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Summary

The objective of the current study was to evaluate the relationship between the serum macromineral,
metabolite profiles, and the clinical endometritis during the transition period in Brown Swiss dairy cows. Sixty
Brown Swiss dairy cows were used in the present study. Blood samples collected at d 10 (= 4) antepartum and 3,
10 and 30 (= 4) days in milk (DIM) to determine calcium (Ca), phosphorus, glucose, cholesterol, non-esterified
fatty acid (NEFA) levels. Beta-hydroxybutyric acid (BHB) concentration measured during the postpartum
period. Receiver operating characteristics (ROC) curves were used to determine the cow-level thresholds
for the subsequent development of clinical endometritis. In addition, pairwise comparisons were made of the
area under the curve (AUC) of ROC curves for the thresholds of NEFA, Ca, and glucose predicting clinical
endometritis. The mean Ca concentration at 3 DIM was 8.85 = 0.20 mg/dL in healthy cows compared to
8.30 + 0.22 mg/dL in cows that subsequently developed endometritis (P < 0.05). NEFA concentrations at
10 DIM and BHB concentration at 10 and 30 =4 DIM were higher (P <0.05) in cows that subsequently developed
endometritis. Serum NEFA concentration at 10 days postpartum is the best predictor for diagnosis of clinical
endometritis with the AUC values of 0.741. The cows with clinical endometritis also had significantly higher
values of glucose at 3 DIM and lower BCS at 10 DIM (P <0.05). While 58.6% of the cows that developed clinical
endometritis were cyclic, 64.5% were cyclic in healthy cows at 30 + 4 DIM. Serum NEFA concentration was
the only risk factor for clinical endometritis at 10 DIM. In addition, a decrease in serum Ca at 3 DIM and
increase in NEFA and BHB concentrations at 10 and 30 + 4 DIM may be associated with clinical endometritis
and delayed resumption activity on the ovaries.
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The peripartum period is characterized by systemic
changes that directly influence the postpartum period.
Changes in dry matter intake during the transition
period are one of the important factors that affect post-
partum health, productivity, and fertility of dairy cows
(15). Previous studies have shown that a decrease in

* This work was supported by the Ankara University Scientific Research
Projects Coordination Unit. A preliminary version of this study was presented
at the 27" International Scientific Conference in Stara Zagora, Bulgaria, 2017
Comparison of Serum Macromineral Concentrations and Metabolite Profiles in
Brown Swiss Cows That Healthy and Developed Clinical Endometritis, Congress
Proceedings, pp. 122.

feed consumption during the prepartum period is a pre-
disposing factor for suppression of immune response
and greater susceptibility to genital tract infections
(16, 17). Dairy cows mobilize body reserves during
the transition period if an energy deficit exists due to
the imbalance between energy intake and requirements.
However, the degree of fat mobilization varies for each
cow (23). The characterization of a dairy cow’s nega-
tive energy balance is mobilizing fat from the body
stores, as non-esterified fatty acid (NEFA), to utilize
energy. Beta-hydroxybutyric acid (BHB) is another
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important metabolite which helps to monitor postpar-
tum energy metabolism as well as the immune function
(16). In herd level monitoring the NEFA concentration
during the prepartum period provides an advantage
for predicting postpartum events. Moreover, BHB is
strongly associated with periparturient disorders and
increased culling rates (7, 12, 25, 36).

There are major changes in the mechanism of calci-
um (Ca) homeostasis to produce milk at the beginning
of lactation. During the dry period, the main input of Ca
is gastrointestinal absorption, but at the beginning of
lactation bone resorption increases and excretion from
feces decreases (35). Adaptation to Ca deficiency at the
beginning of lactation is not rapid enough; cows need
at least 1 to 2 days to adapt to Ca inflow. Therefore,
almost all cows experience some degree of calcium
deficiency during the begining of lactation. While the
incidence of clinical hypocalcemia is 5%, almost 50%
of cows suffer from subclinical hypocalcemia during
the periparturient period (29). However, total plasma
Ca concentration returns to normal levels within 2 to
3 days (17, 34). Decreased Ca concentration impairs
leukocyte activity, increases the rate of uterine infec-
tion and decreases reproductive performance in dairy
cows (27).

