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ABSTRACT

The objective of this study was to evaluate the as-
sociations between corpus luteum (CL) status, uterine
health, body condition score (BCS), metabolic status,
and parity at wk 3 and 7 postpartum in seasonal-calv-
ing, pasture-based, lactating dairy cows. The associa-
tions between those phenotypes and individual genetic
traits were also evaluated. First- and second-parity
spring-calving lactating dairy cows (n = 2,600) from
35 dairy farms in Ireland were enrolled. Farms were
visited every 2 weeks; cows that were at wk 3 (range 14
to 27 DIM) and wk 7 (range 42 to 55 DIM) postpartum
were examined. Body condition score was measured us-
ing a scale of 1 to 5 with 0.25 increments. Transrectal
ultrasound examination was performed at wk 3 and 7
postpartum to determine presence or absence of CL
and ultrasound reproductive tract score. Blood samples
were collected at each visit and the concentrations of
glucose, (B-hydroxybutyrate (BHB), and fatty acids
(FA) were analyzed by using enzymatic colorimetry.
Cows were grouped into 3 BCS categories [low (<2.5),
target (>2.75 and <3.25), and high (>3.5)]; 2 CL status
categories: (present or absent); 2 uterine health status
(UHS) categories (normal and abnormal); and 3 meta-
bolic status categories [good (high glucose, low fatty ac-
ids and BHB), poor (low glucose, high fatty acids and
BHB), and moderate (all other combinations)]. Fisher’s
exact test was used to test associations between vari-
ables and was supplemented by logistic regression. We
found associations between UHS (wk 3 and 7), BCS (wk
3 and 7), parity (wk 3 and 7) metabolic status (wk 3),
and predicted transmitting ability for calving interval
(PTA for CIV; wk 3) and CL status. Cows that had ab-
normal UHS, low BCS, primiparity, and poor metabolic

Received November 15, 2018.
Accepted May 27, 2019.
*Corresponding author: stephen.butler@teagasc.ie

status, and were in the quartile with the greatest PTA
for CIV were less likely to have had CL present at wk 3
and 7 postpartum. We also found associations between
CL status (wk 3 and 7), BCS (wk 3 and 7), parity (wk
3 and 7), and PTA for CIV (wk 3) and UHS. Cows that
did not have a CL present had low BCS, primiparity,
and that were in the quartile with greatest PTA for
CIV, had a greater risk of abnormal UHS at wk 3 and
7 postpartum. We observed strong associations between
CL status, UHS, BCS, metabolic status, parity, and
individual genetic traits at wk 3 and 7 postpartum in
seasonal-calving, pasture-based lactating dairy cows.
Achieving target BCS and good metabolic status, and
selecting cows based on PTA for CIV, are all expected
to increase the likelihood of hastening the resumption
of estrous cyclicity and enhancing uterine health during
the postpartum period.
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INTRODUCTION

Pasture-based systems of milk production are based
on maximizing the efficiency with which low-cost
grazed grass is converted into milk (Hanrahan et al.,
2018). These systems rely on a compact calving period
in late winter and early spring to synchronize herd feed
demand and seasonal changes in pasture growth rate.
After parturition, the increase in milk energy output is
faster than the increase in dietary energy intake, lead-
ing to a variable period of negative energy balance,
which may extend for 8 to 12 wk until the beginning
of the usual breeding period (Butler, 2003). During
the postpartum period, cows must resume ovulatory
ovarian activity, exhibit behavioral estrus, and become
pregnant. In seasonal-calving dairy herds, cows that
are not detected in estrus at the start of the breeding
period are defined as anestrus (Rhodes et al., 2003).
These cows may have had delayed ovulation (Andersen
et al., 2004), ovulated without being detected in estrus,
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or calved late and not had sufficient time to resume
estrous cycles before the seasonal breeding period. Suc-
cessful ovulation of a dominant follicle during early lac-
tation depends on pulsatile LH secretion to stimulate
preovulatory follicular growth and estradiol secretion
(Canfield and Butler, 1990), which eventually triggers
an LH surge, behavioral estrus, and ovulation.

Uterine contamination during the periparturient
period is unavoidable: 80 to 100% of cows have been
reported to have bacteria in the uterine lumen during
the first 2 wk postpartum (Sheldon et al., 2006). The
development of uterine disease depends on the immune
response of the cow, and on the species and number of
bacteria involved (Sheldon et al., 2014). In addition,
ovarian activity and luteal progesterone secretion mod-
ulate many of the processes that make a cow resistant
or susceptible to uterine infection (Gilbert, 2011).

