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Abstract

Clinical endometritis (CE) is a major cause in affecting the reproductive performance of dairy cows. The
objectives of this study were to ascertain the prevalence of CE and to evaluate the effect of CE on
reproductive performance in dairy cows using vaginal discharge score (VDS) grading system. 803 dairy
cows were examined by vaginoscope with 4-point VDS at 26 + 3 days in milk (DIM) and classified into six
groups: non-endometritis with VDS 0 (control; CON), endometritis with VDS 1 (MEM), non-treated
endometritis with VDS 2 (NTME), treated endometritis with VDS 2 (TME), non-treated endometritis with
VDS 3 (NTPE), and treated endometritis with VDS 3 (TPE). Cows in TME and TPE groups were treated with
200 mL of 50% dextrose solution by intrauterine infusion. The prevalence of CE was 33% at 26 + 3 DIM.
Binary logistic regression analysis revealed cows in MEM, NTME and NTPE groups had a less likelihood of
first artificial insemination (Al) pregnancy than those in CON group (P < 0.05). Kaplan-Meier survival curves
for days open were statistically different (P = 0.004). In Cox regression model, cows in NTME and NTPE
groups had a reduced pregnancy rate than those in CON group (P < 0.05). The hazard of pregnancy in
NTME group was lower than that in TME group (P = 0.044). Similarly, it was lower for the hazard of
pregnancy in NTPE group than in TPE group (P = 0.048). Cows in MEM, NTME, and NTPE groups required
more services per pregnancy than those in CON group (P < 0.05). In conclusion, CE examined by the VDS
grading system impaired reproductive performance, and mild endometritis with VDS 1 should be treated
in the early postpartum period to ameliorate fertility in dairy herds.
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Introduction

Reproductive performance is a key factor in determining the profitability of dairy
production management (Fourichon et al., 2000; LeBlanc et al., 2002a). Clinical endometritis
(CE) is a common cause of reduced reproductive efficiency in dairy cows, which is characterized
by the presence of mucopurulent or purulent uterine exudate in the vagina for 21 days or more
post partum, and without systemic signs (Sheldon et al., 2006; Dubuc et al., 2010a). The
morbidity of CE in dairy cows ranges from 6.7% to 47.0% (Bicalho et al., 2010; Dubuc et al.,
2011). Several studies have suggested that multiple risk factors for CE include perineum
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Using VDS to evaluate effect of CE on performance

hygiene at the time of calving, peripartum metabolic status, retained placenta, dystocia, twins,
and parity (Foldietal., 2006; LeBlanc, 2008; Sheldonetal., 2009; Dubucetal., 2010b;
Schuenemann et al,, 2011). Diagnosis and treatment of CE, and its potential impact on
reproductive performance, have attracted considerable attention from dairy farmers and
veterinary practitioners.

Techniques used to diagnose endometritis include transrectal palpation, a gloved hand,
ultrasonography, vaginoscopy, the Metricheck device, endometrial biopsy, and endometrial
cytology (Bonnett et al., 1993; Kasimanickam et al., 2004; McDougall et al., 2007; Pleticha et al.,
2009; Dubuc et al., 2010a; Leutert et al., 2012), which allow a given prognosis for impaired
subsequent fertility. Endometrial biopsy is the perfect method to diagnose endometritis and
has been associated with a detrimental effect on fertility (Bonnett etal.,, 1991), but this
technique is expensive and time-consuming, and not clinically accessible in most cases
(Sheldon et al., 2006). Endometrial cytology is more practical and has been suggested as the
definitive diagnosis of subclinical endometritis (Kasimanickam et al., 2004). A previous study
suggested cervical diameter greater than 7.5 cm diagnosed by transrectal palpation was used
as an additional predictive value for decreased fertility (LeBlanc et al., 2002b). However, the
sensitivity and specificity of this method are low for endometritis diagnosis (LeBlanc, 2003;
Dubuc et al.,, 2011) and its findings have little association with fertility (Sheldon et al., 2006;
McDougall, 2010).

In clinical practice, an accurate diagnosis of CE is based on the presence of uterine pus in
the vaginal discharge (Sheldon and Noakes, 1998; LeBlanc et al., 2002b). A common method
used to examine vaginal discharge is vaginoscopy based on vaginal discharge score (VDS)
(LeBlanc et al., 2002b; Williams et al., 2005; Sheldon et al., 2006). The VDS grading system was
established by Williams et al. (2005) and vaginal discharge was scored using a 0 to 3 scale: VDS
0 = no or clear mucus (non-endometritis); VDS 1 = discharge containing flecks of white or off-
white pus (mild endometritis); VDS 2 = discharge containing less than 50% white or off-white
mucopurulent pus (mucopurulent endometritis); and VDS 3 = discharge containing more than
50% white or yellow purulent pus (purulent endometritis). The character score of vaginal pus
can well reflect the presence of certain bacteria in the uterus, whereby cows with higher VDS
were more likely to have A. pyogenes, F. necrophorum and Proteus species (Huszenicza et al.,
1999; Williams et al., 2005; Westermann et al., 2010). Mucopurulent or purulent endometritis
detected by vaginoscopy has been associated with reduced reproductive performance
(LeBlanc et al.,, 2002b). Mild endometritis is not associated with the presence of higher
numbers of pathogenic bacteria in the uterus, but the effects on the reproductive performance
of dairy cows are still controversial, particularly whether cows with VDS 1 require treatment or
not (LeBlancetal.,, 2002b; Williams et al.,, 2005; Barlund et al.,, 2008; Leutertetal., 2012;
Okawa et al., 2017). Although the VDS grading system has been applied to diagnose CE and to
estimate reproductive prognosis in dairy cows in western industrialized countries, it is still
disputable whether the findings of this method can predict the reproductive performance in
dairy herds in other countries or regions because of differences in herd health management,
environment and breeding levels. The information regarding its effectiveness in the
assessment of reproductive performance in dairy herds in China is limited. Hence, the main
objectives of this study were 1) to ascertain the prevalence of CE, and 2) to evaluate the effect
of CE on subsequent reproductive performance of dairy herds using the VDS grading system
in China. Our hypothesis was that the VDS grading system based on the characteristics of
uterine pus in the vagina could better anticipate fertility.

