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Abstract 
 

The transition to lactation (3 weeks before to 
3 weeks after calving) 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) accumulating from 
incomplete oxidation of NEFA (Vazquez-Añon et al., 
1994). Neutrophils (PMN) are the main leukocyte type 
involved in clearing bacteria after uterine infection; 
however, during the period of negative energy balance, 
dairy cows experience 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 oxidative 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. Pathogenic bacteria 
associated with metritis and endometritis are E. coli, A. 
pyogenes, F. necrophorum, and P. maleninogenicus. E. 
coli increases the susceptibility of the endometrium 
to subsequent infection with A. pyogenes, and A. 
pyogenes acts synergistically with F. necrophorum 
and P. melaninogenicus to enhance the severity of 
uterine disease. Among their effects, E. coli releases 
bacterial-wall LPS; A. pyogenes produces the 
cholesterol-dependent cytotoxin pyolysin and a growth 
factor for F. necrophorum; F. necrophorum produces a 
leukotoxin; and P. melaninogenicus produces a 
substance that inhibits phagocytosis. A specific E. coli, 
called EnPEC/IUEC, causes uterine disease, and the 
virulence factor fimH was mostly associated with 
disease. For A. pyogenes, fimA was the only virulence 
factor associated with uterine disease. 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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Introduction 
 

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) accumulating from incomplete 
oxidation of NEFA (Vazquez-Añon 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 (Kehrli and 
Goff, 1989; Gilbert et al., 1993; Cai et al., 1994). The 
factors that might account for such reduction include 
decreased PMN glycogen stores (Galvão et al., 2010a), 
decreased blood calcium concentration (Goff and Horst, 
1997; Kimura et al., 2006), and increased NEFA and 
BHBA (Hammon et al., 2006; Galvão et al., 2010a). 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 (Hammon 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).  

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 
endometritis. 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- α (TNFα), interleukin-1 (IL-1), and interleukin-6 
(IL-6), and chemokines, including interleukin-8 (IL-8) 
(Chapwanya et al., 2009; Galvão et al., 2011). Damage 
to the endometrium is caused by the bacteria and by 
neutrophils releasing proteolytic granules and reactive 
oxygen species. 
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Neutrophil function 
 

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, b). Whereas chemotactic stimuli 
(such as N-formyl-methionine-leucine-phenylalanine, 
C5a, and arachidonic acid) accelerate glucose uptake, 
phagocytic stimuli (such as opsonized zymosan 
particles) failed to increase glucose uptake but increased 
glycogen breakdown (Weisdorf et al., 1982a, b). 
Therefore, the low glucose concentrations observed in 
the first 10 days of lactation (Vazquez-Añon 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 during early 
postpartum and such reduction was more pronounced in 
cows that developed uterine disease (Galvão et al., 
2010a). Calcium is an important second messenger for 
PMN activation. In a recent study, cows that developed 
uterine disease had a greater reduction in calcium 
concentration than healthy cows (Martinez-Patino et al., 
2012). Furthermore, the odds of developing metritis 
decreased by 62% for every 1 mg/dl increase in serum 
Ca in the first 3 days after calving (Martinez-Patino et 
al., 2012). 
 

Effect of cortisol and estradiol 
 

The high concentrations of cortisol and 
estradiol are also believed to contribute to the overall 
state of immunosuppression around calving (Wyle and 
Kent, 1977; Goff and Horst, 1997). Cortisol is a known 
immunosuppressive hormone (Roth and Kaeberle, 
1982). We recently observed that primiparous cows had 
increased cortisol concentration compared to 
multiparous (Galvão et al., 2010a). Greater cortisol 
concentrations in primiparous cows is probably the 
consequence of stressful events such as frequent pen 
moves, more interactions with the herd personnel, 
calving itself, and milking for the first time, and could 
be contributing to the overall higher metritis incidence 
observed in primiparous cows (Goshen and Shpigel, 
2006). Furthermore, it was observed that cows that 
developed metritis had greater cortisol concentrations at 
calving than cows that had subclinical endometritis 
(SCE); however, concentrations were not different from 
healthy cows. Plasma estradiol on the day of calving is 
also thought to contribute to the overall 
immunosuppression observed in dairy cows around 

calving (Goff and Horst, 1997; Wyle and Kent, 1977). 
Recently, we observed that cows that developed metritis 
had greater estradiol concentrations than healthy cows 
on the day of calving. This might be contributing to the 
state of immunosuppression and predisposing cows to 
disease. 

