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Abstract

Postpartum uterine diseases are important for
animal welfare and economic reasons, causing cow
discomfort, elimination from the herd and impaired
reproductive performance. Metritis is characterized as
an abnormally enlarged uterus and a fetid, watery, red-
brown uterine discharge within 21 days after parturition.
Endometritis is defined as inflammation of the
endometrium after 21 days postpartum without systemic
signs of illness, and can be considered the chronic stage
of uterine inflammation. It has been reported that the
metritis affects 10 to 20% of cows, and endometritis
affects 5.3 to 52.6% of cows. Metritis affects the cow
systemically, and has a negative impact on milk
production and reproductive performance. Cows
affected with endometritis are not systemically ill, and
do not have their milk production altered; however, they
have impaired reproductive performance. Metritis and
endometritis 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. Events
during the transition period related to negative energy
balance and metabolic imbalance, mineral deficiencies,
leading to immunosuppression are of great important
during establishment of intrauterine bacterial infections.
This, combined with endometrium trauma events during
parturition (such as calving related problems), and
environmental factors (poor hygiene at calving, housing
type and calving season), increases the risk of metritis
and endometritis.
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Introduction

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
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associated with the host, the pathogens, and the
environment on how these factors influence the risk of
uterine diseases. The objective of this review is to
enumerate and discuss the published data on many
factors that predispose to the development of uterine
diseases in dairy cows.

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, puerperal metritis affects 10 to 20%
of cows (LeBlanc ef 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
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 decreased conception rate (Overton and Fetrow,
2008; Giuliodori ef 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), whereas others
observed that cows diagnosed with metritis are more
likely to leave the herd than healthy cows (Linden ef al.,
2009; Wittrock et al, 2011). Wittrock et al. (2011)
suggested that multiparous cows affected by metritis
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were at increased 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 ef 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
of wuterine 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 wuterine Iumen or by
endometrial cytobrush, in the absence of purulent
discharge in the vagina (Gilbert et al., 2005). 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
(PVD) did not always present endometrial
inflammation; the nomenclature 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 stage of lactation that samples were
collected. Increased 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% relative to total cell count, 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., 2005; 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
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
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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, 2005; Dubuc et al., 2010a;
Lima ef 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
etal.,2014).

Differently from metritis, endometritis is not
accompanied by systemic symptoms, being a disease
contained within 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 milkin
the first month of lactation were more likely to develop
subclinical endometritis (Cheong ef al., 2011; Galvao et
al., 2010). However, endometritis impairs reproduction
(Gilbert et al., 2005; 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., 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 PGF2a (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 ef al., 2008; McDougall ef al.,
2013), the use of intrauterine administered antibiotic is
currently not approved in the

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
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requirements for fetal growth increase to maximum
levels, whereas 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
nutrient intake. 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).
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,
contributing 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
concentration 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
for milk fat synthesis. However, when the liver meets its
ATP needs, the uptake of NEFA to complete fB-
oxidation is diverted to B-hydroxybutyrate (BHBA) and
other ketone bodies (Drackley, 1999). Additionally,
when in high concentration, NEFA can be resterified
into triglycerides and accumulate in the liver causing a
condition known as fatty liver (Strang et al., 1998).

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
concentration 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
concentration 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 concentration of
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NEFA have impaired function and viability (Lacetera et
al., 2004; Scalia et al., 2006). High concentration 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 decreased circulating concentration 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 play 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 negative association with elevated
serum NEFA concentrations (van Knegsel et al., 2007,
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 DMI during the transition period (Urton et
al., 2005; Hammon et al., 2006; Huzzey et al., 2007),
and had increased BCS loss during the dry period
(Markusfeld et al., 1997, Kim and Suh, 2003). The
incidence of endometritis was increased for cows with
low BCS at calving (Hoedemaker et al., 2009; Dubuc et
al., 2010b), whereas overconditioned cows are at
increased risk of developing metritis (Kaneene and
Miller, 1995).

Although there are some minor discrepancies
in the literature, generally, cows that develop metritis or
endometritis have elevated circulating concentration of
NEFA in the week preceding parturition, and elevated
NEFA and BHBA serum concentration in the first week
of lactation (Hammon et al., 2006; Dubuc et al., 2010b;
Galvao et al., 2010; Ospina et al, 2010). These
parameters have been explored as diagnostic tools to
identify cows at high risk of developing uterine
diseases, with satisfactory accuracy (Dubuc et al,
2010b; Ospina et al., 2010; Giuliodori et al., 2013).
Recently, it was reported that high prepartum IGF-1 was
associated with reduced risk of developing metritis or
other postpartum diseases (Piechotta er al., 2012;
Giuliodori et al., 2013).

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
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periparturient period, cows experience a condition
called oxidative stress (Castillo et al., 2005; Sordillo,
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 hypocalcemia (Ducusin et al.,
2003; Martinez et al., 2012, 2014). Associations
between low blood Ca concentration 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®"
(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 concentration of blood
minerals is associated with uterine diseases (Martinez et
al., 2012; Bicalho et al., 2014a). Hypocalcemia after
parturition was associated with increased incidences of
metritis and clinical endometritis (Martinez et al., 2012;
Bicalho et al., 2014a), and decreased postpartum serum
concentrations of P, Zn, Cu, 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, 2013).

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
concentration 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 T regulatory 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
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(Mateus et al., 2002; Kim et al., 2005; Machado et al.,
2013), 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 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
NADb 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 ef 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).

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 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
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(Potter et al, 2010; Dubuc ef 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, whereas 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 clinical
endometritis (Potter et al., 2010). The same association
was not observed for subclinical endometritis (Cheong
etal.,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 (Dubuc
et al., 2010b; Potter ef al., 2010; 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° to the
horizontal axis 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 decreased
heritability values for metritis, ranging from 0.02 to
0.07 (Lyons et al., 1991; Van Dorp et al., 1998; Zwald
et al., 2004a, b). Recent studies have investigated the
association between 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.
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Galvio et al. (2011) concluded that uterine health was
not affected by the SNP at position +735 in the
interleukin-8 receptor-a 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
maternity and calving area 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 decreased 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 decreased
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 ez al. (2010) did not
observe any association between clinical endometritis
and markers of hygiene (fecal consistency score, cow
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 decreased
subclinical endometritis incidence than herds that
housed their postpartum cows in bedded packs (Cheong
et al., 2011). Prunner ef 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.

