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Cyvtological endometritis in dairy cows: diagnostic
threshold, risk factors, and impact on reproductive
performance
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We determined the threshold proportion of polymorphonuclear leukocytes (PMNs) for a diagnosis of cytological endometritis (CEM), the
risk factors for this condition, and its impact on reproductive performance in dairy cows. Uterine cytology was performed on 407 Holstein
cows 4 weeks postpartum to determine the proportions of endometrial cells and PMNs. A receiver operator characteristics curve was used
to determine the threshold above which the PMN proportion affected the likelihood of cows conceiving by 200 days postpartum. The optimal
threshold was = 14% PMN (sensitivity, 31.3%; specificity, 81.7%; p < 0.05). The farm identity, retained placenta (odds ratio [OR] = 1.87),
and septicemic metritis (OR = 3.07) were risk factors for CEM (p < 0.05). Cows with CEM were less likely to resume cyclicity (OR = 0.58)
and to conceive by 200 days postpartum (hazard ratio = 0.58). Cows with CEM tended (p < 0.1) to be less likely to become pregnant after
their first insemination (OR = 0.65) and to require a greater number of inseminations per conception (2.3 vs. 2.2). In conclusion, a PMN
threshold of 14% defined the presence of CEM at 4 weeks postpartum. The farm, retained placenta, and septicemic metritis were risk factors

for CEM, which reduces subsequent reproductive performance.
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Introduction

Endometritis is an important postpartum uterine disease that
results in severe economic loss because of the expense of
treatment, decreased production and reproductive performance,
and increased culling of dairy cows [3,23]. It is defined as
superficial inflammation of the endometrium in the absence of
systemic signs [4,33]. Postpartum inflammatory conditions of
the uterus commence with bacterial contamination of the
uterine lumen and the influx of polymorphonuclear leukocytes
(PMNs), which are attracted to the uterus because of the
secretion of chemokines and have a key role in the uterine
immune response [33].

Endometritis has been diagnosed by various methods, but no
universally accepted definition of the disease being established
[36]. Transrectal palpation and ultrasonography of the
reproductive tract are commonly undertaken under field
conditions [2,21,35], while evaluation of vaginal mucus to
define an inflammatory discharge through vaginoscopy or the

Metricheck tool has also been used [24,28]. A third method is
the assessment of uterine cytology, which permits
determination of the proportion of endometrial cells and PMNSs,
thereby defining cytological endometritis (CEM). Uterine
cytology may be a more accurate method of diagnosis because
it permits the differentiation of endometritis from other
reproductive tract diseases, such as vaginitis or cervicitis, thus
reducing the likelihood of making false positive diagnoses
[11,38]. Uterine cytology can be conducted by using a uterine
cytobrush, lavage, or biopsy techniques [5,10,13,21]. The
cytobrush method is more reliable than the lavage method,
because the latter results in a higher degree of cellular distortion
and is more time-consuming [20], while uterine biopsy is
considered to be more invasive and expensive, as well as
time-consuming [13].

In previous studies using uterine cytology, the optimal
threshold level above which the proportion of PMNs
significantly affected reproductive performance was evaluated
in order to define CEM [2,21]. Kasimanickam ez al. [21] set this
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threshold at > 18% PMNs at 20 to 33 days postpartum and at

> 10% PMNs at 34 to 47 days postpartum, above which the
percentage of cows becoming pregnant by 132 days postpartum
was adversely affected. Another study [2] reported a threshold
for PMNSs of > 8% at 28 to 41 days postpartum, above which
the chance of a cow becoming pregnant by 150 days postpartum
was reduced. Thus, the PMN threshold used to define CEM
could vary among herds, the timing of evaluation during the
postpartum period, and the measure of reproductive
performance employed [36].

