaction 

between the variable FimH (positive or negative) and time of serum collection 

was not significant (P = 0.19). Error bars represent the standard error of the 

means. 
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Admittedly, the correlation between circulating and intrauterine NAb levels is 

not known; however, previous studies have suggested that most of the 

immunoglobulins found in the uterine secretion of cattle are serum derived (Corbeil et 

al., 1974; Butt et al., 1993). The idea that antibodies may play an important role in 

uterine disease resistance is partly supported by a previous study, in which it was 

reported that systemic immunization against important intrauterine pathogens 

increased blood levels of specific antibodies and decreased the incidence of puerperal 

metritis (Machado et al., 2014). 

Limited work has been performed to evaluate the associations between NAb 

and disease resistance in dairy cattle. In a study evaluating the association of 

circulating NAb levels with udder health, it was found that higher levels of IgM anti-

KHL NAb tended to be associated with decreased risk of clinical mastitis, whereas no 

association was found with NAb of the IgG isotype (Thompson-Crispi et al., 2013). 

Additionally, NAb have been reported to have a negative association with elevated 

serum NEFA concentrations (van Knegsel et al., 2007, 2012), suggesting a 

relationship between metabolic health and NAb. The same relationship has been 

observed between metabolic status and the cellular component of the innate immune 

system; poorer metabolic status around parturition has been associated with 

compromised PMN killing ability (Hammon et al., 2006; Ster et al., 2012). 

Additionally, cows that developed metritis or endometritis had more impaired PMN 

function than healthy cows (Cai et al., 1994; Hammon et al., 2006). Here we suggest 

that decreased circulating NAb concentration is another factor that may contribute to 
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the impairment of the innate immune system around parturition, increasing the risk of 

uterine diseases development. 

It is possible that NAb does not play an active role in promoting uterine health 

and is simply acting as a biomarker of overall immune competence, as has been 

suggested previously (Banos et al., 2013). Interestingly, previous studies have reported 

relatively high heritability estimates for NAb, ranging from 0.10 to 0.53 (Ploegaert et 

al., 2010; Thompson-Crispi et al., 2013), suggesting that NAb could be used as an 

additional tool in genetic selection for disease resistance in cattle. In conclusion, 

results presented in this study demonstrate an association between higher circulating 

NAb around parturition and improved uterine health in dairy cows. 
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CHAPTER 11: Conclusion 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



259 

 

 The objectives of this dissertation were: 1) to advance the understanding on 

uterine disease etiology and detection, 2) to develop alternative preventive and 

therapeutic methods for uterine diseases, and 3) to better understand the relationship 

between the cow’s immune system and intrauterine infection. 

 Several diagnostic techniques for clinical endometritis are in current use, 

including vaginoscopy, ultrasonographic assessment of uterine fluid volume and 

endometrial thickness, hysteroscopy, the use of an intravaginal device, among others 

(McDougall et al., 2007; Barlund et al., 2008; Madoz et al., 2010). In Chapter 2, it is 

reported that the optical density measured at 620 nm of uterine lavage samples 

collected at 35 days postpartum is an objective measurement of uterine health, because 

it was associated with reproductive performance. We also suggest that it could be used 

as a diagnostic tool to detect endometritis. Using the threshold of 0.058, it had 

sensitivity of 76.3% and specificity of 78.3% to detect clinical endometritis, and with 

the cut-off point of 0.059, it had sensitivity of 100% and specificity of 82.2% to detect 

cytological endometritis. Therefore, we suggest that, in research, it could be used as a 

continuous variable for comparison of different treatment groups. This technique is 

simple and fast, not requiring intensive training, compared to other techniques such as 

uterine cytology and ultrasonography. In addition, it can prevent diagnostic bias 

because it provides a numerical value that cannot be influenced by the researcher. 