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; Grohn et al., 1990;
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Bruun et al., 2002). Markusfeld (1984) reported that
cows calving during summer are more likely to be
affected with metritis, whereas the incidence of metritis
was associated with summer-fall (Erb and Martin,
1980), fall-winter (Grohn et al., 1990), or winter-spring
calvings (Bruun ef 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 (BoHV-4) has been associated
with poor postpartum uterine health, acting as a secondary
pathogenic agent following bacteria (Monge et al., 2006;
Donoftio 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
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the 15 virulence factors evaluated were associated with
metritis. Sheldon ef 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 fyud. However, they
found that E. coli isolated from cows with metritis were
more capable of adhering and invading epithelial and
stromal endometrial 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 New York State. It was found
that six virulence factors common to extra-intestinal and
entero-aggregative E. coli were associated with uterine
diseases: fimH, hiyA, 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 | 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 50 g 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 ef 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, c; Sens and
Heuwieser, 2013). Dohmen et al. (2000) suggested that
the presence of FE. coli and its endotoxin
lipopolysaccharide (LPS) in lochia during the first two
days postpartum leads to subsequent 7. 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).
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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 was associated with metritis (Bicalho et al., 2012),
and at 35 days postpartum is associated with clinical
endometritis (Machado et al., 2012c¢).

Fusobacterium necrophorum 1is 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
etal., 2015).

Fusobacterium 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
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urogenital, gastrointestinal, and upper respiratory tracts
of many animal species (Hagan et al., 1988; Narayanan
et al., 1998; Carter and Wise, 2004). However, a
physical or microbial insult to the host can lead to a
variety of suppurative 7. 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, c).

Trueperlla 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 7. 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 7. 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).

Trueperella 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 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 7. 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
7th week postpartum was increased for cows affected
with clinical endometritis (Machado et al., 2012c).
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Non-hemolytic Streptococcus spp. and Mannheimia
haemolytica were associated with the fetid mucus odor,
a characteristic sign of uterine infection (Williams ef 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., 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;
Donoftrio et al., 2009, 2010; Chastant-Maillard, 2013;
Jacca et al., 2013). It was described that BoHV-4 can
cause latent infection in bovine macrophages (Donoftrio
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-a (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 (Donoftio et al., 2008).

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 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.
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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.

References

Abuelo A, Hernandez J, Benedito JL, Castillo C.
2013. Oxidative stress index (OSi) as a new tool to
assess redox status in dairy cattle during the transition
period. Animal, 7:1374-1378.

Aluvihare VR, Kallikourdis M, Betz AG. 2004.
Regulatory T cells mediate maternal tolerance to the
fetus. Nat Immunol, 5:266-271.

Amos MR, Healey GD, Goldstone RJ, Mahan SM,
Duvel A, Schuberth HJ, Sandra O, Zieger P, Dieuzy-
Labaye I, Smith DG, Sheldon IM. 2014. Differential
endometrial cell sensitivity to a cholesterol-dependent
cytolysin links Trueperella pyogenes to uterine disease
in cattle. Biol Reprod, 90:54. doi: 10.1095/biolreprod.
113.115972.

Avrameas S. 1991. Natural autoantibodies: From
'horror autotoxicus' to 'gnothiseauton'. Immunol Today,
12:154-159.

Azawi OI, Rahawy MA, Hadad JJ. 2008. Bacterial
isolates associated with dystocia and retained placenta
in iraqi buffaloes. Reprod Domest Anim, 43:286-292.
Barlund CS, Carruthers TD, Waldner CL, Palmer
CW. 2008. A comparison of diagnostic techniques for
postpartum endometritis in dairy cattle. Theriogenology,
69:714-723.

Bell AW. 1995. Regulation of organic nutrient
metabolism during transition from late pregnancy to
early lactation. J Anim Sci, 73:2804-2819.

Benzaquen ME, Risco CA, Archbald LF, Melendez
P, Thatcher MJ, Thatcher WW. 2007. Rectal
temperature, calving-related factors, and the incidence
of puerperal metritis in postpartum dairy cows. J Dairy
Sci, 90:2804-2814.

Bicalho ML, Machado VS, Oikonomou G, Gilbert
RO, Bicalho RC. 2012. Association between virulence
factors of  Escherichia coli,  Fusobacterium

457



ab Machado and Bicalho. Uterine diseases of dairy cows.

necrophorum, and Arcanobacterium pyogenes and
uterine diseases of dairy cows. Vet Microbiol, 157:125-
131.

Bicalho ML, Lima FS, Ganda EK, Foditsch C, Meira
EB Jr, Machado VS, Teixeira AG, Oikonomou G,
Gilbert RO, Bicalho RC. 2014a. Effect of trace
mineral supplementation on selected minerals, energy
metabolites, oxidative stress, and immune parameters
and its association with uterine diseases in dairy cattle. J
Duairy Sci, 97:4281-4295.

Bicalho RC, Machado VS, Bicalho ML, Gilbert RO,
Teixeira AG, Caixeta LS, Pereira RV. 2010.
Molecular and epidemiological characterization of
bovine intrauterine Escherichia coli. J Dairy Sci,
93:5818-5830.

Bicalho RC, Foditsch C, Gilbert R, Oikonomou G.
2014b. The effect of sire predicted transmitting ability
for production traits on fertility, survivability, and
health of Holstein dairy cows. Theriogenology, 81:257-
265.

Bonnett BN, Martin SW, Gannon VP, Miller RB,
Etherington WG. 1991. Endometrial biopsy in
holstein-friesian dairy cows. III. Bacteriological
analysis and correlations with histological findings. Can
J Vet Res, 55:168-173.

Bonnett BN, Martin SW. 1995. Path analysis of
peripartum and postpartum events, rectal palpation
findings, endometrial biopsy results and reproductive
performance in Holstein-Friesian dairy cows. Prev Vet
Med, 21:279-288.

Brick TA, GM Schuenemann, Bas S, Daniels JB,
Pinto CR, Rings DM, Rajala-Schultz PJ. 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.

Bruun J, Ersboll AK, Alban L. 2002. Risk factors for
metritis in Danish dairy cows. Prev Vet Med, 54:179-
190.

Busato A, Faissle D, Kupfer U, Blum JW. 2002. Body
condition scores in dairy cows: associations with
metabolic and endocrine changes in healthy dairy cows.
J Vet Med A Physiol Pathol Clin Med, 49:455-460.

Cai TQ, Weston PG, Lund LA, Brodie B, McKenna
DJ, Wagner WC. 1994, Association between
neutrophil functions and periparturient disorders in
cows. Am J Vet Res, 55:934-943.

Carter GR, Wise DJ. 2004. Essentials of Veterinary
Bacteriology and Mycology. 6th ed. Ames, IA: Towa
State Press.

Castillo C, Hernandez J, Bravo A, Lopez-Alonso M,
Pereira V, Benedito JL. 2005. Oxidative status during
late pregnancy and early lactation in dairy cows. Vet J,
169:286-292.

Cebra CK, Heidel JR, Crisman RO, Stang BV. 2003.
The relationship between endogenous cortisol, blood
micronutrients, and neutrophil function in postparturient
Holstein cows. J Vet Intern Med, 17:902-907.

