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ABSTRACT. We investigated the association among endometrial hyperemia, uterine bacterial 
infection, and features of the large ovarian follicles in dairy cows. Genital organs were collected 
in a complete set at a slaughterhouse, and the degree of endometrial hyperemia was examined 
for the direct evaluation of uterine inflammation. The rate of bacterial infection in the uterus was 
higher in cows with endometrial hyperemia regardless of the severity of hyperemia, compared 
with cows without hyperemia. Moreover, the characteristics of the follicular fluid were changed 
in cows with uterine bacterial infection and included high concentrations of lipopolysaccharide 
and malondialdehyde (lipid peroxidation marker). These findings can be utilized as the basic 
information for the direct evaluation of the uterine inflammatory status in dairy cows.
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In postpartum dairy cows, inflammatory diseases of the uterus, such as metritis and endometritis, negatively affect reproductive 
performance causing significant economic burden [7, 19]. Uterine inflammation occurs due to bacterial infection after calving and 
is characterized by the accumulation of purulent discharge in the uterus and vagina. For the diagnosis of uterine inflammation, 
rectal palpation, vaginal examination using the Metricheck device or vaginoscopy, and ultrasonography have been widely applied 
[7, 12, 18, 20]. However, these methods allow only indirect evaluation of the uterine exudate and provide limited information on 
the actual inflammation of the endometrium. Thus, direct evaluation of the endometrium is necessary for the accurate diagnosis 
of uterine inflammation. Endoscopic examination of the uterus (hysteroscopy) has been used as a tool for the diagnosis of uterine 
inflammation in cows [2, 8]. Madoz et al. (2010) reported that red spots in the endometrium (indicating hyperemia) were identified 
by hysteroscopy in 33% of the cows that were diagnosed with clinical endometritis on the basis of vaginoscopy. This report 
suggests that endometrial hyperemia is associated with uterine inflammation. However, little information is available regarding the 
association of endometrial hyperemia and uterine pathological conditions, such as bacterial infection. Therefore, our study aimed 
to investigate the relationship between the degree of endometrial hyperemia and pathological status of the uterus by evaluating the 
presence of bacteria. In addition, the effect of endometrial hyperemia on the follicular function was determined by analyzing the 
characteristics of the follicular fluid taking under consideration the atretic condition, bacterial toxin accumulation, and oxidative 
stress status in cows with uterine inflammation.

Genital organs of Holstein cows (n=48) were obtained in a complete set at a local slaughterhouse. Immediately after 
slaughtering, the uterus and ovaries were removed from the animals and transported to the laboratory facility in the slaughterhouse. 
Animals in the uterine involution process after parturition were excluded from the study by determining the uterine size, shape 
(left-right symmetry), and condition of placentomes [3]. Also, animals in states of estrus with clear mucus and a preovulatory 
follicle were not included in the study. For the bacteriological analysis, the surface of the uterus was carefully cleaned and 
disinfected with 70% ethanol, and the uterine horns were incised for 10 cm along their long axis using sterile surgical scissors, at 
a distance of approximately 5 cm from the bifurcation of the horns. Subsequently, uterine swabs were obtained from each uterine 
horn using a sterile swab (BD BBL CultureSwab Plus, Japan Becton Dickinson, Tokyo, Japan) and placed in transport medium 
within 20 min after slaughtering. During incision, the uterus was grasped with sterile tweezers to avoid contamination by the 
cow’s blood. Each swab was cultured under both aerobic and anaerobic conditions at a commercial laboratory (Daiichi Kishimoto 
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Clinical Laboratory, Inc., Obihiro, Japan). Endometrial hyperemia was classified into 4 levels by the examination of the appearance 
of the endometrium, regarding the color, visibility of blood vessels, and presence and degree of swelling. In particular, score 0 
referred to no endometrial hyperemia, score 1 referred to endometrium with less than 50% of hyperemic area, score 2 referred 
to endometrium with more than 50% of hyperemic area, and score 3 referred to endometrium with more than 50% of hyperemic 
area and erosions. Representative photos of endometria classified according to endometrial hyperemia score are shown in Fig. 1. 
Endometrial hyperemia scores were not affected by the estrus stage determined by the presence and color of corpus luteum or the 
follicle size.