One of the most common subfertility and infertility
problems in dairy cows is clinical endometritis that is
characterized by a purulent discharge originating from
the uterus (38). The association of subclinical hypocal-
cemia, lipid metabolism, and the health of dairy cows
has been given less attention during the past decade.
Martinez et al. (26) reported that cows with subclini-
cal hypocalcemia were at greater risk of developing
metritis and endometritis. However, Chapinal et al. (7)
refuted that finding and reported that hypocalcemia is
associated with displaced abomasum. Although the
relationship between serum metabolites and fertility
parameters have been reported earlier (33), the exact
role of energy markers and ions on clinical endometritis
has not been described.

The hypothesis of the current study was that the Ca,
phosphorus (P), glucose, cholesterol, NEFA and BHB
levels, and body condition score (BCS) are associated
with the occurence of clinical endometritis. Changes in
these parameters would help to determine susceptible
animals for clinical endometritis before the clinical
signs exist during the transition period. The objective
of the current study was to clarify the relationship and
corrrelation among concentrations of ions (Ca, P) and
metabolites (NEFA, BHB, glucose and cholesterol) in
cows with and without clinical endometritis at 30 + 4
days in milk (DIM).

Material and methods

Animals, housing and diets. A total of 68 Brown Swiss
dairy cows between 2 to 3 lactations from a commercial
dairy herd in Turkey used in present study. The average
lactation milk yield of animals was 6000 kg. The Brown
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Tab. 1. Integrant of diets fed during far-off (50 to -31 d
relative to expected calving), close-up (=30 d to calving), and
early lactation

Component | Far-off | Close-up | Early lactation

Ingredient, % of DM

Vetch hay 11.58 = =
Alfalfa silage - - 9.67
Alfalfa hay 7.89 6.97 10.29
Corn silage 52.60 43.51 44.16
Wheat straw 10.52 22.25 =
Soybean meal, 48% CP - - 1.61
Concentrated feed 15.78 20.94 30.31
Limestone 0.82 2.25 1.57
Salt 0.30 - 0.26
Ammonium chloride - 1.156 -
Dicalcium phosphate 0.14 0.30 0.44
Magnesium oxide - 0.12 0.44
Magnesium sulphate 0.16 1.35 0.25
Sodium bicarbonate - - 0.7
Calcium sulphate - - 0.1
Mineral-vitamin mix* 0.21 0.17 0.2

Explanations: *contained a minimum of'4.3% Mg, 8% S, 6.1% K,
2.0% Fe, 3.0% Zn, 3.0% Mn, 5000 mg/kg Cu, 250 mg/kg of I,
40 mg/kg of Co, 150 mg/kg Se, 2200 kIU/kg of vitamin A,
660 kIU/kg of vitamin D5, and 7700 IU/kg of vitamin E

Swiss dairy cows milked two times and milk yields recorded
daily in a double 48-stall parallel milking parlor. Moreover,
they were housed in freestall resting barns that had artifi-
cial lighting and natural ventilation. Cows were fed for ad
libitum intake twice daily with a total mixed ration (TMR).
The composition of TMR that was offered during the study
period is shown in Table 1. TMR offered thrice daily with
equally split between feedings and was prepared by verti-
cal mixer feeder.

Study design. Animals were enrolled in the study at 10
(x4) days prior to expected parturition date. Animals were
divided into two groups at 30 (=4) DIM as cows that subse-
quently developed clinical endometritis (n =29) and healthy
cows (n = 31) according to gynecological examinations.
Their disease status in the postpartum period and blood
ion and metabolite concentrations were analyzed. None of
the cows received any product containing supplemental Ca
or gluconeogenic precursors, or any antimicrobial therapy
for prophylaxis. The rectal temperature of cows was mea-
sured and recorded daily during the first 10 DIM using an
electronic thermometer just after milking and vaginal dis-
charge were evaluated during the same period for diagnos-
ing metritis. The occurrence of any problem like dystocia
or diseases such as clinical ketosis, metritis, and retained
placenta during first 10 DIM were recorded in DairyPlan
(Gea®) for retreival at end of the study period.