The choices of an optimal postpartum evaluation period and
an appropriate measure of reproductive performance are both
likely to be important in defining the threshold proportion of
PMN:ss necessary for the diagnosis of CEM. Uterine involution
is complete by 25 to 30 days postpartum in normal dairy cows,
but this process can be delayed under certain conditions, such as
during uterine infection, which causes inflammation of the
endometrium [25,39,40]. Thus, the optimal time for evaluation
of the endometrial inflammatory state is likely to be at 4 weeks
postpartum, a time at which uterine involution should be
complete. On the other hand, reproductive performance of dairy
cows can be effectively evaluated by using the Cox proportional
hazard model with the PHREG procedure provided in SAS
software (ver. 9.4; SAS Institute, USA), which can be used to
estimate the chance of a cow conceiving by a given time
[2,21,24]. Thus, we hypothesized that determination of the
PMN percentage at 4 weeks postpartum, above which the
subsequent reproductive performance of the cow is
significantly impaired (defined by a reduced likelihood of
conception by 200 days postpartum), might provide the most
appropriate threshold to identify and thus control postpartum
uterine disease.

In addition, determining the risk factors for CEM, including
the biological condition of the cows and their environment (e.g.,
farm identity and calving season), might also provide useful
additional information. Therefore, the objectives of this study
were to determine the most appropriate PMN threshold for the
diagnosis of CEM, the risk factors for this condition, and its
impact on subsequent reproductive performance in dairy herds.

Materials and Methods

Animals

This study was conducted at five dairy farms, designated A-
E, located in Chungcheong Province, Korea. Each herd
consisted of between 95 and 250 cows. Cows were maintained
in loose housing systems, fed total mixed rations, and milked
twice daily. A total of 407 Holstein dairy cows (137 primiparous
and 270 multiparous) were included in the study. All
experiments were performed with the approval of the
Institutional Animal Care and Use Committee of Chungbuk
National University, Cheongju, Korea.
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Uterine cytology

Uterine cytology samples were obtained at 4 weeks
postpartum (28.3 + 0.1 days) by using a cytobrush technique
[21]. Briefly, a stainless-steel rod and cytobrush, which was
guarded by a stainless-steel sheath, were introduced into the
uterine body through the vagina and cervix. The stainless-steel
sheath was retracted to expose the cytobrush, which was then
rotated twice in a clockwise direction to obtain cells from the
endometrium. After removing the steel device from the vagina,
the cytobrush containing cellular material was rolled onto a
glass slide and air dried. All slides were stained using a
Diff-Quick stain kit (Sysmex, Japan), according to the
manufacturer’s instructions, and all slides were examined under
amicroscope (400 magnification) and by the same individual.
The numbers of epithelial endometrial cells and PMNs were
counted (up to 200 cells per slide) and the percentage of PMNs
present was calculated (Fig. 1).

Case definitions, and health and reproductive management

The definitions of the health disorders that were used in the
present study were similar to those described previously
[16,26,27,33]. Calving difficulty was ranked according to the
degree of assistance required (1 = no assistance, 2 = minor
assistance, 3 = some force required, 4 = significant force
required, and 5 = cesarean section). Cows with a calving score
> 2 were considered to have dystocia [27]. Retained placenta
was defined as the retention of the fetal membranes for longer
than 24 h [26]. Septicemic metritis was defined by the presence
of fever (= 39.5°C) and a watery, fetid uterine discharge during
the first 10 days postpartum [33]. Ketosis was diagnosed by the
following clinical signs: anorexia, depression, and the odor of
acetone on the breath [26]. Milk fever was diagnosed by the
presence of weakness and recumbency after calving [26].
Abomasal displacement was diagnosed by the detection of a

Fig. 1. Microscopic observation of the percentage of
polymorphonuclear leukocytes (PMNs) among the total number
of epithelial endometrial cells and PMNs obtained from uterine
cytology samples (A: 0%, B: 15%, C: 25%, D: 50%). Large and
small arrows indicate epithelial endometrial cells and PMNs,
respectively. Diff-Quick stain, 400 x . Scale bars = 20 um (A-D).