The follicular fluid of large ovarian follicles was aspirated by using a syringe with a 22-gauge needle and centrifuged at 1,500 
× g for 1 min at 4°C. The supernatant (follicular fluid) was stored in endotoxin-free glass tubes at −30°C until measurements 
of lipopolysaccharide (LPS), steroid hormones, or malondialdehyde (MDA) were performed. The concentration of LPS in 
the follicular fluid was measured as described in our previous study [10]. In particular, the QCL-1000 Chromogenic Limulus 
Amebocyte Lysate Endpoint Assay Kit (LAL, Lonza Walkersville, Inc., Walkersville, MD, U.S.A.) was used for LPS assessment. 
The concentrations of estradiol (E2) and progesterone (P4) in the follicular fluid were measured by enzyme immunoassay as 
previously described [14]. Standard curve ranges were 2−2,000 pg/ml for E2 and 0.05−50 ng/ml for P4. The concentrations of E2 
and P4 were obtained from the corresponding standard curve, and the ratio of E2 and P4 concentration (E/P ratio) was calculated 
and used as an indicator for follicular atresia. The intra- and inter-assay coefficients of variation averaged 5.9 and 3.2% for E2, and 
5.6 and 7.8% for P4, respectively. MDA is a marker for lipid peroxidation. Therefore, the concentration of MDA in the follicular 
fluid was measured as a parameter indicating oxidative stress levels, using the NWLSSTM MDA analysis kit (Northwest Life 
Science Specialities, Vancouver, Canada) following the manufacturer’s instructions. This assay is based on the reaction of MDA 
with thiobarbituric acid.

Statistical analyses were performed using Stat View 5.0 (SAS Institute Inc., Cary, NC, U.S.A.). The bacterial detection rate 
was analyzed by the X2 test. The E/P ratio, and concentrations of LPS and MDA in the follicular fluid were tested for significant 
differences using ANOVA, followed by the Tukey-Kramer post-hoc test for multiple comparisons. Differences were considered 
significant at P<0.05. All data are presented as mean ± standard error of the mean.

The bacteria detected in the uterus are shown in Table 1. Bacteria were detected in more cows with endometrial hyperemia 
scores 1 and 2 compared with cows with score 0 (P<0.05). Cows with score 3 were eliminated from the statistical analysis because 
of the low number of animals (n=2). Escherichia coli (E. coli) and Streptococcus group G were commonly detected in the uterine 
fluid of cows that had endometrial hyperemia scores 1, 2 and 3.

The characteristics of large ovarian follicles are shown in Fig. 2. Cows with endometrial hyperemic score 0 and uterine bacterial 
infection were eliminated from further analysis because of the low number of animals (n=2). In cows with endometrial hyperemic 
scores 1 and 2, the concentration of LPS in the follicular fluid of cows with uterine bacterial infection was higher (P<0.05) 
compared with that in the cows with endometrial hyperemia score 0 that did not have bacteria in their uterus (Fig. 2A). Moreover, 

Fig. 1. Representative photos of endometria classified according to the scoring of endometrial hyperemia. Score 0; no hyperemia, score 1; 
endometrium with 50% of hyperemic area, score 2; endometrium with more than 50% of hyperemic area, score 3; endometrium with more 
than 50% of endometrial hyperemic area and erosions. Scale bar: 5 cm.
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in cows with endometrial hyperemic scores 1 and 2, the E/P ratio in the follicular fluid was lower (P<0.05) when bacteria were 
detected in the uterus compared with that in cows with endometrial hyperemia score 0 that did not have bacteria in their uterus 
(Fig. 2B). The concentration of MDA in the follicular fluid of cows with uterine bacterial infection and endometrial hyperemia 
scores 1 and 2 was higher (P<0.05) compared with that in cows with endometrial hyperemia score 0 that did not have uterine 
bacterial infection (Fig. 2C).

In the present study, we investigated the association among endometrial hyperemia, uterine bacterial infection, and 
characteristics of large ovarian follicles in dairy cows. To the best of our knowledge, the present study is the first to provide 
evidence that the proportion of bacterial detection in the uterus is increased in cows with endometrial hyperemia compared 
with those that do not have endometrial hyperemia. Moreover, features of the follicular fluid of large follicles such as bacterial 
endotoxin LPS concentration, atretic condition, and lipid oxidation status were changed in cows with uterine bacterial infection 
regardless of the degree of uterine hyperemia.

The bacteria detection rate in the uterus was higher in cows with endometrial hyperemic scores 1 and 2 compared with those 
with score 0 (no hyperemia), although there was no difference between cows with hyperemic scores 1 and 2. This data indicate 
that the presence of endometrial hyperemia is associated with uterine bacterial infection. However, the severity of the hyperemia 
is not related with bacterial isolation. It is assumed that cows with endometrial hyperemia, but not bacterial detection might be on 
the process of recovery from the uterine infection. Most of the bacteria detected in the uterus were potential uterine pathogens or 
opportunist uterine contaminants, and their pathogenic potential is not commonly associated with uterine lesions [20, 23]. E. coli is 
one of the most prevalent pathogens causing uterine inflammation and paving the way for other bacteria to colonize the uterus [20, 
23]. E. coli was detected in cows with endometrial hyperemic scores 1, 2, and 3 but not in those with score 0, suggesting that E. 
coli infection in the uterus might be associated with preceding uterine inflammation and possibly result in endometrial hyperemia.