Serum concentrations of Ca, P, NEFA, BHB, glucose
and cholesterol. Blood sampling was performed at 10 (£ 4)
days prepartum, 3, 10 and 30 (+ 4) DIM. The coccygeal
artery or vein were choosen for the collection of blood
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samples. Samples were taken into evacuated tubes without
anticoagulant. Then samples were clotted and then placed
on ice until processing. Blood samples were centrifuged
within 1 hour of collection, after that serum transferred to
another tube and frozen at —20°C until analysis. Total Ca, P,
glucose, cholesterol and NEFA concentrations were identi-
fied in all sampling days. However, serum BHB concentra-
tion were measured on postpartum sampling days. Serum
samples were analyzed for concentrations of cholesterol,
glucose, P and Ca by using an autoanalyzer (ERBA XL
600®). Commercial NEFA (NEFA-C Kit; Wako Diagnostics
Inc.) and BHB (Wako Autokit 3-HB; Wako Diagnostic Inc.)
kits were used for determination of levels by using same
device. Serum calcium limit for determination of subclinical
hypocalcemia was determined as < 8.6 mg/dl (15). Also,
energy balance was assessed by using measurements of
glucose, NEFA, and BHB as described previously (28, 31).
Metabolite concentrations as follows: NEFA > 0.3 mEq/L,
NEFA>0.7 mEq/L, prepartum and postpartum respectively
and BHB > 1.000 mmol/L postpartum.

Ovarian cyclicity and clinical endometritis. Resump-
tion of ovarian cyclicity at postpartum period was evaluated
at 30 (= 4) DIM by transrectal ultrasonography (SIUI CTS
800", equipped with 6.5-9.5 MHz linear prob). Cows with
at least one corpus luteum recorded on this day were con-
sidered to be cyclic, whereas in the absence of the corpus
luteum animals with incidental follicles smaller than 9 mm
in diameter were considered anovulatory. On the same day
of reproductive tract examination, vaginal discharge score
was evaluated based on a scoring system as previously
described. The scoring scale was: 0 for a clear or translu-
cent mucus, 1 for a mucus containing flecks of white or
off-white pus, 2 for containing < 50% white or off-white
mucopurulent material and 3 for a discharge containing
> 50% purulent material and > 1 was diagnosed as clinical
endometritis (40).

BCS and milk yield. Body condition scores were
determined using 5-point scale in 0.25-unit increments as
described previously (13) on the days of blood sampling.
Milk yield was also recorded during the study period.

Environment data. The temperature of barns together
with humidity was recorded daily for evaluation of tempera-
ture humidity index (THI). Daily maximum and minimum
temperature and THI, were calculated as described (1). THI
above 72 was indicative of heat stress.

Statistical analysis. This was an observational cohort
experiment. Cows were enrolled in weekly cohorts of 5 to
7 animals. Descriptive statistics for each variable were cal-
culated and presented as “mean + standart error of mean.”
The correlation among metabolites and ions were evaluated.
The Pearson correlation coefficient was used to determine
the correlation between BCS, concentration of NEFA, BHB,
Ca, P and glucose for each sampling period. Correlation
coefficients were considered as Strong, Moderate, and Weak
whenr>0.5,r=0.31-0.5, and r < 0.3, respectively. Linear
mixed models were applied to estimate group, day of sam-
pling and their interaction effects. The effect of group, day
of sampling and their interaction on BCS, concentrations
of NEFA, BHB, Ca, P and glucose were analyzed using the
following model with repeated measures:
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Y,

w=u+ G +D,+(GxD);+ey

where: Y, is the dependent variable; u is the overall mean;
G, is the effect of the group (i = Healthy cows and cows
that subsequently developed clinical endometritis); D; is the
effect of day of sampling (j =—10 (£ 4), 3, 10 and 30 (= 4)
days); (G x D), is the interaction between group 7 and day
of sampling j; and ey, is the residual error.