‘ping’ sound during abdominal auscultation [16]. All cows
received weekly reproductive health checks by the research
team, including examination of ovarian structures, follicles,
corpora lutea, and uterus by transrectal palpation and
ultrasonography.

Resumption of cyclicity within 4 weeks of calving was
evaluated by using ultrasonography and confirmed by detection
of a corpus luteum during this period. The voluntary waiting
period from calving to the first artificial insemination (Al) was
40 days. In addition to estrus detection, a herd reproductive
management program was employed. Estrus synchronization
was achieved through administration of prostaglandin F 2o
(PGF2,) or Ovsynch [30]. Ovsynch was performed by
administrating GnRH on Day 0, PGF», on Day 7, and GnRH on
Day 9. Cows that exhibited estrus naturally or after estrus
synchronization using PGF,, were inseminated according to the
am-pm rule. Cows treated with Ovsynch received timed Al.
Pregnancy diagnosis was performed 32 to 40 days after Al and
was based on transrectal palpation and ultrasonography.
Reproductive performance data were collected for a minimum
of 200 days postpartum or until pregnancy or culling.

Study design

In the first instance, a Cox proportional hazard model with
PHREG procedure was used to evaluate whether the PMN
proportion could be included as a factor affecting conception by
200 days postpartum. Then, a receiver operator characteristics
(ROC) curve was generated to assess the optimal threshold
above which the PMN proportion affected conception rate. The
PMN levels tested were 5%, 10%, 11%, 12%, 13%, 14%, 15%,
16%, 17%, 18%, 19%, 20%, and 25%.

Once the threshold for the PMN proportion was set and the
case definition was finalized for CEM, the risk factors for CEM
and its impact on subsequent reproductive performance (the
probability of resumption of postpartum cyclicity within 4
weeks of calving, probability of conception following the first
insemination, intervals between calving and first insemination
or pregnancy, and number of Als required per conception) were
determined.

Statistical analyses

Results are expressed as mean + SEM values. For statistical
analyses, calving season was defined as spring (March to May),
summer (June to August), autumn (September to November),
or winter (December to February), while cow parity was
defined as primiparous or multiparous. Statistical analyses were
performed by using the SAS software.

Cox’s proportional hazard model with the PHREG procedure
was used to analyze the proportion of cows being inseminated
for the first time by 150 days and the proportion of cows
conceiving by 200 days postpartum. This procedure provided
estimates of the chance of a cow being inseminated or
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conceiving by a given time. The time variables used in this
model were the interval in days between calving and first
insemination, and the interval in days between calving and
pregnancy. Cows that were sold, died, had not been inseminated
by 150 days postpartum, or had not conceived by 200 days
postpartum were excluded from the analyses. Cox models
included farm identity (A-E), calving season, cow parity, PMN
proportion (0%-92%), and the presence of CEM as variables.
The proportional hazard rate was determined based on
interactions between explanatory variables and time and by
evaluating Kaplan-Meier curves. The median and mean days to
first insemination or conception were determined by
undertaking survival analysis using the Kaplan-Meier model
and the LIFETEST procedure within SAS software. A survival
plot was generated by using the survival option within MedCalc
software (ver. 11.1; MedCalc Software, Belgium).

An ROC curve was constructed and the area under the curve
determined to find the threshold that yielded the optimal
combination of sensitivity and specificity for the proportion of
PMN:s that significantly affected the chance of conception by
200 days postpartum. The ROC curve was generated using the
ROC curve analysis component of MedCalc software.

The risk factors for CEM and the probabilities of resumption
of postpartum cyclicity and of conception following the first
insemination were analyzed by logistic regression using the
LOGISTIC procedure of SAS software. The logistic regression
model for the risk factors of CEM included farm identity,
calving season, cow parity, dystocia, and the presence of
retained placenta, septicemic metritis, or metabolic disorders.
The logistic regression models for resumption of postpartum
cyclicity and probability of conception following the first
insemination included farm identity, calving season, cow parity,
and the presence of septicemic metritis or CEM. Backward
stepwise regression was used in all models, and elimination
based on the Wald statistic criterion was performed when p >
0.11. Odds ratios (ORs) and 95% confidence intervals (CIs)
were determined by logistic regression. Results are presented as
percentages and ORs with their respective 95% Cls.