Materials and methods

Animals and feeding management

This study was conducted between October 2018 and October 2019 in three commercial
herds with similar management practices in the Zhangye region of northwest China (100°27'21"
E; 38°56'11" N). In total, 803 lactating Holstein cows (256 cows in herd A, 281 cows in herd B,
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266 cows in herd C) were examined for CE at 26 + 3 DIM. The parity ranged from one to seven.
All cows were housed in free-stall barns and bedded with sand. Additionally, all cows were non-
seasonal, milked three times daily at approximately eight hours intervals. The average milk
production varied between 8,020 and 10,100 kg/cow/year, with 4.2 percent fat and 3.4 percent
protein. In three herds, cows were fed twice daily with a diet of total mixed ration consisting of
corn silage, alfalfa, concentrates and had free access to fresh water. Particularly, the voluntary
waiting period (VWP) in each herd was set at 40 days postpartum.

Experimental design

Biweekly, a list of dairy cows at 26 + 3 DIM was obtained from on-farm computer records
and each herd was visited on a fixed day. Briefly, all cows were restrained using headlocks
within the pen immediately after milking for assessment of body condition score (BCS) and
diagnosis of CE. Once the cow was in the headlock, BCS was examined by an investigator for
changes along a 1 to 5 scale, using .25-unit increments (Edmonson et al., 1989). For this visual
technique, a score of 1 indicated an emaciated condition, and a score of 5 indicated an obese
condition. And then, the tail of cow was held to one side by a farmer, the perineum area was
thoroughly wiped with dry paper to remove fecal material and disinfected with 75% ethanol
and vaginoscope (Hauptner and Herberholz GmbH & Co. KG, Solingen, Germany; length:
30 cm, diameter: 2.2 cm) was moistened with 0.9% sodium chloride solution, and inserted into
the vagina up to the level of the external os of the cervix. The cervix and vagina were visually
inspected for the presence and quality of discharge with the help of a flashlight (Leutert et al.,
2012). The examination lasted for 10 to 30 s/cow. The character of vaginal mucus was scored
with VDS 0 to 3 and recorded. Cows diagnosed with VDS 0 were considered healthy and cows
diagnosed with VDS 1 to 3 were considered to have CE. Both BCS and the vaginoscopy were
performed by the same investigator.

To determine the impact of CE on reproductive performance, according to the vaginal
mucus character scores (Figure 1), cows were allocated randomly into six groups: non-
endometritis with VDS 0 (control; CON group); non-treated, mild endometritis with VDS 1 (MEM
group); treated, mucopurulent endometritis with VDS 2 (TME group); non-treated,
mucopurulent endometritis with VDS 2 (NTME group); treated, purulent endometritis with VDS
3 (TPE group); and non-treated, purulent endometritis with VDS 3 (NTPE group). Clinically
healthy cows with VDS 0 received no placebos. Cows with VDS 1 received no further treatment.
Cows with VDS 2 or 3 were subdivided into subgroups: one was treated with intrauterine
infusion of 200 mL of 50% dextrose solution (Sheng'Ao Animal Pharmaceutical Co., Ltd. Shanxi,
China), whereas the other subgroup was treated without intervention. The details of the
treatment protocol of dextrose and its effects were reported elsewhere (Brick et al., 2012;
Maquivar et al., 2015; Ahmadi et al., 2019). After 14 days therapy, vaginal discharge was re-
evaluated at 40 + 3 DIM using the same VDS grading system previously described. Cows that
had no or clear mucus discharge (VDS 0) were considered to recover from CE. After treatment
and re-evaluation, all cows followed the normal herd reproductive management practices in
the breeding period.

Figure 1. Typical samples of vaginal mucus character score. VDS 0: no or clear mucus; VDS 1: discharge
containing flecks of white or off-white pus; VDS 2: discharge containing less than 50% white or off-white
mucopurulent pus; and VDS 3: discharge containing more than 50% white or yellow purulent pus.
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Reproductive management started at 40 days after postpartum, all cows were received
intramuscular injection of a dose of PGF2a (25 mg, Lutalyse; Zoetis Belgium SA). During the
following 14 days, estrus was detected once daily and those showing signs of standing estrous
behavior were received artificial insemination (Al). Cows that were not in estrus received a
second dose of PGF2a 14 days later and were inseminated 12 hours after estrus detection.
Eleven days after the second injection of PGF2aq, cows that still did not display estrous behavior
were enrolled in a timed-Al (TAl) protocol. The initial intramuscular application of GnRH (100
pg, Gonadorelin; Sansheng Biological Technology Co., Ltd. Ningbo, China) was followed 7 days
later by an injection of PGF2a and 56 hours later, cows were administered the second dose of
GnRH and were timed artificially inseminated 16 to 18 hours later (Figure 2). Additionally, non-
pregnant dairy cows at the time of pregnancy diagnosis were re-enrolled in a TAl protocol as
described previously. Pregnancy diagnosis was made 35+ 3 d post-Al via transrectal
ultrasonography and reconfirmation of pregnancy was made 65 + 3 d post-Al.

Calvi Dis i N
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Figure 2. Scheme of the experimental design. PG: prostaglandin; G: GnRH; TAl: Timed artificial
insemination; PD: Pregnancy diagnosis; RP: Reconfirmation of pregnancy; END: Pregnancy until 200 DIM.

The following outcomes were measured to assess reproductive performance: days to first
Al (interval from calving to first artificial insemination), first Al pregnancy rate (number of cows
pregnant after first Al divided by the number of cows inseminated x 100), service per pregnancy
(the average number of artificial inseminations until pregnancy), days open (interval from
calving to pregnancy), and pregnancy rate (number of cows documented to be pregnant by
200 DIM divided by the number of cows enrolled x 100). All diagnoses and treatments were
documented in the case of reported forms. At the end of the study, reproductive data of
individual dairy cows were collected until at least 200 days after parturition.

Statistical analysis

Data were analyzed using SPSS (version 22.0, IBM SPSS Statistics; New York, USA). An
exploratory analysis was initially performed to ascertain the incidence of CE of dairy cows
diagnosed with VDS of 1 to 3 at 26 + 3 DIM. A binary logistic regression was obtained to evaluate
parity and BCS as risk factors for CE. The results for days to first Al and service per pregnancy
of the studied cows were analyzed using Kruskal-Wallis test. A binary logistic regression was
utilized to estimate the risk of pregnancy after first Al. In the models, days to first Al pregnancy
was dependent variable and the following were considered as independent variables:
treatments, parity and BCS. Kaplan - Meier test was obtained to estimate days open in different
treatments and the equality of different survival curves was compared by the log-rank test. A
Cox regression was fitted to estimate the hazard of pregnancy within 200 DIM. In the models,
the time variable was the interval in days from calving to pregnancy and the explanatory
variable included treatments, parity and BCS. BCS at 26 + 3 DIM was classified as < 2.75 and =
3.0; parity was classified as primiparous and multiparous. Observations were censored, if cows
that were not pregnant or never inseminated at 200 DIM. We reported adjusted odds ratios
(OR), hazard ratios (HR), confidence intervals (Cl) and P values. In this study, Cl was set at 95%
for logistic regression and survival analyses, and P < 0.05 was considered significant for all
statistical analyses.
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This study was approved by the Ethics Committee for Animal Experimentation of the Gansu
Agricultural University (protocol number 29/2018).