 This dissertation contributed to the understanding of the etiology of metritis 

and endometritis. Interesting findings regarding uterine bacteriology in three different 

time points were shown in Chapter 3. Cows positive for E. coli at 2 ± 1 and 10 ± 3 

DIM and for T. pyogenes at 10 ± 3 DIM were more likely to develop metritis; while 
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the presences of E. coli at 2 ± 1 DIM and of T. pyogenes at 35 ± 3 DIM were 

important for clinical endometritis. These findings suggest that E. coli is important for 

uterine disease in early lactation, while a subsequent T. pyogenes infection after the 

second week postpartum plays a role in subsequent uterine infection and disease. 

These findings are supported by others (Dohmen et al., 2000; Bicalho et al., 2012). 

The first complete genome sequence of Trueperella pyogenes is reported in Chapter 8. 

The complete circular genome is 2,338,390 bp long, and the genome encodes several 

known and putative virulence factors, including adhesion factors, and toxins. This 

complete chromosome sequence will contribute to further studies, to identify other 

genes that may play a role in pathogenicity, and to serve as a template for 

transcriptomic studies. 

The vast majority of the studies investigating the bacterial etiology of uterine 

diseases used traditional culture methods, but less than 1% of the microorganisms in 

an environment are cultured under laboratory condition. Although their importance is 

unquestionable, culture-based studies might have underestimated the microbial 

complexity of the intrauterine environment. In chapter 7, the postpartum dairy cows’ 

uterine bacterial diversity was investigated using the metagenomic pyrosequencing of 

the 16S rRNA gene. With this technique, this limitation was surpassed, and the 

microbial population of the postpartum intrauterine environment of dairy cows was 

described. In general, the results highlight the importance of known pathogens already 

associated in previous studies with uterine health and reproductive performance. 

Fusobacterium spp. and Trueperella spp. were detected more frequently in cows 

affected with clinical endometritis than in healthy cows, and their relative abundance 
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was also increased in cows diagnosed with clinical endometritis. Nevertheless, 

associations between uterine health and other pathogens, such as Ureaplasma spp., 

Prevotella spp., Bacteroids spp., and Helcococcus spp, among others, were observed. 

Although this study reinforces the importance of traditional intrauterine pathogens, it 

also shows the complexity of the postpartum intrauterine environment and raises the 

questions: how many other microbes are playing a role in the pathogenesis of uterine 

diseases? And what is their functional profile? To answer those questions, future 

research should exploit the microbial diversity differences between cows affected with 

metritis and/or endometritis and healthy cows by using whole-genome shotgun 

sequencing. Different from the metagenomics sequencing of the 16S rRNA gene, with 

this technique, we sequence random fragments of DNA from microbes; whole genome 

metagenomics provides an alternative, more global way of assessing biological 

functions in microbial communities, generating data regarding the abundance of genes 

related to, for instance, virulence factors, metabolism, and antibiotic resistance. This 

type of study would generate novel data regarding the importance of different 

virulence factors and metabolic pathways; perhaps alternative treatments or preventive 

methods could be conceived with the use of this information. 

Encouraged by recent advances in understanding the etiology and pathogenesis 

of uterine diseases, a series of studies evaluating alternative therapeutic and preventive 

strategies to minimize uterine diseases was conducted. In Chapter 3, we evaluated two 

strategies to prevent uterine diseases. Firstly, we evaluated if intrauterine 

administration of a bacteriophage cocktail that was able to inhibit in vitro growth of 

intrauterine E. coli isolates (Santos et al., 2010) would prevent metritis and 
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endometritis. The second preventive method tested was intrauterine administration of 

mannose, a FimH antagonist; the FimH protein is an E. coli type 1 pili adhesive 

protein that plays an important role in the adhesion of E. coli in the uterine mucosa 

(Bicalho et al., 2010; Sheldon et al., 2010). Unfortunately, both preventive methods 

were not effective to reduce the incidence of metritis and clinical endometritis.  