458

Chastant-Maillard S. 2013. Impact of bovine
herpesvirus 4 (BoHV-4) on reproduction. Transbound
Emerg Dis. doi: 10.1111/tbed.12155.

Cheong SH, Nydam DV, Galvao KN, Crosier BM,
Gilbert RO. 2011. Cow-level and herd-level risk
factors for subclinical endometritis in lactating Holstein
cows. J Dairy Sci, 94:762-770.

Cheong SH, Nydam DV, Galviao KN, Crosier BM,
Ricci A, Caixeta LS, Sper RB, Fraga M, Gilbert RO.
2012. Use of reagent test strips for diagnosis of
endometritis in dairy cows. Theriogenology, 77:858-
864.

Colitti M, Stefanon B. 2006. Effect of natural
antioxidants on superoxide dismutase and glutathione
peroxidase mRNA expression in leukocytes from
periparturient dairy cows. Vet Res Commun, 30:19-27.
Collier RJ, Dahl GE, Van Baale MJ. 2006. Major
advances associated with environmental effects on dairy
cattle. J Dairy Sci, 89:1244-1253.

de Boer MW, LeBlanc SJ, Dubuc J, Meier S,
Heuwieser W, Arlt S, Gilbert RO, McDougall S.
2014. Invited review: Systematic review of diagnostic
tests for reproductive-tract infection and inflammation
in dairy cowsl. J Dairy Sci, 97:3983-3999.

Dohmen MJ, Lohuis JA, Huszenicza G, Nagy P,
Gacs M. 1995. The relationship between bacteriological
and clinical findings in cows with subacute/chronic
endometritis. Theriogenology, 43:1379-1388.

Dohmen MJ, Joop K, Sturk A, Bols PE, Lohuis JA.
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.

Doig PA, Ruhnke HL, Palmer NC. 1980.
Experimental bovine genital ureaplasmosis. II.
granularvulvitis, endometritis and salpingitis following
uterine inoculation. Can J Comp Med, 44:259-266.
Donofrio G, van Santen VL. 2001. A bovine
macrophage cell line supports bovine herpesvirus-4
persistent infection. J Gen Virol, 82:1181-1185.
Donofrio G, Herath S, Sartori C, Cavirani S,
Flammini CF, Sheldon IM. 2007. Bovine herpesvirus
4 is tropic for bovine endometrial cells and modulates
endocrine function. Reproduction, 134:183-197.
Donofrio G, L. Ravanetti, Cavirani S, Herath S,
Capocefalo A, Sheldon IM. 2008. Bacterial infection
of endometrial stromal cells influences bovine
herpesvirus 4 immediate early gene activation: A new
insight into bacterial and viral interaction for uterine
disease. Reproduction, 136:361-366.

Donofrio G, Franceschi V, Capocefalo A, Cavirani S,
Sheldon IM. 2009. Isolation and characterization of
bovine herpesvirus 4 (BoHV-4) from a cow affected by
post partum metritis and cloning of the genome as a
bacterial  artificial chromosome. Reprod  Biol
Endocrinol, 7:83-7827-7-83.

Donofrio G, Capocefalo A, Franceschi V, Price S,
Cavirani S, Sheldon IM. 2010. The chemokine IL8 i

Anim. Reprod, v.12, n.3, p.450-464, Jul./Sept. 2015



ab Machado and Bicalho. Uterine diseases of dairy cows.

s up-regulated in bovine endometrial stromal cells by
the BoHV-4 IE2 gene product, ORF50/rta: a step ahead
toward a mechanism for BoHV-4 induced endometritis.
Biol Reprod, 83:919-928.

Drackley JK. 1999. ADSA foundation scholar
award.biology of dairy cows during the transition
period: the final frontier? J Dairy Sci, 82:2259-2273.
Drackley JK, Dann HM, Neil Douglas G,
JanovickGuretzky NA, Litherland NB, Underwood
JP, Loor JJ. 2005. Physiological and pathological
adaptations in dairy cows that may increase
susceptibility to periparturient diseases and disorders.
Ital J Anim Sci, 4:323-344.

Drillich M, Beetz O, Pfutzner A, Sabin M, Sabin HJ,
Kutzer P, Nattermann H, Heuwieser W. 2001.
Evaluation of a systemic antibiotic treatment of toxic
puerperal metritis in dairy cows. J Dairy Sci, 84:2010-
2017.

Drillich M, Pfiitzner A, Sabin H, Sabin M,
Heuwieser W. 2003. Comparison of two protocols for
the treatment of retained fetal membranes in dairy
cattle. Theriogenology, 59:951-960.

Drillich M, Raab D, Wittke M, Heuwieser W. 2005.
Treatment of chronic endometritis in dairy cows with an
intrauterine application of enzymes. A field trial.
Theriogenology, 63:1811-1823.

DuBois PR, Williams DJ. 1980. Increased incidence of
retained placenta associated with heat stress in dairy
cows. Theriogenology, 13:115-121.

Dubuc J, Duffield TF, Leslie KE, Walton JS,
LeBlanc SJ. 2010a. Definitions and diagnosis of
postpartum endometritis in dairy cows. J Dairy Sci,
93:5225-5233.

Dubuc J, Duffield TF, Leslie KE, Walton JS,
LeBlanc SJ. 2010b. Risk factors for postpartum uterine
diseases in dairy cows. J Dairy Sci, 93:5764-5771.
Dubuc J, Duffield TF, Leslie KE, Walton JS,
Leblanc SJ. 2011. Effects of postpartum uterine
diseases on milk production and culling in dairy cows. J
Dairy Sci, 94:1339-1346.

Ducusin RJ, Uzuka Y, Satoh E, Otani M, Nishimura
M, Tanabe S, Sarashina T. 2003. Effects of
extracellular Ca2+ on phagocytosis and intracellular
Ca2+ concentrations in polymorphonuclear leukocytes
of postpartum dairy cows. Res Vet Sci, 75:27-32.
El-Azab MA, Whitmore HL, Kakoma I, Brodie BO,
McKenna DJ, Gustafsson BK. 1988. Evaluation of the
uterine environment in experimental and spontaneous
bovine metritis. Theriogenology, 29:1327-1334.

Erb HN, Martin SW. 1980. Interrelationships between
production and reproductive diseases in Holstein cows.
age and seasonal patterns. J Dairy Sci, 63:1918-1924.
Erb HN, Smith RD, Oltenacu PA, Guard CL,
Hillman RB, Powers PA, Smith MC, White ME.
1985. Path model of reproductive disorders and
performance, milk fever, mastitis, milk yield, and
culling in holstein cows. J Dairy Sci, 68:3337-3349.
Foldi J, Kulcsar M, Pecsi A, Huyghe B, de Sa C,

Anim. Reprod, v.12, n.3, p.450-464, Jul./Sept. 2015

Lohuis JA, Cox P, Huszenicza G. 2006. Bacterial
complications of postpartum uterine involution in cattle.
Anim Reprod Sci, 96:265-281.