Subjective visual and tactile measurement of BCS
and its temporal changes can be used to monitor nu-
tritional status in cattle during the gestation-lactation
cycle (Buckley et al., 2003. Body condition score at
calving, nadir BCS, and the magnitude of BCS loss
during the postpartum period are associated with milk
production and reproduction in dairy cattle (Roche et
al., 2009), but the influence of BCS on animal health
remains poorly understood (Roche et al., 2013). El-
evated concentrations of plasma fatty acids and BHB
have been associated with impaired cow health (Ospina
et al., 2010a), impaired liver function (Drackley et al.,
2001), and reduced lymphocyte function (Lacetera
et al., 2005). Postpartum examination of dairy cows
is often undertaken around 15 to 30 d postpartum in
confinement systems (LeBlanc et al., 2006) and before
mating start date in pasture-based systems (Mee et al.,
2009) to facilitate early clinical assessment and imple-
ment corrective measures if necessary.

In the 1980s, the rate of genetic improvement for
milk production in Ireland was approximately 1.3% per
year because of the introgression of North American
Holstein Friesian genetics (Coffey, 1992). This resulted
in a deterioration of genetic merit for fertility traits and
suboptimal reproductive performance. To counteract
this, a multi-trait selection index (economic breeding
index) with a strong emphasis on fertility traits was
developed and implemented in 2001 (Veerkamp et al.,
2002).

In the present study, we recorded fertility phenotypes
during the early postpartum period in lactating dairy
cows. The objective was to evaluate the associations
between ovarian corpus luteum (CL) status, uterine
health, BCS, metabolic status, parity, and individual
genetic traits at wk 3 and 7 postpartum in seasonal-
calving, pasture-based lactating dairy cows.
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MATERIALS AND METHODS

All experimental procedures involving cows were
approved by the Teagasc Animal Ethics Committee
and authorized by the Health Products Regulatory
Authority, which is the competent authority in Ireland
responsible for the implementation of European Union
legislation (Directive 2010/63/EU) for the protection of
animals used for scientific purposes.

Herds and Experimental Design

We conducted a prospective, observational cross-
sectional study on 35 pasture-based seasonal-calving
dairy herds in the province of Munster, Ireland. In
each herd, the study population included first-parity
(n = 1,637) and second-parity (n = 1,074) lactating
dairy cows. All enrolled cows calved during the spring
(February to April) in 2015 (n = 24 herds) or 2016
(n = 11 herds). Only cows that had calved at least
30 d before the planned farm mating start date were
enrolled. Cows were withdrawn from the study if they
had clinical signs of disease.

To collect data at the desired time points, research-
ers visited all enrolled herds every 2 wk during the
postpartum period. The first exam was performed at
wk 3 (14 to 27 DIM) and the second exam at wk 7
postpartum (42 to 55 DIM). At the wk 3 and 7 visits,
postpartum ovarian structures and uterine health were
evaluated by transrectal ultrasound (Ibex Pro 8.5-MHz
transrectal transducer; EI Medical Imaging, Loveland,
CO). A single observer evaluated BCS using a scale
of 1 to 5 (1 = emaciated; 5 = obese) with 0.25 incre-
ments (Edmonson et al., 1989) and classified cows as
low (BCS <2.5), target (2.75 < BCS <3.25) or high
(BCS >3.5).

Ultrasound Evaluation of Ovarian Status

The presence or absence of a CL was recorded during
the ultrasound evaluation. The group of cows identified
as CL absent were further subdivided into anestrus [no
CL, and at least 1 large follicle (>10 mm) observed] or
deep anestrus (no CL or large follicle observed). Cows
with either a follicular cyst (>25 mm and no CL) or
a luteal cyst (>25 mm) were noted but removed from
the analysis.

Ultrasound Evaluation of Uterine Health

We evaluated uterine health using an ultrasound
reproductive tract score (URTS), classified as previ-
ously described by Mee et al. (2009): G1, a typical
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spoke-wheel-shaped lumen; G2, a spoke-wheel-shaped
lumen with an enlarged center filled with a small
volume (>2 mm, <5 mm diameter) of fluid of mixed
echogenicity; G3, a stellate-shaped lumen filled with a
moderate volume (>5 mm, <10 mm diameter) of fluid
of mixed echogenicity; G4, a circular lumen filled with
a large volume (>10 mm diameter) of fluid of mixed
echogenicity.

Blood Sampling and Metabolic Status Assays

Blood samples were collected at wk 3 and 7 postpar-
tum from the coccygeal blood vessels into evacuated
lithium heparin tubes (Vacutainer; Becton Dickin-
son, Wokingham, UK) and stored in a cooler during
transportation. Plasma was separated following cen-
trifugation (1,500 x g¢) and stored at —20°C. Plasma
concentrations of glucose, BHB, and fatty acids were
analyzed by enzymatic colorimetry (ABX Mira, Mont-
pellier, France). Glucose kits were supplied by Horiba
ABX (Montpellier, France); BHB kits were supplied by
Randox Laboratories Ltd. (Crumlin, UK); fatty acid
kits were supplied by Wako Chemicals GmBH (Neuss,
Germany). Lactating dairy cows were categorized as
having low glucose, high fatty acids, and high BHB
when plasma concentrations of glucose were <60.0
mg/dL, fatty acids were >0.60 mEq/L, and BHB were
>0.76 mmol/L, respectively, as reported by Garverick
et al. (2013) and Ospina et al. (2010b).