Animals within a group were assessed as a random effect,
while group, day of sampling and their interaction were
assessed as a fixed effect. When a significant difference was
revealed, any significant terms were compared by Simple
effect analysis with Bonferroni adjustment. Significance was
declared P < 0.05 in all analyses. IBM SPSS 23 (Armonk,
NY, USA) was used for analysis of the data.

Receiver operating characteristic (ROC) curves were
obtained using MedCalc version 9.2.0.1. The concentra-
tions of NEFA, BHB, Ca and glucose were evaluated with
ROC analysis to determine a critical threshold for predicting
clinical endometrisit each day of sampling. The higher area
under the curve (AUC) values related to each metabolite
and disease were determined as the most predictive critical
threshold for identication of disease. Sensitivity, specificity,
and likelihood ratios (LRs) were also calculated.

Results and discussion

While 68 animals were enrolled the study, only 60
were used for analysis at the end of the study period.
Eight animals were excluded from the study (two ani-
mals were culled by farm personel due to locomotor
sytem disorders during the first week of lactation, one
animal had a c-section, three animals had retention of
fetal membranes, and two animals were excluded due
to incomplete data collection problems). The average
minimum and maximum THIs during the study period
were 59.91 (= 8.23) and 61.71 (+ 7.44) respectively.
None of the cows experienced a Max THI greater than
72. The number of parities were not statistically sig-
nificant in healthy cows (3.1 + 1.2) and the cows with
clinical endometritis (2.9 = 1.4). Body temperatures
measured and recorded daily during the first 10 DIM
were similar among the two groups of cows (38.73
+0.02, 38.62 + 0.06 healthy and cows that developed
clinical endometritis, respectively). Although, the aver-
age milk production 30-day milk yield was frequently
lower (29 + 8.81-28 + 8.73 liter per day for healthy
cows than in cows that developed endometritis, respec-
tively), there was no significant difference among the
two groups. There are different claims about the effect
of hypocalcemia on milk yield. Although Ostergaard
and Larsen (31) did not observe any changes in milk
yield, Jawor et al. (18) observed the positive role of
hypocalcemia on milk yield of dairy cows during the
lactation. However, the mechanism underlying such
results has not been explained yet.

Although the sample size was low, the two groups
were carefully balanced according to their uterine
health so that differences in milk yield, BCS, some
blood metabolites and ions concentrations could be
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Fig. 1. Body condition score changes among groups during
the study period

observed. A uterine infection that is restricted to the
endometrium layer is called clinical endometritis and
characterized by purulent or mucopurulent discharge
after 20 DIM, or mucopurulent discharge after 26 DIM
(22). It is not clear that a negative energy balance
had a role on the severity of these changes (14). But
macromineral homeostasis during the transition period
may have influenced the metabolic and hormonal
adaptations (27). A reduced dry matter intake and im-
munosuppression in postpartum period are associated
with clinical endometritis (16, 18).

Over time, BCS and the concentrations of Ca, NEFA,
BHB, glucose, cholesterol, and P changed in both
groups (P <0.001). There was an interaction noted in
the groups over time for BCS, NEFA, BHB, glucose,
and Ca concentration. There were not any statistical
differences in BCS during the study period except at
10 DIM among the two groups as shown in Figure 1.
BCS were higher at 10 DIM in healthy cows when
compared to cows that developed clinical endometri-
tis (P < 0.05). Although, Sheehy et al. (36) reported
that BCS loss during prepartum period negatively
affects the calcium status of dairy cows, all cows that
examined peripartum period had a similar BCS. Thus,
decreased Ca concentration at 3 DIM were not related
with peripartal BCS status in present study.