Galvio KN, Greco LF, Vilela JM, Sa Filho MF,
Santos JE. 2009. Effect of intrauterine infusion of
ceftiofur on uterine health and fertility in dairy cows. J
Dairy Sci, 92:1532-1542.

Galvao KN, Flaminio MJ, Brittin SB, Sper R, Fraga
M, Caixeta L, Ricci A, Guard CL, Butler WR,
Gilbert RO. 2010. Association between uterine disease
and indicators of neutrophil and systemic energy status
in lactating Holstein cows. J Dairy Sci, 93:2926-2937.
Galvao KN, Pighetti GM, Cheong SH, Nydam DV,
Gilbert RO. 2011. Association between interleukin-8
receptor-a. (CXCR1) polymorphism and disease
incidence, production, reproduction, and survival in
Holstein cows. J Dairy Sci, 94:2083-2091.

Gilbert RO, Schwark WS. 1992. Pharmacologic
considerations in the management of peripartum
conditions in the cow. Vet Clin North Am Food Anim
Pract, 8:29-56.

Gilbert RO, Shin ST, Guard CL, Erb HN, Frajblat
M. 2005. Prevalence of endometritis and its effects on
reproductive performance of  dairy COWS.
Theriogenology, 64:1879-1888.

Giuliodori MJ, Magnasco RP, Becu-Villalobos D,
Lacau-Mengido IM, Risco CA, de la Sota RL. 2013.
Metritis in dairy cows: risk factors and reproductive
performance. J Dairy Sci, 96:3621-3631.

Goff JP, Stabel JR. 1990. Decreased plasma retinol,
alpha-tocopherol, and zinc concentration during the
periparturient period: effect of milk fever. J Dairy Sci,
73:3195-3199.

Goff JP, Kimura K, Horst RL. 2002. Effect of
mastectomy on milk fever, energy, and vitamins A, E,
and beta-carotene status at parturition. J Dairy Sci,
85:1427-1436.

Graugnard DE, Bionaz M, Trevisi E, Moyes KM,
Salak-Johnson JL, Wallace RL, Drackley JK,
Bertoni G, Loor JJ. 2012. Blood immunometabolic
indices and polymorphonuclear neutrophil function in
peripartum dairy cows are altered by level of dietary
energy prepartum. J Dairy Sci, 95:1749-1758.

Grohn Y, Erb HN, McCulloch CE, Saloniemi HS.
1990. Epidemiology of reproductive disorders in dairy
cattle: associations among host characteristics, disease
and production. Prev Vet Med, 8:25-39.

Hagan WA, Bruner DW, Timoney JF, Hagan WA.
1988. Hagan and Bruner's Microbiology and Infectious
Diseases of Domestic Animals: With Reference to
Etiology, Epizootiology, Pathogenesis, Immunity,
Diagnosis, and Antimicrobial Susceptibility. 8th ed.
Ithaca, NY: Comstock Publ. Associates.

Hammon DS, Evjen IM, Dhiman TR, Goff JP,
Walters JL. 2006. Neutrophil function and energy
status in Holstein cows with uterine health disorders.
Vet Immunol Immunopathol, 113:21-29.

459



ab Machado and Bicalho. Uterine diseases of dairy cows.

Herr M, Bostedt H, Failing K. 2011. IgG and IgM
levels in dairy cows during the periparturient period.
Theriogenology, 75:377-385.

Hoeben D, Heyneman R, Burvenich C. 1997.
Elevated levels of beta-hydroxybutyric acid in
periparturient cows and in vitro effect on respiratory
burst activity of bovine neutrophils. Vet Immunol
Immunopathol, 58:165-170.

Hoeben D, Monfardini E, Opsomer G, Burvenich C,
Dosogne H, De Kruif A, Beckers JF. 2000.
Chemiluminescence of bovine polymorphonuclear
leucocytes during the periparturient period and relation
with metabolic markers and bovine pregnancy-
associated glycoprotein. J Dairy Res, 67:249-259.
Hoedemaker M, Prange D, Gundelach Y. 2009. Body
condition change ante- and postpartum, health and
reproductive performance in German Holstein cows.
Reprod Domest Anim, 44:167-173.

Huzzey JM, Veira DM, Weary DM, von Keyserlingk
MAG. 2007. Prepartum behavior and dry matter intake
identify dairy cows at risk for metritis. J Dairy Sci,
90:3220-3233.

Ingvartsen KL. 2006. Feeding-and management-
related diseases in the transition cow: physiological
adaptations around calving and strategies to reduce
feeding-related diseases. Anim Feed Sci Technol,
126:175-213.

Jacca S, Franceschi V, Colagiorgi A, Sheldon M,
Donofrio G. 2013. Bovine endometrial stromal cells
support tumor necrosis factor alpha-induced bovine
herpesvirus type 4 enhanced replication. Biol Reprod,
88:135. doi: 10.1095/biolreprod.112.106740.

Jost BH, Billington SJ. 2005. Arcanobacterium
pyvogenes: molecular pathogenesis of an animal
opportunist. Antonie Van Leeuwenhoek, 88:87-102.
Kaneene JB, Miller R. 1995. Risk factors for metritis
in Michigan dairy cattle using herd- and cow-based
modelling approaches. Prev Vet Med, 23:183-200.
Kaper JB, Nataro JP, Mobley HL. 2004. Pathogenic
Escherichia coli. Nat Rev Microbiol, 2:123-140.
Kasimanickam R, Duffield TF, Foster RA, Gartley
CJ, Leslie KE, Walton JS, Johnson WH. 2004.
Endometrial cytology and ultrasonography for the
detection of subclinical endometritis in postpartum dairy
cows. Theriogenology, 62:9-23.

Kasimanickam R, Duffield TF, Foster RA, Gartley
CJ, Leslie KE, Walton JS, Johnson WH. 2005. The
effect of a single administration of cephapirin or
cloprostenol on the reproductive performance of dairy
cows with subclinical endometritis. Theriogenology,
63:818-830.

Kehrli ME Jr, Nonnecke BJ, Roth JA. 1989.
Alterations in bovine neutrophil function during the
periparturient period. Am J Vet Res, 50:207-214.

Kim IH, Suh GH. 2003. Effect of the amount of body
condition loss from the dry to near calving periods on
the subsequent body condition change, occurrence of
postpartum  diseases, metabolic parameters and

460

reproductive performance in Holstein dairy cows.
Theriogenology, 60:1445-1456.