Clinical endometritis is still a challenge for the American dairy industry 

because it is highly prevalent (Bicalho et al., 2010; Lima et al., 2014), it has 

devastating effects on reproductive performance of dairy cows (Galvao et al., 2009; 

Dubuc et al., 2011; Machado et al., 2015), and there is no effective treatment. 

Recently, it was suggested that single intrauterine infusion of 200 mL of a 50% 

dextrose solution recovered cows from uterine infection (Brick et al., 2012). However, 

as described in Chapter 4, this alternative therapeutic strategy tended to be detrimental 

for uterine health; only 48.4% of treated cows were cured from endometritis 14 days 

after treatment, while 63.2% of control cows were cured from the disease. Treatment 

did not affect reproductive performance. Therefore, a proper treatment for clinical 

endometritis is still lacking for the American dairy industry. 

Although intrauterine mannose failed to prevent infection of the endometrium 

and subsequent disease, it was proposed that immunization against FimH could 

potentially prevent uterine diseases, as immunization against FimH prevented E. coli 

colonization of the bladder mucosa in mice and monkeys (Langermann et al., 1997; 

Langermann et al., 2000). Studies have reported that the prevalence of liver abscesses, 

caused by F. necrophorum and T. pyogenes (Nagaraja and Lechtenberg, 2007), was 

reduced successfully with a single dose of a vaccine containing inactivated F. 
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necrophorum leukotoxin and T. pyogenes pyolysin (Jones et al., 2004). Thus, it was 

hypothesized that immunization against these known intrauterine pathogens, and their 

important virulence factors could successfully prevent metritis and endometritis in 

dairy cows. 

Five vaccines formulations (three subcutaneous, and two intravaginal) 

containing different combinations of proteins (FimH; leukotoxin; and pyolysin) and/or 

inactivated whole cells (Escherichia coli, Fusobacterium necrophorum, and 

Trueperella pyogenes) were developed. In chapter 9, it was described how these 

vaccines were developed and evaluated their efficacy in preventing metritis and 

endometritis. In general, serology data showed that subcutaneously immunized cows 

responded better to vaccination than cows that received intravaginal vaccines. This 

improved response was translated in healthier uterus, as subcutaneous vaccination 

were found to reduce the incidence of puerperal metritis and lead to improved 

reproductive performance, while intravaginal vaccines were ineffective to reduce 

puerperal metritis incidence. Although systemic immunization reduced the incidence 

of puerperal metritis, no effects of vaccination on clinical endometritis were observed. 

The results on the effect of immunization on rectal temperature suggest that 

immunization aliviated the systemic effects of uterine infection, but did not dicreased 

chronic infections. These findings imply that adaptive immunity is playing a role in 

the uterine defense, and that immunoglobulins are protective against bacterial 

infection. These results suggest that a commercial production of a vaccine against 

metritis may be feasible in the future. Combined with other management strategies, it 

would become part of a preventive strategy against metritis, leading to reduced 
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incidence of the disease, and reduced use of antibiotics. This would contribute to 

improve animal welfare, and to ameliorate the overall negative economic impact of 

metritis on the dairy industry. There is an opportunity to continue the investigation of 

mechanisms by which a systemic immunization modulated the innate and adaptive 

immune systems, leading to improved post-partum uterine health and enhanced 

reproductive performance. Data on these immune-modulation mechanisms could 

generate valuable knowledge to be applied in future research aiming to develop novel 

or more efficient vaccines for other diseases. 