Mean Ca levels during the study period are shown
in Figure 2. There was a significant difference in
mean calcium levels between the groups on 3 DIM.
Cows that have clinical endometritis on 30 + 4 DIM
previously suffered from subclinical hypocalcemia
at 3 DIM. Although NEFA levels did not show any
significant difference on prepartum 10 (+ 4), and 3,
30 (+ 4) DIM (Fig. 3), NEFA concentrations were
greater in cows that subsequently developed clinical
endometritis at 10 DIM. BHB levels were higher at
10 and 30 (£ 4) DIM in the same group as shown in
Fig. 4 (P < 0.05). Although there was a significant
difference on BHB levels, concentrations were in
the normal range. Whereas Ca is an essential ion for
myometrial smooth muscle cell contractility and all
digestive system motility (2), the exact effect of cal-
cium imbalance during the postpartum period on the
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Fig. 2. Serum Ca concentrations in healthy cows and cows
with clinical endometritits during the study period
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Fig. 3. Mean serum NEFA concentrations during the study
period in cows with or without clinical endometritits (NEFA:
non-esteried fatty acid)
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Fig. 4. Serum BHB concentrations during the postpartum
period in healthy cows and cows that developed clinical en-
dometritits (BHB: beta hydroxybutiric acid)

occurrence of endometritis is not well understood yet.
In the present study, the subclinical hypocalcemia at
3 DIM might provide conditions under which the oc-
currence of clinical endometritis at 30 + 4 DIM, and
the serum NEFA and BHB concentrations was greater
at 10 DIM in cows that subsequently developed clini-
cal endometritis. But NEFA and BHB concentrations
were in the normal range. This situation might be ex-
plained as the adipocytes stimulated calcium sensing
receptor agonists had decreased basal lipolysis and, as
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Tab. 2. Mean serum glucose, phosphorus and cholesterol concentrations among groups during the study period
Days P value
Parameters
—=10 £ 4 Antepartum 3 Postpartum 10 Postpartum 30 = 4 Postpartum Group | Time | Group x Time
Glucose (mg/dL)
Cows with endometritis 67.81+1.67° 61.88 + 3.66* 53.47£2.12 56.87 £1.99° 0.085 <0.001 0.029
Healthy cows 65.28 +1.21° 51.87 +2.76%" 50.93 +2.14° 57.78 + 2.35°
Phosphorus (mg/dL)
Cows with endometritis 6.24 +0.14° 5.50 + 0.28" 6.07 +0.20° 7.51 £ 0.56° 0.266 0.012 0.106
Healthy cows 6.29+0.17 6.00 + 0.56 5.60 +0.32 6.31+0.26
Cholesterol (mg/dL)
Cows with endometritis 93.38 + 3.45 70.23 £ 2.91° 82.00 + 4.95 113.70 + 6.23° 0.529 <0.001 0.249
Healthy cows 86.29 + 2.52° 73.16 £ 3.58° 89.77 £ 5.47° 118.38 £5.11°

Explanations: Means within a row (a-c) and column (A-B) with differ superscript letters differ significantly (P < 0.05)

a result, lipolysis may increase with Ca depletion (8).
As calcium is part of another mechanism, it is a sec-
ond messenger for energy metabolism in hepatocytes.
Calcium directly impacts the tricarboxylic acid cycle.
Even more so, under the effect of inadequate calcium
levels in the body at 3 DIM, carbohydrate metabolism
via tricarboxylic acid cycle was altered at 10 DIM and
the result was more severe energy balance (6).
Glucose levels did not show any significant differ-
ence on 10 (+ 4) antepartum, 10 days postpartum, and
30 (= 4) days postpartum. As illustrated in Table 2,
peripartum blood glucose concentrations were lower
at 3 DIM in healthy cows (P < 0.05). Hypocalcemia
impairs insulin release in dairy cows (26). Thus, sub-
clinical hypocalcemia impairs insulin secretion from
the pancreas, which increases glucose concentration
in blood by reducing the uptake of glucose by pe-
ripheral tissues (15). Although insulin levels were not
measured, the present findings support the claim that
cows suffering from subclinical hypocalcemia have
higher glucose levels at 3 DIM. Hypocalcemia has
a direct effect on immunosuppression that occurs via
depleting intracellular Ca stores in peripheral blood
mononuclear cells (24). Martinez et al. (26) reported
that subclinical hypocalcemia impaired the function of
immune cells and this may increase the risk of devel-
oping endometritis in cows, which is consistent with
the results of this study. In agreement with Bicalho et
al. (30) glucose concentration was lower in healthy
cows. Lower glucose concentration might be related
with udder production. Mammary gland use 50% to
85% of blood glucose consumption (30) and healthy
cows that produce more milk (however, statistically not
significant) will present lower glucose concentration.
There were no groups by time interactions noted in
levels of cholesterol and phosphorus concentrations,
as shown in Table 2. Cholesterol has been identified
as a precursor of ovarian steroids and decreasing total
cholesterol concentration at early lactation might im-
pair steroidogenesis and delay resumption of ovarian
functioning (38). Although the results in this study
showed no statistical differences, cholesterol levels