LPS, the cellular component of gram-negative bacteria such as E. coli, has been detected in the follicular fluid in cows with 
uterine inflammation [5, 9, 10]. Regardless of the endometrial hyperemic score, the follicular LPS concentration increased in cows 
with uterine bacterial infection, indicating that LPS accumulation in the follicular fluid has relevance to the bacterial infection in 
the uterus. However, in the present study, LPS was also detected in the follicular fluid of cows that did not have uterine infection 
by gram-negative bacteria. Our previous study demonstrated that high concentration of LPS was present in the follicular fluid 
of cows without infection by gram-negative bacteria, suggesting the accumulation of LPS in the follicular fluid long after the 
inflammation of the uterus had resolved [9]. Therefore, the findings of our previous and present studies indicate that LPS could 
have been produced by bacteria that had colonized the uterus in the past and then it was accumulated in the follicular fluid and was 
detectable even after recovery from the infection.

The E/P ratio was used to judge whether the follicles are healthy (E/P ratio >1), or atretic (E/P ratio <1). The decrease in the E/P 
ratio in cows with uterine bacterial infection suggests that uterine infection might affect the function of ovarian follicles. It must be 
noted, however, that physiological follicular atresia during the estrus cycles also decrease the E/P ratio. Decreased E/P ratio might 
be associated with the presence of LPS in the follicular fluid. We have previously shown that follicles with high LPS concentration 
had decreased E/P ratio and increased mRNA expression of caspase-3, indicating the progress of follicular atresia [10]. In addition, 
LPS inhibited E2 production by granulosa cells of bovine large follicles in vitro [5, 21].

Diseases in dairy cows, such as mastitis, metritis, and retained fetal membranes, commonly occur during the periparturient 
period, are known to exhibit oxidative stress [6, 13]. During early lactation in cows, increased production of reactive oxygen 

Table 1. Bacteria detected in the uterus in cows with endometrial hyperemic scores 0, 1, 2, and 3

Endometrial 
hyperemic score

No. of cows 
examined

No. of cows with 
bacteria detection (%) Detected bacteria (No. of isolates)

Score 0 18 3 (16.7)a) Acinetobacter lowffii (2)
Enterobacter spp. (1)

Score 1 15 8 (53.3)b) Escherichia coli (3)
Enterobacter spp. (1)
Pasteurella multocida (1)
Streptococcus group G (1)
Acinetobacter lowffii (1)
Klebsiella spp. (1)

Score 2 14 7 (50.0)b) Escherichia coli (3)
Enterobacter spp. (1)
Pasteurella multocida (1)
Streptococcus group G (2)
Acinetobacter lowffii (1)
Stenotrophomonas maltophilia (1)

Score 3 2 2 (100) Escherichia coli (1)
Streptococcus group G (1)

a, b) Values with different letters are significantly different within columns (P<0.05).
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species (ROS) coupled with increased concentration of non-esterified fatty acids enhances lipid peroxidation [1]. The measurement 
of MDA provides a convenient index of lipid peroxidation [16]. Serum MDA concentration was elevated in cows with clinical 
and subclinical endometritis [4], indicating that uterine inflammation affects the systemic production of MDA. Although there has 
been no information on the relationship between inflammatory diseases and follicular MDA concentration in cows, the present 
study demonstrated for the first time that MDA concentration increased in the follicular fluid of cows with uterine bacterial 
infection. Increased MDA in the follicles of cows with bacterial infection might be due to excessive ROS production by the 
activated neutrophils in response to the presence of LPS in the follicular fluid. It was previously reported that LPS stimulates ROS 
production by neutrophils in cows [11]. Moreover, LPS might increase MDA production by reducing the synthesis of E2 in the 
follicular granulosa cells, since E2 exerts antioxidant activity and inhibits ROS-induced apoptosis of follicular cells [15]. On the 
other hand, the mediators of oxidative stress might influence the function of granulosa cells and the quality of oocytes [17, 22].

In conclusion, the scoring of endometrial hyperemia was applied for the direct evaluation of the pathology of the uterus, and 
the presence of endometrial hyperemia was associated with uterine bacterial infection. The follicular characteristics were altered 
in cows with bacterial infection in the uterus regardless of the severity of hyperemia and included high LPS concentrations of LPS 
and MDA. These findings can be utilized as the basic information for the direct evaluation of the uterine inflammatory status in 
dairy cows.
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