Results

Initially, 803 enrolled dairy cows were screened for CE at 26 + 3 DIM, and data from 42 cows
were excluded from the analysis because cows were culled or died from other causes of illness
(n=31), or any other incomplete information that may influence the results (n = 11) during the
study period. Finally, 761 enrolled dairy cows were available for further statistical analysis of
reproductive performance, with 506 (66.5%) being classified as CON group, 99 (13%) as MEM
group, 39 (5.1%) as NTME group, 45 (5.9%) as TME group, 34 (4.5%) as NTPE group, and 38 (5%)
as TPE group; 268 for primiparous cows and 493 for multiparous cows; 264 for cows with BCS
< 2.75 and 497 for cows with BCS = 3.0.

Prevalence of endometritis

The prevalence of CE diagnosed by the VDS grading system was shown in Table 1. The
overall prevalence of CE was 33% at 26 + 3 DIM in three commercial dairy herds, of which VDS
1,VDS 2 and VDS 3was 12.9%, 10.8% and 9.3%, respectively. The incidence of CE was equivalent
in individual herds, which was 34%, 36.3%, and 28.9%, respectively. The parity proved to be a
risk factor (P < 0.001) for endometritis, with OR of 1.765, suggesting that the chance of a
multiparous cow was 1.765 times higher to present endometritis than a primiparous cow.
There was no significant difference in endometritis between cows with BCS < 2.75 and cows
with BCS = 3.0 (OR = 1.286, P = 0.114).

Table 1. Prevalence (%) of different degrees of VDS of dairy cows at 26 + 3 DIM in three commercial
dairy herds considering parity and BCS.

Outcome VDS 0 VDS 1 VDS 2 VDS 3

Herds

A, n=256 66.0 13.7 10.9 9.4
B, n =281 63.7 14.2 11.7 10.3
C, n=266 71.1 10.9 9.8 8.3
Parity

Primiparous, n = 288 74.7 10.8 7.3 7.3
Multiparous, n =515 62.5 14.2 12.8 10.5
BCS

<2.75,n=284 70.4 12.7 8.1 8.8
>3.0,n=519 64.9 13.1 12.3 9.6

VDS 0: no or clear mucus; VDS 1: discharge containing flecks of white or off-white pus; VDS 2: discharge containing less
than 50% white or off-white mucopurulent pus; VDS 3: discharge containing more than 50% white or yellow purulent
pus; BCS: Body condition score.

Effect of CE categorized using VDS grading system on reproductive performance

Binary logistic regression analysis for the likelihood of the first Al pregnancy rate was shown
in Table 2. The first Al pregnancy rate in CON group was 38.3%, 26.2% for MEM, 17.1% for
NTME, 34.8% for TME, 16.7% for NTPE, and 33.3% for TPE. Cows in MEM, NTME, NTPE groups
had a less likelihood of first Al pregnancy rate compared with cows in CON group (OR = 0.601,
P = 0.037; OR = 0.409, P = 0.029; OR = 0.314, P = 0.012, respectively), while there were no
significant differences between the other groups. Additionally, the first Al pregnancy rate was
44.4% and 31.6% in primiparous cows and multiparous cows, respectively. Multiparous cows
had an OR for the first Al pregnancy of 56.3% (P < 0.001), or a 44.7% reduction in the first Al
pregnancy rate than primiparous cows. The first Al pregnancy rate was higher for cows with
BCS = 3.0 than cows with BCS < 2.75 (OR = 1.481, P = 0.020). The days to first Al were 73.4 +
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13.5 days, 76.1 + 18 days, 78.4 + 19.1 days, 74.5 +11.9 days, 78.5 + 16.8 days, and 73.6 + 14.8
days in CON, MEM, NTME, TME, NTPE and TPE groups, respectively. There was no significant
difference for days to first Al between the groups (P = 0.267).

Table 2. Results of binary logistic regression analysis for the likelihood of first Al pregnancy in dairy cows
examined for CE at 26 + 3 DIM, including treatments, parity, and BCS as covariates.

Pregnancy after first Al

Explanatory variable

OR 95% CI P-value
CON Reference Reference Reference

MEM 0.601 0.373-0.969 0.037
NTME 0.409 0.183-0.914 0.029
TME 0.821 0.432-1.563 0.549
NTPE 0.314 0.127-0.778 0.012
TPE 0.829 0.410-1.677 0.601
Parity 0.563 0.409-0.776 <0.001
BCS 1.481 1.063-2.062 0.020
Constant 0.741 0.057

Al: artificial insemination; OR: Odds Ratios; Cl: Confidence Intervals; P: Probability; CON: non-endometritis with VDS 0;
MEM: mild endometritis with VDS 1; NTME: non-treated, mucopurulent endometritis with VDS 2; TME: treated,
mucopurulent endometritis with VDS 2; NTPE: non-treated, purulent endometritis with VDS 3; TPE: treated, purulent
endometritis with VDS 3; BCS: Body condition score.

Kaplan-Meier survival curves for days open of different treatment groups were shown in
Figure 3. The survival curves in different treatments were statistically different (P = 0.004). The
survival time of pregnancy (days open) of 25% of CON group was 67 days (n = 506, 5.8%
censored), 83 days (n =99, 4.8% censored) for MEM, 122 days (n = 39, 5.1% censored) for NTME,
79 days (n = 45, 2.2% censored) for TME, 124 days (n = 34, 5.9% censored) for NTPE, and 74
days (n = 38, 2.6% censored) for TPE, indicating a 55-day delay to achieve the same percentage
of pregnant cows in NTME group compared to CON group, 57-day delay in NTPE compared to
CON group, 43-day delay in NTME compared to TME group, 50-day delay in NTPE compared to
TPE group.
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Figure 3. Kaplan-Meier survival curves for time to pregnancy (days open) for dairy cows with different
treatments.