were relatively higher in healthy cows than cows that
subsequently developed clinical endometritis. This
condition might affect the ovarian activity in the pres-
ent study.

The P concentration was negatively correlated with
NEFA (r = -0.389; P < 0.05) and strongly correlated
with Calevels (r=0.530; P <0.005) on 10 =4 days be-
fore the expected parturition in cows that subsequently
developed endometritis. Blood glucose concentrations
on the same day were negatively correlated with blood
NEFA concentrations (r = —0.531; P < 0.005). Body
condition scores correlated with blood Ca concentra-
tion at 3 and 10 days postpartum (r = 0.406; P < 0.05;
r=0.532; P <0.005 respectively), and blood glucose
concentrations were strongly correlated with P (r=514;
P <0.005) on 3 DIM. Blood NEFA concentrations were
negatively correlated with cholesterol concentration
(r=-0.432, P < 0.05) at 10 DIM. In addition, BHB
concentrations were negatively correlated with blood
glucose levels (r = —-0.669; P < 0.05). Blood total Ca
levels were positively correlated with cholesterol (r =
0.515; P <0.005) and glucose (r = 0.648; P <0.0001)
levels on 30 (£ 4) DIM. The evaluation of the cor-
relation between some blood parameters and BCS in
healthy cows showed that total Ca concentration cor-
related with P concentrations (r = 0.579; P < 0.001)
at 10 (= 4) days prior to expected parturition. Glucose
concentrations showed negative correlation with NEFA
concentrations (r =—-0.476; P <0.05) on 10 (+ 4) days
prepartum. NEFA concentrations strongly correlated
with BHB concentrations at 3, 10 days postpartum
(r=0.847; P<0.0001; r=0.821; P <0.0001 respec-
tively). BCS were correlated with NEFA concentration
(r=10.448; P <0.05) at 30 = 4 DIM. During the same
day, BHB concentrations were negatively correlated
with glucose concentration (r =-0.541; P <0.05).

ROC analysis was perfomed to determine critical
thresholds (i.e., highest sensivity and specifity) for
glucose, NEFA, BHB, Ca and BCS in order to predict
the subsequently developed clinical endometritis.
The results of ROC curve analysis for determination
of clinical thresholds, specifity, sensivity, AUC, LR
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Tab. 3. Receiver operating characteristic (ROC) curve analysis for the determination of critical thresholds for NEFA, BHB,
calcium and glucose as predictors of clinical endometritis in Brown Swiss dairy cows. The results of ROC curve analysis of
critical NEFA, BHB, calcium and glucose thresholds for prediction of clinical endometritis tabulated and ranked by their respec-
tive AUC. Data about the levels on NEFA, BHB, calcium and glucose showing sensivity, specifity, and LR+ are also provided

Metabolite Days? Threshold® Se® %395 Cl for Se Sp! %395 Cl for Sp LR+¢ AUC' p
NEFA (mEq/L) 10 0.25 70 50.6-85.2 74.2 55.4-88.1 2.1 0.741 <0.001
BHBA (pmol/L) 10 760.69 61.5 31.6-86.0 78.6 49.2-95.1 2.87 0.626 0.247
Calcium (mg/dl) 3 9 80 61.4-92.2 45.2 27.3-64.0 1.46 0.627 0.076
Glucose (mg/dl) 3 69.6 23.3 10.0-42.3 90.3 74.2-97.8 2.41 0.545 0.543