 In Chapters 5, 6, and 7, the potential benefits for the use of a subcutaneous 

supplementation of a trace mineral product containing Cu, Zn, Se, and Mn during the 

transition period of dairy cows were evaluated. Firstly, it was observed that trace 

mineral supplementation decreased the incidence of clinical endometritis and stillbirth 

parturitions, but it did not affect metritis incidence or reproductive performance. These 

findings suggest that those trace minerals might be playing a role in uterine disease 

resistance, because of the decreased incidence of clinical endometritis in the 

supplemented group. However, the most remarkable effect of supplementation was on 

udder health of multiparous cows, decreasing the incidence of clinical and subclinical 

mastitis, and decreasing the somatic cell count during the first months of lactation; the 

same effects were not observed in primiparous cows. This improvement in udder 

health is at least partially due to the increase of the antioxidant status of supplemented 

cows, as they have higher levels of circulating superoxide dismutase activity, and this 

antioxidant enzyme activity was also associated with decreased clinical mastitis 

incidence. Supplementation did not improve neutrophils and monocytes phagocytosis 
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and oxidative burst activities. The mechanism of how supplementation is improving 

uterine health remains unknown. Nonetheless, it was observed that injectable trace 

mineral supplementation had an impact on the microbiota profile of dairy cows, 

decreasing the intrauterine presence of important pathogens for clinical endometritis, 

such as Fusobacterium necrophorum and Trueperella pyogenes. These findings 

suggest that this trace mineral supplementation improves the uterine protection against 

these pathogens, but this merits further investigation. 

 In the current literature, the relationship between poor immune status around 

calving and uterine disease is already well established, but these associations focused 

only on the cellular branch of the innate immune system (Cai et al., 1994; Kimura et 

al., 2002; Kim et al., 2005; Hammon et al., 2006; Galvao et al., 2010). In Chapter 9, 

the association between uterine health and periparturient circulating levels of natural 

antibodies, an important component of the humoral branch of the innate immune 

system (Avrameas, 1991), was evaluated. It was found that lower levels of circulating 

natural antibodies around parturition were associated with puerperal metritis, clinical 

endometritis, and intrauterine presence of E. coli carrying the virulence factor encoded 

by the gene fimh. This finding suggests that natural antibodies may play an important 

role in uterine disease resistance, perhaps by supporting phagocytosis by PMNL 

(Singh et al., 2008), directly neutralizing the pathogen, and activating the complement 

system (Ochsenbein and Zinkernagel, 2000), decreasing the intrauterine presence of 

fimbriated E. coli after parturition, thus contributing to clearance of infection of the 

uterus, and subsequently decreasing the incidence of puerperal metritis and clinical 

endometritis. This also reinforces the principle that immunoglobulins have a protective 
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role in the postpartum uterine environment. However, there is the possibility that 

natural antibodies are not playing an active role in promoting uterine health and are 

simply acting as a biomarker of overall immune competence, as has been suggested 

previously (Banos et al., 2013). Future research should explore potential mechanisms 

of defense in which natural antibodies could be involved in the postpartum uterine 

environment, such as opsonization and neutralization of pathogens and toxins. 

Furthermore, future research ventures should attempt to understand the association of 

natural antibodies in blood with phagocytic and oxidative burst capacity of peripheral 

blood leukocytes. If these traits are correlated, circulating levels of natural antibodies 

represent an easy and less costly alternative to diagnose overall immune status of dairy 

cows. This could be a valuable tool in genetic selection for disease resistance in cattle, 

and a diagnostic tool to be used during the transition period, that identifies cows at a 

higher risk of developing postpartum diseases. 

 In summary, this dissertation contributed to the current knowledge on several 

aspects of postpartum uterine diseases of dairy cows. However, uterine diseases are 

still major factors contributing to poor animal welfare and economic losses. Therefore, 

further research is needed to advance the knowledge on the pathogenesis of uterine 

diseases, and to develop better strategies to prevent, and treat those diseases. 

  



267 

 

REFERENCES 

Avrameas, S. 1991. Natural autoantibodies: From 'horror autotoxicus' to 'gnothi 

seauton'. Immunol. Today. 12:154-159.  

Banos, G., E. Wall, M. P. Coffey, A. Bagnall, S. Gillespie, G. C. Russell and T. N. 