Analysis of the number of Als performed per conception was
carried out by using the general linear model procedure. This
model included farm identity, calving season, cow parity, and
the presence of septicemic metritis or CEM.

A p value < 0.05 was considered statistically significant,
and 0.05 < p < 0.1 was considered to indicate a tendency
toward significance.

Results

Descriptive statistics

The average PMN proportion per slide determined from 407
cytology samples from five dairy farms was 16.5 + 1.2. The 407
cytology samples were used to determine the risk factors for
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CEM, whereas 309 and 378 cytology samples were used for the
ROC curve and reproductive performance analyses,
respectively, because not all samples were accompanied by
follow-up reproductive data.

Diagnostic threshold for CEM using PMN percentage

Table 1 lists the factors affecting the chance of conception by
200 days postpartum, analyzed by applying the PHREG
procedure. Farm identity (p < 0.0001) and PMN proportion
(hazard ratio [HR] =0.99, p < 0.05) significantly affected this
outcome, while cow parity also tended to have an effect (p <
0.1). However, calving season had no effect (p > 0.1). The

Table 1. Factors affecting the chance of conception by 200 days
postpartum, analyzed by using the PHREG procedure in SAS
software

Variables Hazard ratio 95% Cl p value

Farm

A Reference

B 1.65 1.121-2.421 < 0.05

C 1.29 0.861-1.917 > 0.1

D 0.34 0.205-0.577 < 0.0001

E 0.97 0.617-1.527 > 0.1
PMN 0.99 0.987-0.999 < 0.05
Calving season > 0.1
Cow parity < 0.1

Cl, confidence interval; PMN, polymorphonuclear leukocyte (0%-92%).

likelihood of conception by 200 days postpartum was higher
(HR =1.65, p < 0.05) on farm B and lower (HR =0.34, p <
0.0001) on farm D than on farm A.

The CEM incidence, sensitivity, specificity, positive
predictive value, negative predictive value, area under the
curve, and significance level at various PMN thresholds are
presented in Table 2. The optimal threshold, which was
accompanied by the maximum sensitivity and specificity for the
PMN proportion, above which the chance of conception by 200
days was significantly affected, was 14% (Fig. 2). This
proportion was used to define CEM at 4 weeks postpartum. The

1007

80

Sensitivity (%)

0 20 40 60 80
Specificity (%)

Fig. 2. Receiver operating characteristic curve representing the
cytological endometritis threshold. The threshold was set at 14%
polymorphonuclear leukocytes at 4 weeks postpartum (sensitivity,
31.3%; specificity, 81.7%; area under the curve, 0.565; p < 0.05).

Table 2. CEM incidence, sensitivity, specificity, positive predictive value, negative predictive value, area under the curve, and

significance level (p value) at various PMN thresholds

PMN . C,EM Sensitivity (%) Specificity (%)  Positive predictive Negative predictive Area under
threshold (%) '”C'(‘;f)”ce (95% Cl) (95% Cl) value (%) value (%) oo DU
=5 41.4 27.3(19.8-35.9) 81.2 (74.8-86.6) 50.7 61.3 0.543 < 0.1
=10 33.7 28.9 (20.4-38.6) 81.0(74.9-86.1) 43.5 69.2 0.549 < 0.1
=11 33.7 28.9 (20.4-38.6) 81.0 (74.9-86.1) 43.5 69.2 0.549 < 0.1
=12 33.0 29.4 (20.8-39.3) 81.2 (75.2-86.2) 43.5 70.0 0.553 < 0.05
=13 31.7 30.6 (21.7-40.7) 81.5(75.6-86.5) 43.5 71.7 0.561 < 0.05
= 14 31.1 31.3 (22.2-41.5) 81.7 (75.8-86.6) 43.5 72.5 0.565 < 0.05
=15 30.1 31.2 (22.0-41.6) 81.5(75.6-86.4) 42.0 73.3 0.563 < 0.05
=16 29.5 30.8 (21.5-41.3) 81.2 (75.4-86.2) 40.6 73.8 0.560 < 0.05
=17 28.2 31.0 (21.5-41.9) 81.1 (75.3-86.0) 39.1 75.0 0.561 < 0.05
=18 27.2 31.0(21.3-42.0) 80.9 (75.1-85.8) 37.7 75.8 0.559 < 0.05
=19 25.2 30.8 (20.842.2) 80.5 (74.8-85.4) 34.8 77.5 0.556 < 0.1
= 20 24.3 30.7 (20.5-42.4) 80.3 (74.7-85.2) 333 78.3 0.555 < 0.1
= 25 22.3 29.0 (18.7-41.2) 79.6 (73.9-84.5) 29.0 79.6 0.543 > 0.1