Anim Reprod. 2021;18(1):e20200228 6/12



Using VDS to evaluate effect of CE on performance

The results of Cox regression analysis for the hazard of pregnancy within 200 DIM were
shown in Table 3. The pregnancy rate of cows in CON group was 72.1%, 63.6% for MEM, 51.3%
for NTME, 68.9% for TME, 50.0% for NTPE, and 68.4% for TPE. Cows in NTME group had a HR
for the pregnancy of 0.558 (P = 0.011), or a 44.2% reduction in pregnancy rate relative to those
in CON group. Cows in NTPE group had a reduced pregnancy rate than those in CON group
(HR =0.516, P = 0.008). The hazard of pregnancy in NTME group was lower than that in TME
group (HR =0.558, P = 0.044). Similarly, it was lower for the hazard of pregnancy in NTPE group
than in TPE group (HR = 0.533, P = 0.048). The hazard of pregnancy in the CON group was not
significantly different from the other groups. Additionally, The pregnancy rate was 84.3% and
60% in primiparous cows and multiparous cows, respectively. The pregnancy regression
coefficient showed that the hazard of pregnancy for multiparous cows was only 56.4% of that
of primiparous cows (HR = 0.564, P < 0.001). The factor BCS showed no significant difference
of pregnancy between levels (HR = 1.106, P = 0.283). Services per pregnancy were 1.8 + 1.1 for
CON group, 2.2 + 1.4 for MEM, 2.4 + 1.4 for NTME, 2 + 1.3 for TME and 2.5 + 1.5 for NTPE, and
1.9+ 1.1 for TPE. Cows in MEM, NTME and NTPE groups required a significantly higher service
per pregnancy to become pregnant as compared to CON group (P = 0.014; P=0.04 and P =
0.035, respectively).

Table 3. Results of Cox regression analysis for the hazard of pregnancy at 200 DIM in dairy cows
examined for CE at 26 + 3 DIM, including treatments, parity, and BCS as covariates.

Pregnancy until 200 DIM

Explanatory variable

HR 95% CI P-value
CON Reference Reference Reference
MEM 0.808 0.618-1.057 0.120
NTME 0.558 0.355-0.877 0.011
TME 0.953 0.659-1.378 0.799
NTPE 0.516 0.317-0.840 0.008
TPE 0.927 0.622-1.380 0.708
Parity 0.564 0.471-0.676 <0.001
BCS 1.106 0.920-1.329 0.283

DIM: Days in milk; HR: Hazard Ratios; Cl: Confidence Intervals; P: Probability; CON: non-endometritis with VDS 0; MEM:
mild endometritis with VDS 1; NTME: non-treated, mucopurulent endometritis with VDS 2; TME: treated, mucopurulent
endometritis with VDS 2; NTPE: non-treated, purulent endometritis with VDS 3; TPE: treated, purulent endometritis with
VDS 3; BCS: Body condition score.

Discussion

This study is one of the few trials to ascertain the prevalence of CE and to investigate the
association between CE and subsequent reproductive performance in postpartum dairy cows
using the VDS grading system in China. The overall prevalence of CE in the present study (33%)
was almost similar to that in the previous study (36.8%) by Pleticha et al. (2009) using
vaginoscopy conducted under comparable housing conditions but slightly lower than other
previous studies (42.6%) (Leutertetal., 2012). In our study, VDS 1 was defined as mild
endometritis and included in the overall prevalence of endometritis, which was consistent with
some previous studies (Pleticha et al., 2009; Okawa et al., 2017), but other studies defined VDS
1 as healthy (LeBlanc et al., 2002b; Barlund et al., 2008).

The VDS 2 and 3 were explicitly defined as having a certain percentage of uterine pus in
vaginal discharge, whereas VDS 1 was not specified a specific percentage (Williams et al., 2005).
Previous studies suggested cows with a VDS 1, 2, and 3 were classified as having CE and
required treatment (Pleticha et al., 2009; Okawa et al., 2017). However, other studies showed
that cows with VDS 1 were not being associated with reduced pregnancy rate and thus as
healthy (LeBlanc et al., 2002b; Barlund et al., 2008; Westermann et al., 2010). A publication by
Gautam et al. (2010) also suggested that the presence of mild endometritis with VDS 1 did not
have a detrimental effect on reproductive performance, and that the most cases of mild
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endometritis might recover spontaneously by the physiologic self-healing capacity of the
uterus. It is unknown whether cows with VDS 1 should require treatment or not. Based on the
previous literature, we hypothesized that cows with VDS 1 had the ability to recover
spontaneously and need no further intervention. In our observations, however, cows with VDS
1 had a lower pregnancy rate after first Al and required more services per pregnancy as
compared to the healthy cows. The effect of CE on reproductive performance was also
evaluated by Okawa et al. (2017). In their study, cows with VDS 1 that did not receive treatment
required a significantly higher number of Al to become pregnant and showed lower
reproductive efficiency. The absence of uterine pus in the vagina does not always reflect the
absence of infection in the uterus and normal reproductive function (Sheldon et al., 2006).
Based on the current results, we speculate that some cases diagnosed with VDS 1 may fail to
fully recover through the self-healing ability of the uterus, and may have developed into
persistent mild endometritis or severe endometritis, which caused decreased fertility.
Furthermore, since there is no golden standard for determining endometritis in clinical practice
in this field, some cows classified as having mild endometritis by the VDS grading system may
have had subclinical endometritis (Okawa et al., 2017). Previous studies provided clear
evidence that subclinical endometritis is characterized by the absence of pus in the vagina at
the early stage, and is related to the decrease in pregnancy rate after first Al and overall
(Kasimanickam et al., 2004; Gilbert et al., 2005). In the present study, however, cows with VDS
1 were not further examined for subclinical endometritis. Thus, we should consider the
existence of subclinical endometritis in the early postpartum period when evaluating the
effects of endometritis detected by the VDS grading system on reproductive performance in
clinical practice. Overall, we hold the opinion that mild endometritis with VDS 1 has a negative
impact on the reproductive performance of dairy cows in the early postpartum period and
therefore requires treatment to ameliorate uterine health and fertility.