McNeilly. 2013. Identification of immune traits correlated with dairy cow health, 

reproduction and productivity. PLoS One. 8:e65766.  

Barlund, C. S., T. D. Carruthers, C. L. Waldner and C. W. Palmer. 2008. A 

comparison of diagnostic techniques for postpartum endometritis in dairy cattle. 

Theriogenology. 69:714-723.  

Bicalho, M. L., V. S. Machado, G. Oikonomou, R. O. Gilbert and R. C. Bicalho. 2012. 

Association between virulence factors of Escherichia coli, Fusobacterium 

necrophorum, and Arcanobacterium pyogenes and uterine diseases of dairy cows. Vet. 

Microbiol. 157:125-131.  

Bicalho, R. C., V. S. Machado, M. L. Bicalho, R. O. Gilbert, A. G. Teixeira, L. S. 

Caixeta and R. V. Pereira. 2010. Molecular and epidemiological characterization of 

bovine intrauterine Escherichia coli. J. Dairy Sci. 93:5818-5830.  

Brick, T. A., G. M. Schuenemann, S. Bas, J. B. Daniels, C. R. Pinto, D. M. Rings and 

P. J. Rajala-Schultz. 2012. Effect of intrauterine dextrose or antibiotic therapy on 

reproductive performance of lactating dairy cows diagnosed with clinical endometritis. 

J. Dairy Sci. 95:1894-1905.  

Cai, T. Q., P. G. Weston, L. A. Lund, B. Brodie, D. J. McKenna and W. C. Wagner. 

1994. Association between neutrophil functions and periparturient disorders in cows. 

Am. J. Vet. Res. 55:934-943.  

Dohmen, M. J., K. Joop, A. Sturk, P. E. Bols and J. A. Lohuis. 2000. Relationship 

between intra-uterine bacterial contamination, endotoxin levels and the development 

of endometritis in postpartum cows with dystocia or retained placenta. 

Theriogenology. 54:1019-1032.  

Dubuc, J., T. F. Duffield, K. E. Leslie, J. S. Walton and S. J. Leblanc. 2011. 

Randomized clinical trial of antibiotic and prostaglandin treatments for uterine health 

and reproductive performance in dairy cows. J. Dairy Sci. 94:1325-1338.  

Galvao, K. N., M. J. Flaminio, S. B. Brittin, R. Sper, M. Fraga, L. Caixeta, A. Ricci, 

C. L. Guard, W. R. Butler and R. O. Gilbert. 2010. Association between uterine 

disease and indicators of neutrophil and systemic energy status in lactating holstein 

cows. J. Dairy Sci. 93:2926-2937.  



268 

 

Galvao, K. N., L. F. Greco, J. M. Vilela, M. F. Sa Filho and J. E. Santos. 2009. Effect 

of intrauterine infusion of ceftiofur on uterine health and fertility in dairy cows. J. 

Dairy Sci. 92:1532-1542.  

Hammon, D. S., I. M. Evjen, T. R. Dhiman, J. P. Goff and J. L. Walters. 2006. 

Neutrophil function and energy status in holstein cows with uterine health disorders. 

Vet. Immunol. Immunopathol. 113:21-29.  

Jones, G., H. Jayappa, B. Hunsaker, D. Sweeny, V. Rapp-Gabrielson, T. Wasmoen, T. 

G. Nagaraja, S. Swingle and M. Branine. 2004. Efficacy of an Arcanobacterium 

pyogenes - Fusobacterium necrophorum baterin-toxoid as an aid in the prevention of 

liver abscesses in feedlot cattle. Bovine Pract. 38:36-44.  

Kim, I. H., K. J. Na and M. P. Yang. 2005. Immune responses during the peripartum 

period in dairy cows with postpartum endometritis. J. Reprod. Dev. 51:757-764.  