CEM, cytological endometritis; PMN, polymorphonuclear leukocyte; Cl, confidence interval.
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area under the ROC curve was 0.565 (CI = 0.507-0.621). The
sensitivity and specificity for the prediction of conception by
200 days postpartum using this threshold level were 31.3% and
81.7%, respectively (p < 0.05). The prevalence of CEM using
aPMN = 14% threshold at 4 weeks postpartum was 31.1% (96
out of 309 cows).

Risk factors for CEM

A logistic regression model revealed that the identity of the
farm (p < 0.001) and the presence of retained placenta (p <
0.05) or septicemic metritis (p < 0.001) significantly affected
the incidence of CEM (Table 3). However, calving season, cow
parity, dystocia, and metabolic disorders did not have an effect
(p > 0.1). The OR for the risk of CEM was lower on farms C
(OR=0.28,p < 0.01)and E (OR=0.43, p < 0.05) than on farm
A. Cows with a retained placenta (OR = 1.87) or septicemic
metritis (OR = 3.07) had higher risks of CEM than cows without
these problems.

Impact of CEM on reproductive performance

Table 4 summarizes the ORs for variables included in the
logistic regression model for the probability of resumption of
postpartum cyclicity within 4 weeks of calving. CEM and
calving season significantly affected this outcome (p < 0.05),
while the farm, cow parity, and the presence of septicemic
metritis had no effect (p > 0.1). Cows with CEM had a lower
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probability (OR = 0.58, p < 0.05) of resumption of cyclicity
after calving than cows without CEM, whereas cows that calved
during the autumn were more likely (OR =2.29, p < 0.01) to
resume postpartum cyclicity quickly than cows that calved
during the spring. The mean interval between calving and first
insemination did not differ between cows with and without
CEM (100.7 £ 3.0 days and 91.2 £ 2.1 days, respectively; p >
0.1).

Cows with CEM were less likely to conceive after their first
insemination (OR = 0.65, p < 0.1) than cows without CEM
(Table 5), while cows with CEM tended (p < 0.1) to require
more inseminations to conceive (2.3 + 0.2) than cows without
CEM (2.2 £0.1).

Table 4. Odds ratios of variables included in the logistic
regression model for the probability of resumption of cyclicity
within 4 weeks of calving

% of resumption

Variables rate (No. of cows) Odds ratio  95% CI  p value
Farm > 0.1
Calving season