The present study confirmed findings that endometritis with VDS 2 or 3 has a significant
adverse impact on subsequent fertility and the reproductive efficiency in dairy cows decreased
with an increasing VDS. The substantial impairments of reproductive performance were
reflected in the reduction in the first Al pregnancy rate, the delay in open days, the increase in
services per pregnancy and the reduction in pregnancy rates by the end of the study, which
were in alignment with previous observations (LeBlanc et al., 2002b; McDougall et al., 2007;
Gautam et al., 2009). In our study, 26 + 3 DIM was set as the standard days for evaluating the
impact of endometritis on reproductive performance, whereas in other studies, different
postpartum intervals were selected as the evaluation days. LeBlanc et al. (2002b) showed that
cows with VDS 2 and 3 took 27% longer to become pregnant than cows without endometritis
between 20 and 33 DIM. In other study, cows with clinically relevant endometritis were always
associated with reduced pregnancy rate within 60 days postpartum period (Gautam et al.,
2009). Furthermore, McDougall et al. (2007) reported that cows with VDS 2 or more had a lower
probability of pregnancy after first Al and took longer to conceive at 35 days before the start
of the seasonal breeding programme. It is obvious that the different postpartum intervals of
diagnosis at examinations don't alter the negative impacts of CE on reproductive performance.
Therefore, we suggest that affected cows require treatment to improve reproductive efficiency
when endometritis with VDS 1 to 3 is detected in dairy cows using the VDS grading system at
any time during the postpartum period.

The treatment employed here was the intrauterine infusion of a hypertonic solution of 50%
dextrose in cows with VDS 2 and 3. Some researchers believed that utilizing the hypertonic
solution of 50% dextrose as a non-antibiotic treatment in dairy cows with endometritis
improved uterine health by inhibiting local bacterial growth, increasing uterine tone, reducing
the water activity of bacteria and nurturing endometrial cells (Brick et al., 2012; Maquivar et al.,
2015; Ahmadi et al., 2019). In the present study, cows diagnosed with VDS 2 and 3 that were
treated with dextrose increased pregnancy rate at 200 DIM, and shortened intervals in
achieving the same percentage of pregnancy as compared to those that were untreated, which
had a very similar reproductive performance to healthy cows. Brick et al. (2012) reported that
intrauterine infusion of 50% dextrose increased the first Al pregnancy rate of CE cows
compared with receiving ceftiofur hydrochloride subcutaneously behind the ear. Arandomized
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clinical study showed that administration of dextrose in cows with mucopurulent or purulent
vaginal discharge alone improved the proportion of clinical cure, resumption of postpartum
estrous cycle, and pregnancy per Al compared with untreated cows at 26 + 3 DIM
(Maquivar et al., 2015). A study showed that days open and pregnancy rate before 200 DIM of
CE cows treated with dextrose were equivalent to those of healthy cows (Ahmadi et al., 2019).
However, a previous study had also reported the potential effects of dextrose infusion on the
cure rate and reproductive performance of dairy cows during lactation (Machado et al., 2015).
Unlike our findings and other studies, they reported that intrauterine infusion of 50% dextrose
solution was a noneffective approach for curing CE and had no effect on first Al conception
rate, pregnancy maintenance and calving to conception interval. The difference in these
observations regarding the effect of dextrose infusion on the reproductive performance of
dairy cows may be caused by the difference of diagnostic criteria for CE based on the VDS
grading system. In Brick et al. (2012) study, they observed the vaginal discharge diagnosed
using the vaginoscopy with a VDS 0 to 3 scale that did not take into account vaginal contents
composed of less than 50% purulent content, which was similar to the gloved hand technique
employed in previous studies by Maquivar et al. (2015) and Ahmadi et al. (2019), whereas in
the study by Machado et al. (2015), the vaginal discharge was scored by a Metricheck device
with a VDS 0 to 5 scale and any presence of pus beyond flecks in vaginal discharge was
diagnosed as CE. Despite that, our current study suggests administration of intrauterine
dextrose improves the reproductive performance of dairy cows with CE.

The incidence of endometritis and the reproductive performance of dairy cows are
significantly associated with parity and BCS. There are differences in the reviews regarding the
effects of parity on the incidence of endometritis. Previous studies showed there was no
association between the parity and prevalence of endometritis (Gilbertetal., 2005;
Hendricks et al., 2006). In contrast, Runcimanetal. (2008) found the prevalence of
endometritis was greatly associated with cows in primiparous parity. However, in present
study, multiparous cows at examination were associated with a higher risk of endometritis;
similar results were shown by previous studies (LeBlanc et al., 2002b; Machado et al., 2015).
The cause for the higher prevalence of endometritis in multiparous cows is not clear. The
possible explanation is that an increased incidence of endometritis may be related to an
impairment of neutrophil function with age (Lee and Kim, 2006). In addition, we observed that
multiparous parity at examination was associated with reduced pregnancy rate after first Al
and reduced pregnancy rate at 200 DIM, which was consistent with the results of Pleticha et al.
(2009). In the present study, there was no significant effect of BCS on the prevalence of
endometritis, consistent with the results of previous studies (LeBlancetal., 2002b;
Gautam et al., 2009). However, the increased risk of endometritis was associated with a low
BCS in seasonally calving dairy herds (Runciman et al., 2008). There was a significant reduction
in pregnancy rate after first Al in cows with low BCS, which was in accordance with the results
of McDougall et al. (2013). However, BCS at examination was not associated with a reduction
in pregnancy rate at 200 DIM. One possible explanation is that this is related to increased
energy intake in dairy cows during lactation management, which may be conducive to
improving reproductive efficiency. Our current results indicate that the higher incidence of
endometritis is associated with multiparous parity and the reduction in reproductive
performance is associated with multiparous parity and low BCS.

The difficulty in assessing the impacts of CE on reproductive performance lies in achieving
higher accuracy of diagnosis. In the field, any diagnostic methods based on vaginal discharge
for endometritis are unlikely to reach 100% sensitivity and specificity when measuring
reproductive performance because of other unknown, independent reasons. Metricheck
device as a novel vaginal examination method for diagnosis of CE has higher sensitivity, but its
specificity is lower than that of vaginoscopy (McDougall et al., 2007). Leutertetal. (2012)
reported the sensitivity and specificity of vaginoscopy with VDS were 99.6 and 96.7%, 96.3 and
90.1% in two experiments, respectively, when VDS 0 was considered as healthy and VDS 1 to 3
as CE. However, in a study by Westermann etal. (2010) showed that the false positive
proportion of CE examined by vaginoscopy in dairy cows was 17.3% to 28.5% when intrauterine
bacteriology and cytology were used as the reference diagnostic tests. Although vaginoscope
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is defective (Gautam etal., 2010; Leutertetal.,, 2012), it is still a practical method for
anticipating reproductive performance in dairy cows under field conditions. In our study, all
cows were examined only once by vaginoscopy; visual assessment of the VDS grading system
might cause the errors in defining vaginal discharge. The presence of VDS more than 1 in dairy
cows in the present study may be incorrectly classified as VDS 0 or 1. This could be attributed
to the reduced field of vision provided by the vaginoscope and the limited brightness of the
flashlight (Leutert et al., 2012). Therefore, we suggest endometritis diagnosed with VDS 0 or 1
using the VDS grading system should be reassessed at clinical examinations to improve the
sensitivity of the diagnosis process.