 
Effect of pathogenic bacteria 

 
Pathogenic bacteria associated with metritis 

and endometritis are Escherichia coli, Arcanobacterium 
pyogenes, Fusobacterium necrophorum, and Prevotella 
maleninogenicus (Bonnett et al., 1991; BonDurant et 
al., 1999; Huszenicza et al., 1999; Földi et al., 2006; 
Gilbert et al., 2007). These four main bacteria are 
believed to work synergistically to cause uterine disease 
(Griffin et al., 1974; Ruder et al., 1981; Bonnett et al., 
1991). In fact, E. coli might increase the susceptibility 
of the endometrium to subsequent infection with A. 
pyogenes (Olson et al., 1984; Gilbert et al., 2007; 
Williams et al., 2007), while A. pyogenes acts 
synergistically with F. necrophorum and P. 
melaninogenicus to enhance the severity of uterine 
disease (Griffin et al., 1974; Ruder et al., 1981; Bonnett 
et al., 1991). Among their effects, E. coli releases 
bacterial-wall lipopolysaccharides (LPS; Williams et 
al., 2008); A. pyogenes produces the cholesterol-
dependent cytotoxin pyolysin (Miller et al., 2007) and a 
growth factor for F. necrophorum (Sheldon and 
Dobson, 2004); F. necrophorum produces a leukotoxin; 
and P. melaninogenicus produces a substance that 
inhibits phagocytosis (Sheldon and Dobson, 2004). 

Escherichia coli and A. pyogenes have been 
more extensively studied than the other bacteria. 
Recently, it was observed that a specific E. coli causes 
uterine disease, which is different from known 
diarrhoeic or extra-intestinal pathogenic E. coli 
(Sheldon et al., 2010). This specific E. coli was named 
endometrial pathogenic E. coli or EnPEC. EnPEC was 
found to be more adherent and invasive to endometrial 
cells and also to stimulate greater production of 
prostaglandin E2 and interleukin 8 (Sheldon et al., 
2010). Interleukin 8 is the main neutrophil chemokine. 
In another study, six virulence factors were found to be 
associated with metritis and endometritis: fimbriae 
components (fim) fimH, hemolyn A (hlyA), cytolethal 
distending toxin (cdt), group II capsule (kpsMII), 
invasion of brain endothelium (ibeA), and arginine 
succinyltransferase (astA). However, fimH was the most 
prevalent and significant factor (Bicalho et al., 2010). 
The authors concluded that E. coli carrying fimH and at 
least one of the other factors were pathogenic to dairy 
cows. The authors called this virulent strain of 
intrauterine E. coli (IUEC).  

Arcanobacterium pyogenes has been 
highlighted in several studies as the main causative 
agent of endometrial damage and infertility (Bonnett et 
al., 1991; Ruder et al., 1991; Dohmen et al., 2000;
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BonDurant et al., 1999). A recent study also tried to find 
specific virulence factors associated with uterine disease 
(Silva et al., 2008). They evaluated a series of virulence 
factors including pyolysin (plo), neuraminidases (nan) 
nanP, nanH, collagen-binding protein A (cbpA), fimA, 
fimC, fimE, and fimG, but were unable to find any 
association with incidence of metritis. They concluded that 
synergism between A. pyogenes and other bacteria and 
differential gene expression of virulence factors might be 
more important for establishment of infection. In 
another study, only fimA was found to be 
overrepresented in cows with metritis, while the other 
virulence factors were similarly found in both healthy 
and metritic cows (Santos et al., 2010). 

