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The transition to lactation (3 weeks before to 3 weeks after
calving) is a challenging period for a high producing dairy
cow. This period is characterized by a decrease in dry-
matter intake (DMI), leading to a sharp decrease in glucose
and calcium, and an increase in body fat mobilization in the
form of non-esterified fatty acids (NEFA). This results in
products such as beta-hydroxybutyrate (BHBA) accumulat-
ing from incomplete oxidation of NEFA (Vazquez-Afion et
al. 1994).

Neutrophils (PMN) are the main leukocyte type involved
in clearing bacteria after uterine infection (Hussain 1989;
Gilbert et al. 2007); however, during the period of negative
energy balance, dairy cows experience a reduction in

PMN function, including reduced phagocytosis and killing
capacity (Cai et al. 1994; Kehrli and Goff 1989; Gilbert

et al. 1993). The factors that account for such reduction
include decreased PMN glycogen stores, decreased blood
calcium concentration, and increased NEFA and BHBA. In
particular, cows that develop uterine disease have a more
pronounced decrease in DMI (Huzzey et al. 2007), an
increase in NEFA and BHBA, and a decrease in blood PMN
pathogen phagocytosis (Kim et al. 2005) and killing (Ham-
mon et al. 2006). In the study by Hammon et al. (2006),
NEFA was negatively associated with PMN oxidative burst
activity. Recently, BHBA was also observed to be negatively
associated with PMN phagocytosis, extracellular trap
formation, and killing of bacteria (Grinberg et al. 2008).

Neutrophils rely on different glucose sources for different
functions. They depend mainly on extracellular glucose
(but can use glycogen under hypoglycemic conditions)

for the energy required for chemotaxis, while they depend
mainly on intracellular glycogen and glycogenolysis for the
glucose necessary for phagocytosis and killing (Kuehl and
Egan 1980; Weisdorf et al. 1982a; Weisdorf et al. 1982b).
Whereas chemotactic stimuli (such as FMLP, C5a, and
aracdonic acid) accelerate glucose uptake, phagocytic
stimuli (such as opsonized zymosan particles) failed to
increase glucose uptake but increased glycogen breakdown
(Weisdorf et al. 1982a; Weisdorf et al. 1982b). Therefore,
the low glucose concentrations observed in the first 10
days of lactation (Vazquez-Afion et al. 1994) might directly
impair PMN chemotaxis and could lead to decreased PMN
glycogen stores. In turn, the impaired PMN chemotaxis
and decreased PMN glycogen stores lead to decreased
phagocytic and killing capability (and possibly chemotaxis),
which would predispose cows to disease. In a recent study,
PMN glycogen stores were found to be reduced early
postpartum and such reduction was more pronounced in
cows that developed uterine disease (Galvao et al. 2010a).
Calcium is an important second messenger for PMN
activation. In a recent study (Figure 1), cows that developed
uterine disease had a greater reduction in calcium concen-
tration than healthy cows (Martinez-Patino et al. 2011).
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Figure 1. Calcium concentration (mg/dL) in serum of healthy cows
(open diamonds) and cows that developed metritis (solid diamonds),
from calving to 12 days after calving.

Credits: Martinez-Patino et al. (2011).

The high concentrations of cortisol and estradiol are also
believed to contribute to the overall state of immunosup-
pression around calving (Goff and Horst 1997). If the
immune system is not able to eliminate bacterial infection,
disease is established. Early postpartum (< 21 days in milk,
or DIM) cows are affected with metritis (severe and acute).
Some cows clear the infection but others remain chronically
infected (> 21 DIM), and the condition is called endometri-
tis. Regardless of the condition, the overall effect of uterine
infection is damage to the endometrium and activation of
inflammation with release of pro-inflammatory cytokines,
including tumor necrosis factor-a (TNFa), interleukin-1
(IL-1), and interleukin-6 (IL-6), and chemokines, including
interleukin-8 (IL-8) (Chapwanya et al. 2009; Galvao et

al. 2011). Damage to the endometrium is caused by the
bacteria and by neutrophils releasing proteolytic granules
and reactive oxygen species.

Pathogenic bacteria associated with metritis and endo-
metritis are Escherichia coli, Arcanobacterium pyogenes,
Fusobacterium necrophorum, and Prevotella maleninogeni-
cus. Infection with these pathogenic bacteria will induce the
release of pro-inflammatory cytokines such as TNFa, which
have been found to stimulate the release of prostaglandin-
F2a (PGF2a) from the endometrium and luteal cells and

to induce luteolysis (Skarzynski et al. 2005; Kaneko and
Kawakami 2008; Kaneko and Kawakami 2009). On the
other hand, IL-1 and IL-6 have been found to decrease the
expression of oxytocin receptors in endometrial cells, which
could impair the mechanism of luteolysis (Leung et al.
2001). Therefore, inflammation could have a bimodal effect
on the length of the estrus cycle.
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Although the initial response to infection might be to lyse
the corpus luteum (CL), another response observed in
cows having uterine disease is a prolonged luteal phase.
Prolonged luteal lifespan was observed when the first
ovulation postpartum occurred in the presence of a heavily
contaminated uterus (Olson et al. 1984), or when A. pyo-
genes was infused into the uterine lumen (Farin et al. 1989).
Escherichia coli releases the endotoxin lipopolysaccharide
(LPS), which impairs the release of both gonadotropin-
releasing hormone (GnRH) and luteinizing hormone (LH)
(Peter et al. 1989), decreases aromatase activity (Herath

et al. 2009), and increases the prostaglandin-E2 (PGE)

to PGF2a ratio (Herath et al. 2009). The consequences

of decreased aromatase activity are decreased follicular
growth and estradiol production (Williams et al. 2007;
Williams et al. 2008). Decreased GnRH/LH release leads

to decreased ovulation rate (Peter et al. 1989), and an
increase in the ratio of PGE to PGF2a leads to extended
luteal phase when ovulation does occur (Farin et al. 1989).
A. pyogenes releases the cholesterol-dependent cytotoxin
pyolysin, which damages the endometrium and leads to
the production of pro-inflammatory cytokines, decreased
endometrial oxytocin receptors, and impairment of embryo
development (Hansen et al. 2004; Hill and Gilbert 2008).
The combined effect of bacterial infection and activation of
inflammation is damage to the endometrium and embryo,
delayed ovulation, shortened or extended luteal phase after
ovulation, increased time to first insemination, decreased
conception rates, increased time to conception, and in-
creased pregnancy loss (Opsomer 2000; Galvao et al. 2009;
Galvio et al. 2010b).

In summary, PMN are the main leukocyte type involved in
clearing bacteria after uterine infection; however, during
the period of negative energy balance, dairy cows experi-
ence a reduction in PMN function, including reduced
phagocytosis and killing capacity. This reduction is more
pronounced in cows that develop uterine disease. Glycogen
is the main source of energy for PMN phagocytosis and
killing; calcium is an important second messenger for PMN
activation; NEFA is associated with impaired PMN oxida-
tive burst activity; and BHBA reduces PMN phagocytosis,
extracellular trap formation, and killing of bacteria. If the
immune system is not able to eliminate bacterial infection,
disease is established. The combined effect of bacterial
infection and activation of inflammation is damage to the
endometrium and embryo, delayed ovulation, shortened or
extended luteal phase after ovulation, increased time to first
insemination, decreased conception rates, increased time to
conception, and increased pregnancy loss.
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