Kim IH, Na KJ, Yang MP. 2005. Immune responses
during the peripartum period in dairy cows with
postpartum endometritis. J Reprod Dev, 51:757-764.
Kimura K, Reinhardt TA, Goff JP. 2006. Parturition
and hypocalcemia blunts calcium signals in immune
cells of dairy cattle. J Dairy Sci, 89:2588-2595.
Klucinski W, Degorski A, Miernik-Degorska E,
Targowski S, Winnicka A. 1988. Effect of ketone
bodies on the phagocytic activity of bovine milk
macrophages and polymorphonuclear leukocytes.
Zentralbl Veterinarmed A, 35:632-639.

Kreplin CM, Ruhnke HL, Miller RB, Doig PA. 1987.
The effect of intrauterine inoculation  with
Ureaplasmadiversum on bovine fertility. Can J Vet Res,
51:440-443.

Krogfelt KA, Bergmans H, Klemm P. 1990. Direct
evidence that the FimH protein is the mannose-specific
adhesin of Escherichia coli type 1 fimbriae. Infect
Immun, 58:1995-1998.

Kumar A, Gart E, Nagaraja TG, Narayanan S. 2013.
Adhesion of Fusobacterium necrophorum to bovine
endothelial cells is mediated by outer membrane
proteins. Vet Microbiol, 162:813-818.

Kumar A, Menon S, Nagaraja TG, Narayanan S.
2015. Identification of an outer membrane protein of
Fusobacterium necrophorum subsp. necrophorum that
binds with high affinity to bovine endothelial cells. Vet
Microbiol, 176:196-201.

Kunz PL, Blum JW, Hart IC, Bickel H, Landis J.
1985. Effects of different energy intakes before and
after calving on food intake, performance and blood
hormones and metabolites in dairy cows. Anim Prod,
40:21-231.

Lacetera N, Scalia D, Franci O, Bernabucci U,
Ronchi B, Nardone A. 2004. Short communication:
Effects of nonesterified fatty acids on lymphocyte
function in dairy heifers. J Dairy Sci, 87:1012-1014.
LeBlanc SJ, Duffield TF, Leslie KE, Bateman KG,
Keefe GP, Walton JS, Johnson WH. 2002. The effect
of treatment of clinical endometritis on reproductive
performance in dairy cows. J Dairy Sci, 85:2237-2249.
LeBlanc SJ, Osawa, T Dubuc J. 2011. Reproductive
tract defense and disease in postpartum dairy cows.
Theriogenology, 76:1610-1618.

Lee CS, Meeusen E, Gogolin-Ewens K, Brandon
MR. 1992. Quantitative and qualitative changes in the
intraepithelial lymphocyte population in the uterus of
nonpregnant and pregnant sheep. Am J Reprod
Immunol, 28:90-96.

Lee JI, Kim IH. 2007. Pregnancy loss in dairy cows:
the contributing factors, the effects on reproductive
performance and the economic impact. J Vet Sci, 8:283-
288.

Lima FS, Bisinotto RS, Ribeiro ES, Greco LF, Ayres
H, Favoreto MG, Carvalho MR, Galvao KN, Santos
JE. 2013. Effects of 1 or 2 treatments with

Anim. Reprod, v.12, n.3, p.450-464, Jul./Sept. 2015



ab Machado and Bicalho. Uterine diseases of dairy cows.

prostaglandin F(2)alpha on subclinical endometritis and
fertility in lactating dairy cows inseminated by timed
artificial insemination. J Dairy Sci, 96:6480-6488.

Lima FS, Vieira-Neto A, Vasconcellos GS, Mingoti
RD, Karakaya E, Sole E, Bisinotto RS, Martinez N,
Risco CA, Galviao KN, Santos JE. 2014. Efficacy of
ampicillin trihydrate or ceftiofur hydrochloride for
treatment of metritis and subsequent fertility in dairy
cows. J Dairy Sci, 97:5401-5414.

Lin HK, Oltenacu PA, Van Vleck LD, Erb HN,
Smith RD. 1989. Heritabilities of and genetic
correlations among six health problems in Holstein
Cowsl. J Dairy Sci, 72:180-186.

Linden TC, Bicalho RC, Nydam DV. 2009. Calf birth

weight and its association with calf and cow
survivability, = disease  incidence,  reproductive
performance, and milk production. J Dairy Sci,

92:2580-2588.

Llewellyn S, Fitzpatrick R, Kenny DA, Patton J,
Wathes DC. 2008. Endometrial expression of the
insulin-like growth factor system during uterine
involution in the postpartum dairy cow. Domest Anim
Endocrinol, 34:391-402.

Locatelli C, Scaccabarozzi L, Pisoni G, Bronzo V,
Casula A, Testa F, Allodi S, Pollera C, Toni F,
Moroni P. 2013. Helcococcuskunzii and
Helcococcusovis isolated in dairy cows with puerperal
metritis. J Gen Appl Microbiol, 59:371-374.

Lucy M, Jiang H, Kobayashi Y. 2001. Changes in the
somatotrophic axis associated with the initiation of
lactation. J Dairy Sci, 84:E113-E119.

Lyons DT, Freeman AE, Kuck AL. 1991. Genetics of
health traits in Holstein cattle. J Dairy Sci, 74:1092-
1100.

Machado VS, Bicalho ML, Pereira RV, Caixeta LS,
Bittar JH, Oikonomou G, Gilbert RO, Bicalho RC.
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.
Machado VS, Knauer WA, Bicalho ML, Oikonomou
G, Gilbert RO, Bicalho RC. 2012b. A novel diagnostic
technique to determine uterine health of Holstein cows
at 35 days postpartum. J Dairy Sci, 95:1349-1357.
Machado VS, Oikonomou G, Bicalho ML, Knauer
WA, Gilbert R, Bicalho RC. 2012c¢. Investigation of
postpartum dairy cows' uterine microbial diversity using
metagenomic pyrosequencing of the 16S rRNA gene.
Vet Microbiol, 159:460-469.

Machado VS, Bicalho ML, Pereira RV, Caixeta LS,
Knauer WA, Oikonomou G, Gilbert RO, Bicalho
RC. 2013. Effect of an injectable trace mineral
supplement containing selenium, copper, zinc, and
manganese on the health and production of lactating
Holstein cows. Vet J, 197:451-456.

Machado VS, Bicalho RC. 2014. Complete genome
sequence of Trueperella pyogenes, an important
opportunistic pathogen of livestock. Genome Announc,

Anim. Reprod, v.12, n.3, p.450-464, Jul./Sept. 2015

2:¢00400-14. doi:10.1128/genomeA.00400-14.
Machado VS, Bicalho ML, Gilbert RO, Bicalho RC.
2014a. Short communication: Relationship between
natural antibodies and postpartum uterine health in dairy
cows. J Dairy Sci, 97:7674-7678.