Infection with these pathogenic bacteria will 
induce the release of pro-inflammatory cytokines such 
as TNFα, which have been found to stimulate the 
release of prostaglandin-F2α (PGF2α) from the 
endometrium and luteal cells and to induce luteolysis 
(Skarzynski et al., 2005; Kaneko and Kawakami, 2008, 
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 estrous cycle.  

Although the initial response to infection might 
be to lyse the corpus luteum, 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. pyogenes was infused into the uterine lumen 
(Farin et al., 1989). Escherichia coli releases the 
endotoxin 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 PGF2α ratio (Herath et 
al., 2009). The consequences of decreased aromatase 
activity are decreased follicular growth and estradiol 
production (Williams et al., 2007, 2008). Decreased 
GnRH/LH release leads to decreased ovulation rate 
(Peter et al., 1989), and an increase in the ratio of PGE 
to PGF2α 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 increased pregnancy 
loss (Opsomer et al., 2000, Galvão et al., 2009, 2010b). 

Conclusion 
 

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 experience 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 oxidative 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. Pathogenic bacteria 
associated with metritis and endometritis are E. coli, A. 
pyogenes, F. necrophorum, and P. maleninogenicus. E. 
coli increases the susceptibility of the endometrium to 
subsequent infection with A. pyogenes, and A. pyogenes 
acts synergistically with F. necrophorum and P. 
melaninogenicus to enhance the severity of uterine 
disease. Among their effects, E. coli releases bacterial-
wall LPS; A. pyogenes produces the cholesterol-
dependent cytotoxin pyolysin and a growth factor for F. 
necrophorum; F. necrophorum produces a leukotoxin; 
and P. melaninogenicus produces a substance that 
inhibits phagocytosis. A specific E. coli, called EnPEC, 
causes uterine disease, and the virulence factor fimH 
was mostly associated with disease. For A. pyogenes, 
fimA was the only virulence factor associated with 
uterine disease. 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. 
 

References 
 
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. 
BonDurant RH. 1999. Inflammation in the bovine 
female reproductive tract. J Anim Sci, 77(suppl 2):101-
110. 
Bonnett BN, Martin SW, Gannon VP, Miller RB, 
Etherington WG. 1991. Endometrial biopsy in 
Holstein-Friesian dairy cows. III. Bacterial analysis and 
correlations with histological findings. Can J Vet Res, 
55:168-173. 
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. 



  Galvão. Immune function and uterine disease in dairy cows. 
 