Spring 34.3 (34/99) Reference

Summer  38.8 (62/160) 1.18 0.695-1.997 > 0.1

(
(
(
(

Autumn 54.2 (45/83) 2.29 1.250-4.199 < 0.01
Winter 44.4 (16/36) 1.42 0.650-3.120 > 0.1
CEM
Table 3. Odds ratios for variables included in the logistic No 46.2 (115/249) Reference
regression model of the risk factors for CEM Yes 32.6 (42/129) 0.58 0.367-0.907 < 0.05
Cow parity > 0.1
% of CEM Septicemic metritis > 0.1
Variables  incidence Odds ratio  95% ClI p value
(No. of cows) Cl, confidence interval; CEM, cytological endometritis.
Farm
A 38.0 (30/79)  Reference Table 5. Odds ratios of variables included in the logistic
B 32.0(321100)  0.67 0.352-1.270 > 0.1 regression model for the probability of conception following the
C 15.7 (14/89) 0.28 0.131-0.600 < 0.01 L. L
D 64.1(50/78)  1.54  0.746-3.164 > 0.1 first insemination
E 18.0(11/61)  0.43  0.192-0.962 < 0.05 % of first Al
Retained placenta Variables conception rate Odds ratio  95% CI  p value
No 27.4 (89/325) Reference (No. of cows)
Yes 58.5 (48/82) 1.87 1.050-3.314 < 0.05
Septicemic metritis CEM
No 26.3 (87/331) Reference No 35.5(82/231) Reference
Yes 65.8 (50/76) 3.07 1.622-5.827 < 0.001 Yes 26.3 (30/114) 0.65 0.395-1.066 < 0.1
Calving season > 0.1 Farm > 0.1
Cow parity > 0.1 Calving season > 0.1
Dystocia > 0.1 Cow parity > 0.1
Metabolic disorders* > 0.1 Septicemic metritis > 0.1
CEM, cytological endometritis; Cl, confidence interval. *Metabolic Al, artificial insemination; Cl, confidence interval; CEM, cytological

disorders included ketosis, milk fever, and abomasal displacement.

endometritis.
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Using Cox’s proportional hazard model with the PHREG
procedure to analyze the chance of conception by 200 days
postpartum revealed that farm identity (p < 0.0001) and CEM
(HR=0.74, p < 0.05) were significant factors, and cow parity
also tended to have an effect (p < 0.1) (Table 6). However,
calving season did not affect this outcome (p > 0.1). Cows with
CEM took a median 47 days longer to conceive than cows
without CEM, as shown by the survival curves generated using
the survival option in MedCalc (Fig. 3). The chance of
conception by 200 days postpartum was greater on farm B (OR
=1.63, p < 0.05) and lower on farm D (OR =0.33, p < 0.0001)
than on farm A.

Discussion

This study determined the threshold for PMN proportion in
uterine cytological results that could be used in the diagnosis of
CEM, identified the risk factors for CEM, and determined its
impact on subsequent reproductive performance in dairy cows.
Our data show that the optimal threshold for PMN proportion of
14% was able to define CEM at 4 weeks postpartum, and that
the farm, the presence of retained placenta, and septicemic
metritis were risk factors for CEM. Furthermore, CEM
impaired reproductive performance in dairy herds.

Establishing a numerical threshold for PMN percentage for
use in defining CEM can be valuable for the monitoring of
uterine health during the voluntary waiting period. Our results
show that an increasing proportion of PMNs (0%-92%) can
significantly affect the chance of conception by 200 days
postpartum. Based on these results, we used ROC analysis to set

Table 6. Factors affecting the chance of conception by 200 days
postpartum, analyzed using the PHREG procedure in SAS
software

Variables Hazard ratio 95% ClI p value

Farm

A Reference

B 1.63 1.111-2.400 < 0.05

C 1.27 0.851-1.902 > 0.1

D 0.33 0.200-0.561 < 0.0001

E 0.97 0.619-1.532 > 0.1
CEM

No Reference

Yes 0.74 0.552-0.991 < 0.05
Calving season > 0.1
Cow parity

Primiparous Reference

Multiparous 0.77 0.591-1.012 < 0.1

Cl, confidence interval; CEM, cytological endometritis.
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an optimal PMN proportion threshold to define CEM at 4 weeks
postpartum. The threshold was set at = 14% PMN at 4 weeks
postpartum in the present study. Similarly, Kasimanickam et al.
[21] set the threshold level at > 18% PMN at 20 to 33 days
postpartum, above which the PMN proportion affected the
conception rate by 132 days postpartum. However, another
study [2] reported that the threshold should be set at > 8% PMN
at 28 to 41 days postpartum, above which the chance of
conception by 150 days postpartum was affected. The reasons
for these inter-study discrepancies are unclear. However, they
might relate to herd identity, timing of evaluation (the period of
time elapsed after calving), or the reproductive performance
parameter used. Indeed, reproductive performance depends
upon diverse factors including nutritional and healthy
management [9,17], cow productivity, and/or the environment
(climate) [8,15].