Machado VS, Bicalho ML, Meira Junior EB, Rossi
R, Ribeiro BL, Lima S, Santos T, Kussler A,
Foditsch C, Ganda EK, Oikonomou G, Cheong SH,
Gilbert RO, Bicalho RC. 2014b. Subcutaneous
immunization with inactivated bacterial components
and purified protein of Escherichia coli, Fusobacterium
necrophorum and Trueperella pyogenes prevents
puerperal metritis in Holstein dairy cows. PLoS Ore,
9:¢91734.

Machado VS, Oikonomou G, Ganda EK, Stephens
L, Milhomem M, Freitas GL, Zinicola M, Pearson J,
Wieland M, Guard C, Gilbert RO, Bicalho RC. 2015.
The effect of intrauterine infusion of dextrose on
clinical endometritis cure rate and reproductive
performance of dairy cows. J Dairy Sci, 98:3849-3858.
Markusfeld O. 1984. Factors responsible for post
parturient metritis in dairy cattle. Vet Rec, 114:539-542.
Markusfeld O, Galon N, Ezra E. 1997. Body
condition score, health, yield and fertility in dairy cows.
Vet Rec, 141:67-72.

Martinez N, Risco CA, Lima FS, Bisinotto RS, Greco
LF, Ribeiro ES, Maunsell F, Galvao KN, Santos JE.
2012. Evaluation of peripartal calcium status, energetic
profile, and neutrophil function in dairy cows at low or
high risk of developing uterine disease. J Dairy Sci,
95:7158-7172.

Martinez N, Sinedino LDP, Bisinotto RS, Ribeiro
ES, Gomes GC, Lima FS, Greco LF, Risco CA,
Galvio KN, Taylor-Rodriguez D, Driver JP,
Thatcher WW, Santos JEP. 2014. Effect of induced
subclinical hypocalcemia on physiological responses
and neutrophil function in dairy cows. J Dairy Sci,
97:874-887.

Mateus L, Lopes da Costa L, Carvalho H, Serra P,
Robalo Silva J. 2002. Blood and intrauterine leukocyte
profile and function in dairy cows that spontaneously
recovered from postpartum endometritis. Reprod
Domest Anim, 37:176-180.

McDougall S, Macaulay R, Compton C. 2007.
Association between endometritis diagnosis using a
novel intravaginal device and reproductive performance
in dairy cattle. Anim Reprod Sci, 99:9-23.

McDougall S, de Boer M, Compton C, Leblanc SJ.
2013. Clinical trial of treatment programs for purulent
vaginal discharge in lactating dairy cattle in New
Zealand. Theriogenology, 79:1139-1145.

Mee JF, Berry DP, Cromie AR. 2011. Risk factors for
calving assistance and dystocia in pasture-based
Holstein—Friesian heifers and cows in Ireland. Vet J,
187:189-194.

Meglia GE, Johannisson A, Petersson L, Waller KP.
2001. Changes in some blood micronutrients,
leukocytes and neutrophil expression of adhesion
molecules in periparturient dairy cows. Acta Vet Scand,

461



ab Machado and Bicalho. Uterine diseases of dairy cows.

42:139-150.

Meira Jr EBS, Henriques LCS, Sa LRM, Gregory L.
2012.  Comparison  of  ultrasonography  and
histopathology for the diagnosis of endometritis in
Holstein-Friesian cows. J Dairy Sci, 95:6969-6973.
Merrill RM. 2013. Introduction to Epidemiology. 6th
ed. Burlington, Mass: Jones & Bartlett Learning.

Meyer CL, Berger PJ, Koehler KJ, Thompson JR,
Sattler CG. 2001. Phenotypic trends in incidence of
stillbirth for Holsteins in the United States. J Dairy Sci,
84:515-523.

Miller AN, Williams EJ, Sibley K, Herath S, Lane
EA, Fishwick J, Nash DM, Rycroft AN, Dobson H,
CE Bryant, Sheldon IM. 2007. The effects of
Arcanobacterium pyogenes on endometrial function in
vitro, and on uterine and ovarian function in vivo.
Theriogenology, 68:972-980.

Monge A, Elvira L, Gonzalez JV, Astiz S,
Wellenberg GJ. 2006. Bovine herpesvirus 4-associated
postpartum metritis in a Spanish dairy herd. Res Vet Sci,
80:120-125.

Mooi FR, de Graaf FK. 1985. Molecular biology of
fimbriae of enterotoxigenic Escherichia coli. CurrTop
Microbiol Immunol, 118:119-138.

Mulvey MA. 2002. Adhesion and entry of
uropathogenic Escherichia coli. Cell Microbiol, 4:257-
271.

Nagaraja TG, Narayanan SK, Stewart GC,
Chengappa MM. 2005. Fusobacterium necrophorum
infections in animals: pathogenesis and pathogenic
mechanisms. Anaerobe, 11:239-246.

Narayanan S, Nagaraja TG, Wallace N, Staats J,
Chengappa MM, Oberst RD. 1998. Biochemical and
ribotypic comparison of Actinomyces pyogenes and A
pyogenes-like organisms from liver abscesses, ruminal
wall, and ruminal contents of cattle. Am J Vet Res,
59:271-276.

Narayanan S, Stewart GC, Chengappa MM, Willard
L, Shuman W, Wilkerson M, Nagaraja TG. 2002.
Fusobacterium necrophorumleukotoxin induces
activation and apoptosis of bovine leukocytes. Infect
Immun, 70:4609-4620.

Ndiweni N, Finch JM. 1995. Effects of in vitro
supplementation of bovine mammary gland
macrophages and peripheral blood lymphocytes with
alpha-tocopherol and sodium selenite: Implications for
udder defenses. Vet Immunol Immunopathol, 47:111-
121.

Noakes DE, Wallace L, Smith GR. 1991. Bacterial
flora of the uterus of cows after calving on two
hygienically contrasting farms. Vet Rec, 128:440-442.
Oikonomou G, Angelopoulou K, Arsenos G,
Zygoyiannis D, Banos G. 2009. The effects of
polymorphisms in the DGATI, leptin and growth
hormone receptor gene loci on body energy, blood
metabolic and reproductive traits of Holstein cows.
Anim Genet, 40:10-17.

Olson JD, Ball L, Mortimer RG, Farin PW, Adney

462

WS, Huffman EM. 1984. Aspects of bacteriology and
endocrinology of cows with pyometra and retained fetal
membranes. Am J Vet Res, 45:2251-2255.

Ospina PA, Nydam DV, Stokol T, Overton TR. 2010.
Evaluation of nonesterified fatty acids and beta-
hydroxybutyrate in transition dairy cattle in the
northeastern United States: critical thresholds for
prediction of clinical diseases. J Dairy Sci, 93:546-554.
Overton M, Fetrow J. 2008. Economics of postpartum
uterine health. /n: Proceedings of the Dairy Cattle
Reproduction Council Convention, 2008, Omaha NE,
USA. Champaign, IL: DCRC. pp. 39-43.