Conclusion

The effect of endometritis with different degrees of VDS on reproductive performance in
dairy cows varies from region to region. 33% of dairy cows showed VDS 1 to 3 at 26 + 3 DIM
and had reduction in subsequent reproductive performance in China. The decision whether
cows with different degrees of VDS need to be treated should depend on the degree of uterine
infections and the status of subsequent reproductive performance. Treatment for VDS 1 in the
early postpartum period is beneficial to ameliorate the fertility of dairy cows.

Acknowledgements

This study was supported by the Key Research Project of Gansu Province (18YF1NA074) and
the College Collaborative Innovation Team Project of Gansu Provincial Department of
Education (2018C-15) and Special Fund of Chinese Central Government for Basic Scientific
Research Operations in Commonweal Research Institutes (1610032021007). The authors
would also like to thank the collaborating dairy farms and their staff for providing the animals
used in this study and their assistance during the experiment.

References

Ahmadi MR, Makki M, Mirzaei A, Gheisari HR. Effects of hypertonic dextrose and paraffin solution as
non-antibiotic treatments of clinical endometritis on reproductive performance of high producing
dairy cows. Reprod Domest Anim. 2019;54(5):762-71. http://dx.doi.org/10.1111/rda.13424.
PMid:30811668.

Barlund CS, Carruthers TD, Waldner CL, Palmer CW. A comparison of diagnostic techniques for
postpartum endometritis in dairy cattle. Theriogenology. 2008;69(6):714-23.
http://dx.doi.org/10.1016/j.theriogenology.2007.12.005. PMid:18242670.

Bicalho RC, Machado VS, Bicalho ML, Gilbert RO, Teixeira AG, Caixeta LS, Pereira RV. Molecular and
epidemiological characterization of bovine intrauterine Escherichia coli. ] Dairy Sci. 2010;93(12):5818-
30. http://dx.doi.org/10.3168/jds.2010-3550. PMid:21094754.

Bonnett BN, Martin SW, Gannon VP, Miller RB, Etherington WG. Endometrial biopsy in Holstein-Friesian
dairy cows. lll. Bacteriological analysis and correlations with histological findings. Can ] Vet Res.
1991;55(2):168-73. PMid:1884297.

Bonnett BN, Martin SW, Meek AH. Associations of clinical findings, bacteriological and histological results
of endometrial biopsy with reproductive performance of postpartum dairy cows. Prev Vet Med.
1993;15(2-3):205-20. http://dx.doi.org/10.1016/0167-5877(93)90114-9.

Brick TA, Schuenemann GM, Bas S, Daniels JB, Pinto CR, Rings DM, Rajala-Schultz PJ. Effect of intrauterine
dextrose or antibiotic therapy on reproductive performance of lactating dairy cows diagnosed with
clinical endometritis. ] Dairy Sci. 2012;95(4):1894-905. http://dx.doi.org/10.3168/jds.2011-4892.
PMid:22459836.

Dubuc J, Duffield TF, Leslie KE, Walton JS, LeBlanc SJ. Definitions and diagnosis of postpartum
endometritis in dairy cows. J Dairy Sci. 2010a;93(11):5225-33. http://dx.doi.org/10.3168/jds.2010-
3428. PMid:20965337.

Dubuc J, Duffield TF, Leslie KE, Walton JS, LeBlanc SJ. Risk factors for postpartum uterine diseases in dairy
cows. ] Dairy Sci. 2010b;93(12):5764-71. http://dx.doi.org/10.3168/jds.2010-3429. PMid:21094748.

Anim Reprod. 2021;18(1):e20200228 10/12


https://doi.org/10.1111/rda.13424
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30811668&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30811668&dopt=Abstract
https://doi.org/10.1016/j.theriogenology.2007.12.005
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18242670&dopt=Abstract
https://doi.org/10.3168/jds.2010-3550
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21094754&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1884297&dopt=Abstract
https://doi.org/10.1016/0167-5877(93)90114-9
https://doi.org/10.3168/jds.2011-4892
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22459836&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22459836&dopt=Abstract
https://doi.org/10.3168/jds.2010-3428
https://doi.org/10.3168/jds.2010-3428
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20965337&dopt=Abstract
https://doi.org/10.3168/jds.2010-3429
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21094748&dopt=Abstract

Using VDS to evaluate effect of CE on performance

Dubuc J, Duffield TF, Leslie KE, Walton ]S, Leblanc SJ. Randomized clinical trial of antibiotic and
prostaglandin treatments for uterine health and reproductive performance in dairy cows. ] Dairy Sci.
2011;94(3):1325-38. http://dx.doi.org/10.3168/jds.2010-3757. PMid:21338798.

Edmonson AJ, Lean IJ, Weaver LD, Farver T, Webster G. A body condition scoring chart for Holstein Dairy
cows. ] Dairy Sci. 1989;72(1):68-78. http://dx.doi.org/10.3168/jds.S0022-0302(89)79081-0.

Fourichon C, Seegers H, Malher X. Effect of disease on reproduction in the dairy cow: a meta-analysis.
Theriogenology. 2000;53(9):1729-59. http://dx.doi.org/10.1016/S0093-691X(00)00311-3.
PMid:10968418.

FoldiJ, Kulcsar M, Pecsi A, Huyghe B, de Sa C, Lohuis JA, Cox P, Huszenicza G. Bacterial complications of
postpartum uterine involution in cattle. Anim Reprod Sci. 2006;96(3-4):265-81.
http://dx.doi.org/10.1016/j.anireprosci.2006.08.006. PMid:16956738.

Gautam G, Nakao T, Yusuf M, Koike K. Prevalence of endometritis during the postpartum period and its
impact on subsequent reproductive performance in two Japanese dairy herds. Anim Reprod Sci.
2009;116(3-4):175-87. http://dx.doi.org/10.1016/j.anireprosci.2009.02.001. PMid:19269117.