Explanations: a — days postpartum; b — highest combined sensivity and specifity; ¢ — Se: epidemiologic sensivity; d — Sp: epidemio-
logic specifity; e — positive likelihood ratio; f — area under the curve

and P values are presented in Table 3. The LRs were
determined based on critical thresholds calculated by
univariable ROC analysis. To illusturate, LR posi-
tive (LR+) reflects the likelihood that a positive test
result (i.e., value equal or under the threshold) could
come from an animal that subsequently developed
clinical endometritis in comparison to healthy animal.
Moreover, ROC curves for critical threshold for glucoe,
NEFA, BHB and Ca predicting the endometritis are
shown in Figure 5. For predicting the endometritis,
the ROC curve for NEFA presented a higher AUC of
0.741, when compared with those of BHB (0.626),
glucose (0.520) and Ca (0.518). When compared with

100 |

Sensitivity

O | ‘ L 1 1 1 1
0 20 40 60 80 100
100-Specificity

Fig. 5. Display of ROC curves that determined the clinical
threshold for concentration of NEFA at 10 days after partu-
rition (> 0.25 mEq/L; doded line). Ca ( 9mg/dl, dashed line)
and glucose (= 69.9 mg/dl, solid line) at 3 days postpartum
predicting clinical endometritis. Pairwise comparison of AUC
values of ROC curves assigned that the difference between
AUC for NEFA and Ca (0.115; SE: 0.086;% 95 CI, —0.054 to
0.283, P=10.183); as well as the difference between glucose and
Ca (0.082; SE: 0.095;% 95 CI,—0.104 to 0.267, P=0.388); and
the difference between glucose and NEFA (0.196; SE: 0.085;%
95 CI, 0.029 to 0.363, P=0.021). The diagonal line represents
the specifity and sensivity level at which the test informative
(ROC, receiver operating characteristic; AUC, area under
the curve; NEFA, non-esterifed fatty acid; Ca, calcium; SE,
standart error; CI, confidence interval)

other metabolites, NEFA concentration at 10 days
postpartum was the best predictor for endometritis
diagnosis. Contrary to Burke et al. (4) and Dubuc et al.
(10) the results suggest that NEFA concentration is
a significant risk factor for clinical endometritis ac-
cording to ROC analysis. The high NEFA increase
proinflamatory response as well as cytokine production
(9). Thus, overproduction of proinflamatory cytokines
might suppress uterine immune response and have
arole in the occurrence of clinical endometritis in the
early postpartum period.

Approximately 64.5%, or 20 of 31 cows in the
healthy group were cyclic while 58.6%, or 17 of 29
cows were cyclic in cows that developed clinical endo-
metritis at 30 (= 4) DIM examination. The relationship
between resumption of ovarian activity and subclinical
hypocalcemia were evaluated, it was reported that cows
with subclinical hypocalcemia had delayed resump-
tion of ovarian activity (22). As previously explained
subsequent progesterone concentration was greater in
normocalcemic cows the first 3 days after parturition
in comparision to hypocalcemic cows. Additionally,
resumption of ovarian activity was earlier in normocal-
cemic cows (5). The mechanism related to the delay of
resumption in ovarian activity and subclinical hypocal-
cemia might be impaired due to blood flow to ovaries
(20) in addition to the other metabolic disturbances.
Under the effect of endometritis, delayed resumption
of ovarian activity function has been observed in dairy
cows (21, 30).

In conclusion, this study shows that NEFA concen-
tration is the risk factor for clinical endometritis, and
not Ca, BHB and glucose. Subclinical hypocalcemia
in the peripartum period might affect the occurrence
of clinical endometritis indirectly by changing some
blood metabolite concentrations and delaying the re-
sumption of ovarian activities in dairy cows.
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