Our logistic regression model revealed that the identity of the
farm and the presence of retained placenta or septicemic
metritis were important risk factors for CEM. We found wide
variation (15.7%-64.1%) in the incidence of CEM among
farms, as reported (4.8%-52.6%) in a previous study [7]. The
great variation in the incidence of CEM among the farms
studied both in this study and previously [7] might be due to
differences in production and management practices, and/or the
environment (facilities, and/or barn conditions) [7,22,29]. The
OR (1.87) for the risk of a retained placenta in this study was
lower than the OR (4.24) in a previous study [12], whereas the
OR (3.07) for septicemic metritis in this study was higher than
the OR (2.21) reported in another study [14]. Placental retention
increases the incidence of CEM by establishing an environment

100
90 -
80 -
70-

Group
—— Cows without CEM
---- Cows with CEM

60

50

40

30 1

20 L T T T

0 50 100 150 200
Days to pregnancy

% of cows not pregnant

Fig. 3. Survival curves for the interval between calving and
conception in cows with and without cytological endometritis
(CEM). The chance of conception by 200 days postpartum was
lower (hazard ratio = 0.58; p = 0.0001) in cows with CEM than
in cows without CEM. The median and mean days to conception
were 191 and 160.6 + 4.3 in cows with CEM, and 144 and 141.2 +
3.3 in cows without CEM, respectively.



that promotes infection because retained placental membranes
provide an excellent medium for bacterial growth [6,32].
Metritis may also develop, which represents a chronic infection
of the uterus that causes uterine inflammation [24].

In the present study, CEM adversely affected subsequent
reproductive performance. A lower probability of cyclicity
resuming within 4 weeks of calving might be the result of
endocrine disturbances during the postpartum period. Bacterial
endotoxin or lipopolysaccharide suppress the release of
gonadotrophin-releasing hormone from the hypothalamus and
luteinizing hormone from the pituitary, inhibiting ovulation of
dominant follicles [19,32]. Furthermore, cows with endometritis
demonstrate slower growth of dominant follicles in the ovary
and decreased estradiol secretion [32,34] associated with
down-regulation of aromatase transcripts in granulosa cells
[18]. Our observations that cows calving during the autumn
have a higher probability of resuming cyclicity rapidly than
cows calving during the spring are consistent with the results of
previous studies [31,37]. It is likely that cows calving during the
autumn would have been exposed to more favorable
environmental conditions (e.g., temperature and humidity),
which might have resulted in higher feed intake and better
living conditions for cows. However, cows calving during the
spring, especially late spring, might have been exposed to a less
favorable environment (e.g., high temperatures and humidity),
resulting in lower feed intake.

The decreases in reproductive performance (low probability
of conception following the first insemination, more Als
required per conception, and lower chance of conception by 200
days postpartum) observed in cows with CEM in the present
study are comparable to the results of several previous studies
[1,2,13,21]. The likelihood of Al being performed by 150 days
postpartum was not affected by CEM in the present study,
which is also consistent with a previous study [2]. However,
other studies have reported that endometritis delayed the
interval between calving and first service [13,22].

In summary, the optimal PMN proportion threshold to be
used in defining CEM at 4 weeks postpartum was 14%, above
which there was a significant effect on subsequent reproductive
performance based on the chance of conception by 200 days.
This finding might provide useful guidance when monitoring
postpartum uterine health and assessing subsequent interventions
to improve reproductive performance. Improvements in
management practices aimed at controlling postpartum diseases
(such as retained placenta and septicemic metritis) are likely to
be required to prevent CEM in dairy herds.
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