Gautam G, Nakao T, Koike K, Long ST, Yusuf M, Ranasinghe RM, Hayashi A. Spontaneous recovery or
persistence of postpartum endometritis and risk factors for its persistence in Holstein cows.
Theriogenology. 2010;73(2):168-79. http://dx.doi.org/10.1016/j.theriogenology.2009.08.010.
PMid:19837450.

Gilbert RO, Shin ST, Guard CL, Erb HN, Frajblat M. Prevalence of endometritis and its effects on
reproductive performance of dairy cows. Theriogenology. 2005;64(9):1879-88.
http://dx.doi.org/10.1016/j.theriogenology.2005.04.022. PMid:15961149.

Hendricks KE, Bartolome JA, Melendez P, Risco C, Archbald LF. Effect of repeated administration of
PGF2a in the early post partum period on the prevalence of clinical endometritis and probability of
pregnancy at first insemination in lactating dairy cows. Theriogenology. 2006;65(8):1454-64.
http://dx.doi.org/10.1016/j.theriogenology.2005.08.018. PMid:16221487.

Huszenicza G, Fodor M, Gacs M, Kulcsar M, Dohmen MJW, Vamos M, Porkolab L, Kegl T, Bartyik J, Lohuis
JACM, Janosi S, Szita G. Uterine bacteriology, resumption of cyclic ovarian activity and fertility in
postpartum cows kept in large-scale dairy herds. Reprod Domest Anim. 1999;34(3-4):237-45.
http://dx.doi.org/10.1111/j.1439-0531.1999.tb01246.x.

Kasimanickam R, Duffield TF, Foster RA, Gartley CJ, Leslie KE, Walton JS, Johnson WH. Endometrial
cytology and ultrasonography for detection of subclinical endometritis in postpartum dairy cows.
Theriogenology. 2004;62(1-2):9-23. http://dx.doi.org/10.1016/j.theriogenology.2003.03.001.
PMid:15159097.

LeBlanc SJ. Field study of the diagnosis and treatment of clinical endometritis in dairy cattle. Cattle Pract.
2003;11:255-61.

LeBlanc SJ. Postpartum uterine disease and dairy herd reproductive performance: a review. Vet J.
2008;176(1):102-14. http://dx.doi.org/10.1016/j.tvjl.2007.12.019. PMid:18328749.

LeBlanc SJ, Duffield TF, Leslie KE, Bateman KG, Keefe GP, Walton JS, Johnson WH. The effect of treatment
of clinical endometritis on reproductive performance in dairy cows. ] Dairy Sci. 2002a;85(9):2237-49.
http://dx.doi.org/10.3168/jds.S0022-0302(02)74303-8. PMid:12362456.

LeBlanc SJ, Duffield TF, Leslie KE, Bateman KG, Keefe GP, Walton JS, Johnson WH. Defining and
diagnosing postpartum clinical endometritis and its impact on reproductive performance in dairy
cows. | Dairy Sci. 2002b;85(9):2223-36. http://dx.doi.org/10.3168/jds.S0022-0302(02)74302-6.
PMid:12362455.

Lee JY, Kim IH. Advancing parity is associated with high milk production at the cost of body condition and
increased periparturient disorders in dairy herds. ] Vet Sci. 2006;7(2):161-6.
http://dx.doi.org/10.4142/jvs.2006.7.2.161. PMid:16645342.

Leutert C, von Krueger X, Plontzke J, Heuwieser W. Evaluation of vaginoscopy for the diagnosis of clinical
endometritis in dairy cows. ] Dairy Sci. 2012;95(1):206-12. http://dx.doi.org/10.3168/jds.2011-4603.
PMid:22192199.

Machado VS, Oikonomou G, Ganda EK, Stephens L, Milhomem M, Freitas GL, Zinicola M, Pearson J,
Wieland M, Guard C, Gilbert RO, Bicalho RC. The effect of intrauterine infusion of dextrose on clinical
endometritis cure rate and reproductive performance of dairy cows. ] Dairy Sci. 2015;98(6):3849-58.
http://dx.doi.org/10.3168/jds.2014-9046. PMid:25795484.

Anim Reprod. 2021;18(1):e20200228 11/12


https://doi.org/10.3168/jds.2010-3757
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21338798&dopt=Abstract
https://doi.org/10.3168/jds.S0022-0302(89)79081-0
https://doi.org/10.1016/S0093-691X(00)00311-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10968418&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10968418&dopt=Abstract
https://doi.org/10.1016/j.anireprosci.2006.08.006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16956738&dopt=Abstract
https://doi.org/10.1016/j.anireprosci.2009.02.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19269117&dopt=Abstract
https://doi.org/10.1016/j.theriogenology.2009.08.010
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19837450&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19837450&dopt=Abstract
https://doi.org/10.1016/j.theriogenology.2005.04.022
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15961149&dopt=Abstract
https://doi.org/10.1016/j.theriogenology.2005.08.018
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16221487&dopt=Abstract
https://doi.org/10.1111/j.1439-0531.1999.tb01246.x
https://doi.org/10.1016/j.theriogenology.2003.03.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15159097&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15159097&dopt=Abstract
https://doi.org/10.1016/j.tvjl.2007.12.019
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18328749&dopt=Abstract
https://doi.org/10.3168/jds.S0022-0302(02)74303-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12362456&dopt=Abstract
https://doi.org/10.3168/jds.S0022-0302(02)74302-6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12362455&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12362455&dopt=Abstract
https://doi.org/10.4142/jvs.2006.7.2.161
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16645342&dopt=Abstract
https://doi.org/10.3168/jds.2011-4603
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22192199&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22192199&dopt=Abstract
https://doi.org/10.3168/jds.2014-9046
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25795484&dopt=Abstract

Using VDS to evaluate effect of CE on performance

Maquivar MG, Barragan AA, Velez ]S, Bothe H, Schuenemann GM. Effect of intrauterine dextrose on
reproductive performance of lactating dairy cows diagnosed with purulent vaginal discharge under
certified organic management. ] Dairy Sci. 2015;98(6):3876-86. http://dx.doi.org/10.3168/jds.2014-
9081. PMid:25828665.

McDougall S, Macaulay R, Compton C. Association between endometritis diagnosis using a novel
intravaginal device and reproductive performance in dairy cattle. Anim Reprod Sci. 2007;99(1-2):9-23.
http://dx.doi.org/10.1016/j.anireprosci.2006.03.017. PMid:16630700.