Padua MB, Tekin S, Spencer TE, Hansen PJ. 2005.
Actions of progesterone on uterine immunosuppression
and endometrial gland development in the uterine gland
knockout (UGKO) ewe. Mol Reprod Dev, 71:347-357.
Paisley LG, Mickelsen WD, Anderson PB. 1986.
Mechanisms and therapy for retained fetal membranes
and uterine infections of cows: a review.
Theriogenology, 25:353-381.

Parks JB, Kendrick JW. 1973. The isolation and
partial characterization of a herpesvirus from a case of
bovine metritis. Arch Gesamte Virusforsch, 41:211-215.
Piechotta M, Sander AK, Kastelic JP, Wilde R,
Heppelmann M, Rudolphi B, Schuberth HJ,
Bollwein H, Kaske M. 2012. Short communication:
Prepartum plasma insulin-like growth factor-I
concentrations based on day of insemination are lower
in cows developing postpartum diseases. J Dairy Sci,
95:1367-1370.

Pietrocola G, Valtulina V, Rindi S, Jost BH, Speziale
P. 2007. Functional and structural properties of CbpA, a
collagen-binding protein from  Arcanobacterium
pyogenes. Microbiology, 153:3380-3389.

Pinedo PJ, Galvio KN, Seabury CM. 2013. Innate
immune gene variation and differential susceptibility to
uterine diseases in Holstein cows. Theriogenology,
80:384-390.

Polat B, Cengiz M, Cannazik O, Colak A, Oruc E,
Altun S, Salar S, Bastan A. 2015. Endometrial
echotexture variables in postpartum cows with
subclinical endometritis. 4nim Reprod Sci, 155:50-55.
Potter TJ, Guitian J, Fishwick J, Gordon PJ,
Sheldon IM. 2010. Risk factors for clinical
endometritis in postpartum dairy cattle. Theriogenology,
74:127-134.

Prunner I, Wagener K, Pothmann H, Ehling-Schulz
M, Drillich M. 2014. Risk factors for uterine discases
on small- and medium-sized dairy farms determined by
clinical, bacteriological, and cytological examinations.
Theriogenology, 82:857-865.

Rajala PJ, Grohn YT. 1998. Effects of dystocia,
retained placenta, and metritis on milk yield in diary
cows. J Dairy Sci, 81:3172-3181.

Roche JR, Berry DP, Lee JM, Macdonald KA,
Boston RC. 2007. Describing the body condition score
change between successive calvings: a novel strategy
generalizable to diverse cohorts. J Dairy Sci, 90:4378-

Anim. Reprod, v.12, n.3, p.450-464, Jul./Sept. 2015



ab Machado and Bicalho. Uterine diseases of dairy cows.

4396.

Roche JR, Friggens NC, Kay JK, Fisher MW,
Stafford KJ, Berry DP. 2009. Invited review: Body
condition score and its association with dairy cow
productivity, health, and welfare. J Dairy Sci, 92:5769-
5801.

Ruder CA, Sasser RG, Williams RJ, Ely JK, Bull
RC, Butler JE. 1981. Uterine infections in the
postpartum cow: II. possible synergistic effect of
Fusobacterium necrophorum and Corynebacterium
pvogenes. Theriogenology, 15:573-580.

Rukkwamsuk T, Kruip TA, Wensing T. 1999.
Relationship between overfeeding and overconditioning
in the dry period and the problems of high producing
dairy cows during the postparturient period. Vet Q,
21:71-717.

Runciman DJ, Anderson GA, Malmo J, Davis GM.
2008. Effect of intrauterine treatment with cephapirin on
the reproductive performance of seasonally calving
dairy cows at risk of endometritis following
periparturient disease. Aust Vet J, 86:250-258.
Saloniemi H, Grohn Y, Syvajarvi J. 1986. An
epidemiological and genetic study on registered diseases
in Finnish Ayrshire cattle. II. reproductive disorders.
Acta Vet Scand, 27:196-208.

Santos TM, Caixeta LS, Machado VS, Rauf AK,
Gilbert RO, Bicalho RC. 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 TM, Gilbert RO, Bicalho RC. 2011.
Metagenomic analysis of the wuterine bacterial
microbiota in healthy and metritic postpartum dairy
cows. J Dairy Sci, 94:291-302.

Santos TM, Bicalho RC. 2012. Diversity and
succession of bacterial communities in the uterine fluid
of postpartum metritic, endometritic and healthy dairy
cows. PLoS One, 7:¢53048.

Scalia D, Lacetera N, Bernabucci U, Demeyere K,
Duchateau L, Burvenich C. 2006. In vitro effects of
nonesterified fatty acids on bovine neutrophils oxidative
burst and viability. J Dairy Sci, 89:147-154.
Schuenemann GM, Nieto I, Bas S, Galvio KN,
Workman J. 2011. Dairy calving management: effect
of perineal hygiene scores on metritis. J Dairy Sci,
94(E-suppl. 1):744. (abstract).

Senosy WS, Uchiza M, Tameoka N, Izaike Y, Osawa
T. 2009. Association between evaluation of the
reproductive tract by various diagnostic tests and
restoration of ovarian cyclicity in high-producing dairy
cows. Theriogenology, 72:1153-1162.

Sens A, Heuwieser W. 2013. Presence of Escherichia
coli, Trueperella pyogenes, o-hemolytic streptococci,
and coagulase-negative staphylococci and prevalence of
subclinical endometritis. J Dairy Sci, 96:6347-6354.
Shankar AH, Prasad AS. 1998. Zinc and immune
function: The biological basis of altered resistance to
infection. Am J Clin Nutr, 68:447S-463S.

Anim. Reprod, v.12, n.3, p.450-464, Jul./Sept. 2015

Sheldon IM, Lewis GS, LeBlanc S, Gilbert RO. 2006.
Defining postpartum uterine disease in cattle.
Theriogenology, 65:1516-1530.

Sheldon IM, Rycroft AN, Dogan B, Craven M,
Bromfield JJ, Chandler A, Roberts MH, Price SB,
Gilbert RO, Simpson KW. 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:€9192.

Silva E, Gaivao M, Leitao S, Jost BH, Carneiro C,
Vilela CL, Lopes da Costa L, Mateus L. 2008.
Genomic characterization of Arcanobacterium pyogenes
isolates recovered from the uterus of dairy cows with
normal puerperium or clinical metritis. Vet Microbiol,
132:111-118.

Silva E, Leitao S, Tenreiro T, Pomba C, Nunes T,
Lopes da Costa L, Mateus L. 2009. Genomic and
phenotypic characterization of Escherichia coli isolates
recovered from the uterus of puerperal dairy cows. J
Dairy Sci, 92:6000-6010.