Anim Reprod, v.9, n.3, p.318-322, Jul./Sept. 2012 321 

Chapwanya A, Meade KG, Doherty ML, Callanan 
JJ, Mee JF, O'Farrelly C. 2009. Histopathological and 
molecular evaluation of Holstein-Friesian cows 
postpartum: toward an improved understanding of uterine 
innate immunity. Theriogenology, 71:1396-1407. 
Dohmen MJ, Joop K, Sturk A, Bols PE, Lohuis A. 
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. 
Farin PW, Ball L, Olson JD, Mortimer RG, Jones 
RL, Adney WS, McChesney AE. 1989. Effect of 
actinomyces pyogenes and gram-negative anaerobic 
bacteria on the development of bovine pyometra. 
Theriogenology, 31:979-989. 
Földi J, Kulcsár M, Pécsi A, Huyghe B, de Sa C, 
Lohuis JA, Cox P, Huszenicza G. 2006. Bacterial 
complications of postpartum uterine involution in cattle. 
Anim Reprod Sci, 96:265-281. 
Galvão, KN, Greco LF, Vilela JM, Sá 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. 
Galvão KN, Flaminio MJ, Brittin SB, Sper R, Fraga 
M, Caixeta L, Ricci A, Guard CL, Butler WR, 
Gilbert RO. 2010a. Association between uterine 
disease and indicators of neutrophil and systemic energy 
status in lactating Holstein cows. J Dairy Sci, 93:2926-
2937. 
Galvão KN, Frajblat M, Butler WR, Brittin SB 
Guard CL, Gilbert RO. 2010b. Effect of early 
postpartum ovulation on fertility in dairy cows. Reprod 
Domest Anim, 45:e207-e211. 
Galvão KN, Santos NR, Galvão JS, Gilbert RO. 
2011. Association between endometritis and 
endometrial cytokine expression in postpartum Holstein 
cows. Theriogenology, 76:290-299.  
Gilbert RO, Gröhn YT, Miller PM, Hoffman DJ. 
1993. Effect of parity on periparturient neutrophil 
function in dairy cows. Vet Immunol Immunopathol, 
36:75-82. 
Gilbert RO, Santos NR, Galvão KN, Brittin SB, 
Roman HB. 2007. The Relationship between 
postpartum uterine bacterial infection (BI) and 
subclinical endometritis (SE). J Dairy Sci, 90(suppl 
1):469. (abstract). 
Goff JP, Horst RL. 1997. Physiological changes at 
parturition and their relationship to metabolic disorders. 
J Dairy Sci, 80:1260-1268. 
Goshen T, Shpigel NY. 2006. Evaluation of 
intrauterine antibiotic treatment of clinical metritis and 
retained fetal membranes in dairy cows. 
Theriogenology, 66:2210-2218. 
Griffin JFT, Hartigan PJ, Nunn WR. 1974. Non-
specific uterine infection and bovine fertility. I. 
Infection patterns and endometritis during the first 
seven weeks post-partum. Theriogenology, 1:91-106. 
Grinberg N, Elazar S, Rosenshine I, Shpigel NY. 

2008. Beta-hydroxybutyrate abrogates formation of 
bovine neutrophil extracellular traps and bactericidal 
activity against mammary pathogenic Escherichia coli. 
Infect Immun, 76:2802-2807. 
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, 113:21-29. 
Hansen PJ, Soto P, Natzke RP. 2004. Mastitis and 
fertility in cattle possible-involvement of inflammation 
or immune activation in embryonic mortality. Am J 
Reprod, 60:1104-1109. 
Herath S, Lilly ST, Fischer DP, Williams EJ, Dobson 
H, Bryant CE, Sheldon IM. 2009. Bacterial 
lipopolysaccharide induces an endocrine switch from 
prostaglandin F2alpha to prostaglandin E2 in bovine 
endometrium. Endocrinology, 150:1912-1920.  
Hill J, Gilbert R. 2008. Reduced quality of bovine 
embryos cultured in media conditioned by exposure to 
an inflamed endometrium. Aust Vet J, 86:312-316. 
Hussain AM. 1989. Bovine uterine defense mechanism: 
a review. J Vet Med B, 36:641-651. 
Huszenicza G, Fodor M, Gacs M, Kulscar M, 
Dohmen MJ, Vamos M, Portokolab L, Kegl T, 
Bartyik J, Janosi JC, Szita G. 1999. Uterine 
bacteriology, resumption of ovarian activity and fertility 
in postpartum cows kept in large-scale dairy herds. 
Reprod Domest Anim, 34:237-245. 
Huzzey JM, Veira DM, Weary DM, von Keyserlingk 
MA. 2007. Prepartum behavior and dry matter intake 
identify dairy cows at risk for metritis. J Dairy Sci, 
90:3220-3233. 
Kaneko K, Kawakami S. 2008. Influence of 
experimental intrauterine infusion of arcanobacterium 
pyogenes solution on ovarian activity in cycling cows. J 
Vet Med Sci, 70:77-83. 
Kaneko K, Kawakami S. 2009. The Roles of PGF 
(2alpha) and PGE (2) in regression of the corpus luteum 
after intrauterine infusion of arcanobacterium pyogenes 
in cows. Theriogenology, 71:858-863. 
Kehrli ME Jr, Goff JP. 1989. Periparturient 
hypocalcemia in cows: effects on peripheral blood 
neutrophil and lymphocyte function. J Dairy Sci, 
72:1188-1196. 
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. 
Kuehl FA Jr., Egan RW. 1980. Prostaglandins, 
arachidonic acid, and inflammation. Science 210:978-984. 
Leung ST, Cheng Z, Sheldrick EL, Derecka K, 
Derecka K, Flint AP, Wathes DC. 2001. The effects 
of lipopolysaccharide and interleukins-1alpha, -2 and -6 
on oxytocin receptor expression and prostaglandin 
production in bovine endometrium. J Endocrinol, 
168:497-508. 