McDougall S. Comparison of diagnostic approaches, and a cost-benefit analysis of different diagnostic
approaches and treatments of anoestrous dairy cows. N Z Vet J. 2010;58(2):81-9.
http://dx.doi.org/10.1080/00480169.2010.65262. PMid:20383242.

McDougall S, Boer M, Compton C, LeBlanc SJ. Clinical trial of treatment programs for purulent vaginal
discharge in lactating dairy cattle in New Zealand. Theriogenology. 2013;79(8):1139-45.
http://dx.doi.org/10.1016/j.theriogenology.2013.02.002. PMid:23499414.

Okawa H, Fujikura A, Wijayagunawardane MMP, Vos PLAM, Taniguchi M, Takagi M. Effect of diagnosis
and treatment of clinical endometritis based on vaginal discharge score grading system in
postpartum Holstein cows. | Vet Med Sci. 2017;79(9):1545-51. http://dx.doi.org/10.1292/jvms.16-
0593. PMid:28740032.

Pleticha S, Drillich M, Heuwieser W. Evaluation of the Metricheck device and the gloved hand for the
diagnosis of clinical endometritis in dairy cows. | Dairy Sci. 2009;92(11):5429-35.
http://dx.doi.org/10.3168/jds.2009-2117. PMid:19841205.

Runciman DJ, Anderson GA, Malmo J, Davis GM. Use of postpartum vaginoscopic (visual vaginal)
examination of dairy cows for the diagnosis of endometritis and the association of endometritis with
reduced reproductive performance. Aust Vet J. 2008;86(6):205-13. http://dx.doi.org/10.1111/j.1751-
0813.2008.00301.x. PMid:18498553.

Schuenemann GM, Nieto |, Bas S, Galvao KN, Workman J. Assessment of calving progress and reference
times for obstetric intervention during dystocia in Holstein dairy cows. ] Dairy Sci. 2011;94(11):5494-
501. http://dx.doi.org/10.3168/jds.2011-4436. PMid:22032372.

Sheldon IM, Noakes DE. Comparison of three treatments for bovine endometritis. Vet Rec.
1998;142(21):575-9. http://dx.doi.org/10.1136/vr.142.21.575. PMid:9634707.

Sheldon IM, Lewis GS, LeBlanc S, Gilbert RO. Defining postpartum uterine disease in cattle.
Theriogenology. 2006;65(8):1516-30. http://dx.doi.org/10.1016/j.theriogenology.2005.08.021.
PMid:16226305.

Sheldon IM, Cronin J, Goetze L, Donofrio G, Schuberth H]. Defining postpartum uterine disease and the
mechanisms of infection and immunity in the female reproductive tract in cattle. Biol Reprod.
2009;81(6):1025-32. http://dx.doi.org/10.1095/biolreprod.109.077370. PMid:19439727.

Westermann S, Drillich M, Kaufmann TB, Madoz LV, Heuwieser W. A clinical approach to determine false
positive findings of clinical endometritis by vaginoscopy by the use of uterine bacteriology and
cytology in dairy cows. Theriogenology. 2010;74(7):1248-55.
http://dx.doi.org/10.1016/j.theriogenology.2010.05.028. PMid:20615532.

Williams EJ, Fischer DP, Pfeiffer DU, England GC, Noakes DE, Dobson H, Sheldon IM. Clinical evaluation of
postpartum vaginal mucus reflects uterine bacterial infection and the immune response in cattle.
Theriogenology. 2005;63(1):102-17. http://dx.doi.org/10.1016/j.theriogenology.2004.03.017.
PMid:15589277.

Author contributions

HW: Conceptualization, Data curation, Formal analysis, Writing - original draft; ZY: Data curation, Formal analysis; XW: Methodology, Data curation, Formal
analysis; YZ: Formal analysis, Writing - review & editing; YW: Funding acquisition, Project administration; XZ: Conceptualization, Supervision, Formal analysis,
Writing - review & editing.

Anim Reprod. 2021;18(1):e20200228 12/12


https://doi.org/10.3168/jds.2014-9081
https://doi.org/10.3168/jds.2014-9081
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25828665&dopt=Abstract
https://doi.org/10.1016/j.anireprosci.2006.03.017
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16630700&dopt=Abstract
https://doi.org/10.1080/00480169.2010.65262
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20383242&dopt=Abstract
https://doi.org/10.1016/j.theriogenology.2013.02.002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23499414&dopt=Abstract
https://doi.org/10.1292/jvms.16-0593
https://doi.org/10.1292/jvms.16-0593
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28740032&dopt=Abstract
https://doi.org/10.3168/jds.2009-2117
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19841205&dopt=Abstract
https://doi.org/10.1111/j.1751-0813.2008.00301.x
https://doi.org/10.1111/j.1751-0813.2008.00301.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18498553&dopt=Abstract
https://doi.org/10.3168/jds.2011-4436
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22032372&dopt=Abstract
https://doi.org/10.1136/vr.142.21.575
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9634707&dopt=Abstract
https://doi.org/10.1016/j.theriogenology.2005.08.021
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16226305&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16226305&dopt=Abstract
https://doi.org/10.1095/biolreprod.109.077370
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19439727&dopt=Abstract
https://doi.org/10.1016/j.theriogenology.2010.05.028
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20615532&dopt=Abstract
https://doi.org/10.1016/j.theriogenology.2004.03.017
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15589277&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15589277&dopt=Abstract


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /All

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.7

  /CompressObjects /Off

  /CompressPages false

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends false

  /DetectCurves 0.0000

  /ColorConversionStrategy /UseDeviceIndependentColor

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType true

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

    /GuardianEgyptianText-Regular

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages false

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 355

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50141

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages false

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 355

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50141

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages false

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 2400

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)

  /PDFXOutputConditionIdentifier (CGATS TR 001)

  /PDFXOutputCondition ()

  /PDFXRegistryName (http://www.color.org)

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV <>

    /HUN <>

    /ITA <>

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)

      /DestinationProfileSelector /UseName

      /Downsample16BitImages true

      /FlattenerPreset <<

        /ClipComplexRegions true

        /ConvertStrokesToOutlines false

        /ConvertTextToOutlines false

        /GradientResolution 300

        /LineArtTextResolution 1200

        /PresetName ([High Resolution])

        /PresetSelector /HighResolution

        /RasterVectorBalance 1

      >>

      /FormElements false

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks true

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.250000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /UseName

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /UseDocumentProfile

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