Smith BI, Donovan GA, Risco C, Littell R, Young C,
Stanker LH, Elliott J. 1998. Comparison of various
antibiotic treatments for cows diagnosed with toxic
puerperal metritis. J Dairy Sci, 81:1555-1562.

Sordillo LM. 2005. Factors affecting mammary gland
immunity and mastitis susceptibility. Livest Prod Sci,
98:89-99.

Sordillo LM, O'Boyle N, Gandy JC, Corl CM,
Hamilton E. 2007. Shifts in thioredoxin reductase
activity and oxidant status in mononuclear cells
obtained from transition dairy cattle. J Dairy Sci,
90:1186-1192.

Spears JW, Weiss WP. 2008. Role of antioxidants and
trace elements in health and immunity of transition
dairy cows. Vet J, 176:70-76.

Strang BD, Bertics SJ, Grummer RR, Armentano
LE. 1998. Effect of long-chain fatty acids on
triglyceride  accumulation,  gluconeogenesis, and
ureagenesis in bovine hepatocytes. J Dairy Sci, 81:728-
739.

Studer E, Morrow DA. 1978. Postpartum evaluation of
bovine reproductive potential: comparison of findings
from genital tract examination per rectum, uterine
culture, and endometrial biopsy. J Am Vet Med Assoc,
172:489-494.

Suriyasathaporn W, Daemen AJ, Noordhuizen-
Stassen EN, Dieleman SJ, Nielen M, Schukken YH.
1999. Beta-hydroxybutyrate levels in peripheral blood
and ketone bodies supplemented in culture media affect
the in vitro chemotaxis of bovine leukocytes. Vet
Immunol Immunopathol, 68:177-186.

Tan ZL, Nagaraja TG, Chengappa MM. 1992.
Factors  affecting the leukotoxin activity of
Fusobacterium necrophorum. Vet Microbiol, 32:15-28.
Tan ZL, Nagaraja TG, Chengappa MM, Smith JS.
1994. Biological and biochemical characterization of
Fusobacterium necrophorumleukotoxin. Am J Vet Res,
55:515-521.

463



ab Machado and Bicalho. Uterine diseases of dairy cows.

Uematsu M, Sasaki Y, Kitahara G, Sameshima H,
Osawa T. 2013. Risk factors for stillbirth, dystocia in
Japanese black cattle. Vet J, 198:212-216.

Urton G, von Keyserlingk MAG, Weary DM. 2005.
Feeding behavior identifies dairy cows at risk for
metritis. J Dairy Sci, 88:2843-2849.

Van Dorp TE, Dekkers JCM, Martin SW,
Noordhuizen JPTM. 1998. Genetic parameters of
health disorders, and relationships with 305-day milk
yield and conformation traits of registered Holstein
cows. J Dairy Sci, 81:2264-2270.

Van Knegsel AT, de Vries Reilingh G, Meulenberg
S, van den Brand H, Dijkstra J, Kemp B, Parmentier
HK. 2007. Natural antibodies related to energy balance
in early lactation dairy cows. J Dairy Sci, 90:5490-
5498.

Van Knegsel AT, Hostens M, de Vries Reilingh G,
Lammers A, Kemp B, Opsomer G, Parmentier HK.
2012. Natural antibodies related to metabolic and
mammary health in dairy cows. Prev Vet Med, 103:287-
297.

Vergara CF, Dopfer D, Cook NB, Nordlund KV,
McArt JAA, Nydam DV, Oetzel GR. 2014. Risk
factors for postpartum problems in dairy cows:
Explanatory and predictive modeling. J Dairy Sci,
97:4127-4140.

Wagener K, Grunert T, Prunner I, Ehling-Schulz M,
Drillich M. 2014. Dynamics of uterine infections with
Escherichia coli, Streptococcus uberis and Trueperella
pyogenes in post-partum dairy cows and their association
with clinical endometritis. Vet J, 202:527-532.

Wathes DC, Cheng Z, Chowdhury W, Fenwick MA,
Fitzpatrick R, Morris DG, Patton J, Murphy JJ.
2009. Negative energy balance alters global gene
expression and immune responses in the uterus of
postpartum dairy cows. Physiol Genomics, 39:1-13.
Wathes DC, Cheng Z, Fenwick MA, Fitzpatrick R,
Patton J. 2011. Influence of energy balance on the
somatotrophic axis and matrix metalloproteinase
expression in the endometrium of the postpartum dairy

cow. Reproduction, 141:269-281.

Westermann S, Drillich M, Kaufmann TB, Madoz
LV, Heuwieser W. 2010. A clinical approach to
determine false positive findings of clinical endometritis
by vaginoscopy by the use of uterine bacteriology and
cytology in dairy cows. Theriogenology, 74:1248-1255.
Williams EJ, Fischer DP, Pfeiffer DU, England GC,
Noakes DE, Dobson H, Sheldon IM. 2005. Clinical
evaluation of postpartum vaginal mucus reflects uterine
bacterial infection and the immune response in cattle.
Theriogenology, 63:102-117.

Wittrock JM, Proudfoot KL, Weary DM, von
Keyserlingk MA. 2011. Short communication: Metritis
affects milk production and cull rate of Holstein
multiparous and primiparous dairy cows differently. J
Dairy Sci, 94:2408-2412.

Xin Z, Waterman DF, Hemken RW, Harmon RJ.
1993. Copper status and requirement during the dry
period and early lactation in multiparous Holstein cows.
J Dairy Sci, 76:2711-2716.

Yasui T, McArt JA, Ryan CM, Gilbert RO, Nydam
DV, Valdez F, Griswold KE, Overton TR. 2014.
Effects of chromium propionate supplementation during
the periparturient period and early lactation on
metabolism, performance, and cytological endometritis
in dairy cows. J Dairy Sci, 97:6400-6410.

Zarrin M, Wellnitz O, van Dorland HA, Bruckmaier
RM. 2014. Induced hyperketonemia affects the
mammary immune response during lipopolysaccharide
challenge in dairy cows. J Dairy Sci, 97:330-339.
Zwald NR, Weigel KA, Chang YM, Welper RD,
Clay JS. 2004a. Genetic selection for health traits using
producer-recorded data. I. Incidence rates, heritability
estimates, and sire breeding values. J Dairy Sci,
87:4287-4294.

Zwald NR, Weigel KA, Chang YM, Welper RD,
Clay JS. 2004b. Genetic selection for health traits using
producer-recorded data. II. Genetic correlations, disease
probabilities, and relationships with existing traits. J
Dairy Sci, 87:4295-4302.

464

Anim. Reprod, v.12, n.3, p.450-464, Jul./Sept. 2015