  Galvão. Immune function and uterine disease in dairy cows. 
 

322 Anim Reprod, v.9, n.3, p.318-322, Jul./Sept. 2012 

Martinez-Patino N, Risco CA, Lima FS, Bisinotto 
RS, Greco LF, Maunsell F, Galvão KN, Santos JE. 
2012. Evaluation of peripartum calcium status, energetic 
profile and neutrophil function in dairy cows at low or high 
risk of developing uterine disease. J Dairy Sci. (in press).  
Miller AN, Williams EJ, Sibley K, Herath S, Lane 
EA, Fishwick J, Nash DM, Rycroft AN, Dobson H, 
Bryant CE, 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. 
Olson JD, Ball L, Mortimer RG, Farin PW, Adney 
WS, Huffman EM. 1984. Aspects of bacteriology and 
endocrinology of cows with pyometra and retained fetal 
membranes. Am J Vet Res, 45:2251-2255. 
Opsomer G, Gröhn YT, Hertl J, Coryn M, Deluyker 
H, de Kruif A. 2000. Risk factors for post-partum 
ovarian dysfunction in high producing dairy cows in 
Belgium: a field study. Theriogenology, 53:841-857. 
Peter AT, Bosu WT, DeDecker RJ. 1989. Suppression 
of preovulatory luteinizing hormone surges in heifers 
after intrauterine infusions of Escherichia coli 
endotoxin. Am J Vet Res, 50:368-373. 
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 
pyogenes. Theriogenology, 15:573-580. 
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.  
Sheldon IM, Dobson H. 2004. Postpartum uterine 
health in cattle. Anim Reprod Sci, 82/83:295-306. 
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:e9192. 

Silva E, Gaivão M, Leitão 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.  
Skarzynski DJ, Jaroszewski JJ, Okuda K. 2005. Role 
of tumor necrosis factor-alpha and nitric oxide in 
luteolysis in cattle. Domest. Anim Endocrinol, 29:340-
346. 
Vazquez-Añon M, Bertics S, Luck M, Grummer RR, 
Pinheiro J. 1994. Peripartum liver triglyceride and 
plasma metabolites in dairy cows. J Dairy Sci,77:1521-
1528. 
Weisdorf DJ, Craddock PR, Jacob HS. 1982a. 
Glycogenolysis versus glucose transport in human 
granulocytes: differential activation in phagocytosis and 
chemotaxis. Blood, 60:888-893.  
Weisdorf DJ, Craddock PR, Jacob HS. 1982b. 
Granulocytes utilize different energy sources for 
movement and phagocytosis. Inflammation 6:245-256. 
Wyle FA, Kent JR. 1977. Immunosuppression by sex 
steroid hormones. The effect upon PHA- and PPD-
stimulated lymphocytes. Clin Exp Immunol, 27:407-
415. 
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. 
Williams EJ, DP Fischer, DE Noakes, GC England, 
A Rycroft, H Dobson, IM Sheldon. 2007. The 
relationship between uterine pathogen growth density 
and ovarian function in the postpartum dairy cow. 
Theriogenology, 68:549-559. 
Williams EJ, Sibley K, Miller AN, Lane EA, 
Fishwick J, Nash DM, Herath S, England GC, 
Dobson H, Sheldon IM. 2008. The effect of 
Escherichia coli lipopolysaccharide and tumour necrosis 
factor alpha on ovarian function. Am J Reprod Immunol, 
60:462-473. 

 
 
 