Kimura, K., J. P. Goff, M. E. Kehrli Jr and T. A. Reinhardt. 2002. Decreased 

neutrophil function as a cause of retained placenta in dairy cattle. J. Dairy Sci. 85:544-

550.  

Langermann, S., R. Mollby, J. E. Burlein, S. R. Palaszynski, C. G. Auguste, A. 

DeFusco, R. Strouse, M. A. Schenerman, S. J. Hultgren, J. S. Pinkner, J. Winberg, L. 

Guldevall, M. Soderhall, K. Ishikawa, S. Normark and S. Koenig. 2000. Vaccination 

with FimH adhesin protects cynomolgus monkeys from colonization and infection by 

uropathogenic Escherichia coli. J. Infect. Dis. 181:774-778.  

Langermann, S., S. Palaszynski, M. Barnhart, G. Auguste, J. S. Pinkner, J. Burlein, P. 

Barren, S. Koenig, S. Leath, C. H. Jones and S. J. Hultgren. 1997. Prevention of 

mucosal Escherichia coli infection by FimH-adhesin-based systemic vaccination. 

Science. 276:607-611.  

Lima, F. S., A. Vieira-Neto, G. S. Vasconcellos, R. D. Mingoti, E. Karakaya, E. Sole, 

R. S. Bisinotto, N. Martinez, C. A. Risco, K. N. Galvao and J. E. Santos. 2014. 

Efficacy of ampicillin trihydrate or ceftiofur hydrochloride for treatment of metritis 

and subsequent fertility in dairy cows. J. Dairy Sci. 97:5401-5414.  

Machado, V. S., G. Oikonomou, E. K. Ganda, L. Stephens, M. Milhomem, G. L. 

Freitas, M. Zinicola, J. Pearson, M. Wieland, C. Guard, R. O. Gilbert and R. C. 

Bicalho. 2015. The effect of intrauterine infusion of dextrose on clinical endometritis 

cure rate and reproductive performance of dairy cows. J.  Dairy Sci. 

http://dx.doi.org/10.3168/jds.2014-9046:. 

Madoz, L. V., R. L. De la Sota, K. Suzuki, W. Heuwieser and M. Drillich. 2010. Use 

of hysteroscopy for the diagnosis of postpartum clinical endometritis in dairy cows. 

Vet. Rec. 167:142-143.  



269 

 

McDougall, S., R. Macaulay and C. Compton. 2007. Association between 

endometritis diagnosis using a novel intravaginal device and reproductive performance 

in dairy cattle. Anim. Reprod. Sci. 99:9-23.  

Nagaraja, T. G. and K. F. Lechtenberg. 2007. Liver abscesses in feedlot cattle. Vet. 

Clin. North Am. Food Anim. Pract. 23:351-69, ix.  

Ochsenbein, A. F. and R. M. Zinkernagel. 2000. Natural antibodies and complement 

link innate and acquired immunity. Immunol. Today. 21:624-630.  

Santos, T. M., R. O. Gilbert, L. S. Caixeta, V. S. Machado, L. M. Teixeira and R. C. 

Bicalho. 2010. Susceptibility of Escherichia coli isolated from uteri of postpartum 

dairy cows to antibiotic and environmental bacteriophages. part II: In vitro 

antimicrobial activity evaluation of a bacteriophage cocktail and several antibiotics. J. 

Dairy Sci. 93:105-114.  

Sheldon, I. M., A. N. Rycroft, B. Dogan, M. Craven, J. J. Bromfield, A. Chandler, M. 

H. Roberts, S. B. Price, R. O. Gilbert and K. W. Simpson. 2010. Specific strains of 

Escherichia coli are pathogenic for the endometrium of cattle and cause pelvic 

inflammatory disease in cattle and mice. PLoS One. 5:e9192.  

Singh, J., R. D. Murray, G. Mshelia and Z. Woldehiwet. 2008. The immune status of 

the bovine uterus during the peripartum period. Vet. J. 175:301-309.  