Data Handling and Statistical Analysis

To evaluate the marginal associations between CL
status, anestrous status, URTS, BCS, BCS change be-
tween wk 3 and 7, metabolic status, parity, and genetic
traits, we used Fisher’s exact test. We used multiple
logistic regression using the LOGISTIC procedure of
SAS (version 9.3; SAS Institute Inc., Cary, NC) to test
and correct for structure in the data (year, herd, and
parity), and to calculate odds ratios (OR) and pre-
dicted probabilities. For each variable, a cohort of cows
was designated as the reference group for determina-
tion of OR (OR = 1). An OR of >1 implied increased
likelihood and OR <1 implied decreased likelihood of a
particular outcome relative to the reference group. In
addition, a binary uterine health status (UHS) variable
was created to overcome problems with small numbers
of cows with URTS of G1 (n = 54) and G4 (n = 22) at
wk 3 and 7, respectively. At wk 3, G1 and G2 were clas-
sified as normal UHS, and G3 and G4 were classified as
abnormal UHS. At wk 7, G1 was classified as normal,
and all other URTS were classified as abnormal.

Multinomial and binary variables included depth of
anestrus, UHS, BCS, BCS change, CL statuschange,
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DIM at wk 3 exam, metabolic status, and genetic traits.
The BCS change between wk 3 and 7 was assigned to
1 of 4 categories: lost >0.5, lost = 0.25, constant, or
gained >0.25. Corpus luteum status change was as-
signed 1 of 4 possible categories: CL-absent3_7 (CL
not present at wk 3 or 7), CL-present3_7 (CL present
at wk 3 and 7), CL-present7 (CL present at wk 7 only),
and CL-present3 (CL present at wk 3 only).

We examined the effect of DIM at wk 3 to determine
if DIM at the first visit influenced the results obtained.
We assigned DIM at the wk 3 visit to 1 of 3 categories:
early (14-18 DIM), mid (19-23 DIM), and late (24-28
DIM). We assigned blood indicators of metabolic status
to 1 of 3 categories: good (high glucose, low fatty acids,
and low BHB), poor (low glucose, high fatty acids, and
high BHB), and moderate (all other possible combina-
tions), respectively. At wk 7, because of the small num-
ber of cows in the poor category (n = 66), we included
only 2 groups in the metabolic status analysis: good
and moderate plus poor combined.

The economic breeding index is divided into 7 sub-
indexes: production, fertility, calving, beef, mainte-
nance, management, and health (ICBF, 2018; https:/
/www.icbf.com/wp/). Each sub-index is composed of
different individual traits. For this study, we selected
the fertility sub-index and PTA values for the indi-
vidual traits of calving interval (CIV; number of days
between successive calving events), survival (longevity
in the herd), milk kilograms and percentage protein in
milk for inclusion in the analysis. Initially, separate lo-
gistic regression models were developed for the fertility
sub-index and each individual genetic trait as continu-
ous variables. Then, each genetic trait and the fertility
sub-index were subsequently stratified into quartiles,
and logistic regression models were used to calculate
OR and predicted probabilities, including herd, year,
and parity as fixed effects.

RESULTS

Herd and year were associated (both P < 0.001) with
each phenotype recorded, highlighting the importance
of the herd differences and year-to-year environmental
variation effects on the postpartum fertility phenotypes
in pasture-based dairy systems.

Number of Records

Initially, 3,027 cows were enrolled in the study, but
data for 427 and 582 cows were subsequently removed
from wk 3 and 7, respectively, because they were not
fully compliant with the predesigned DIM for each
exam (14 to 27 DIM at wk 3; and 42 to 55 DIM at wk
7) or they presented with a clinical disease.
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Main Results for Each Phenotype

Overall, a greater proportion (P = 0.001) of cows had
CL present at wk 7 (76.9%, 1,879/2,445) compared with
wk 3 (45.5%, 1,185/2,600). The incidences of cows with
luteal and follicular cysts during the study period were
0.22% (6/2,711) and 3.8% (105/2,711), respectively.
For variable CL status change, the percentage of cows
with at least 1 CL at both wk 3 and wk 7 was 38.3%
(988/2,578) and the percentage of cows that did not
have a CL at both wk 3 and 7 was 16.3% (422/2,578).
The percentage of cows with at least 1 CL at wk 3 only
was 7.7% (200/2,578), and the percentage of cows with
at least 1 CL at wk 7 only was 37.4% (966/2,578).

The proportions of cows with URTS of G1, G2, G3,
and G4 are summarized in Table 1. At wk 3 and 7
postpartum, 27.3% (712/2,600; G1 and G2) and 27.5%
(669/2,445; G1 only) of cows were classified as having
normal UHS, respectively.

Most cows maintained BCS at the target score dur-
ing the study period, with 89.5% (2,328/2,600) and
84.4% (2,066/2,445) of cows achieving target BCS at
wk 3 and 7, respectively. Of the remaining cows, 8%
(226/2,600) and 1.7% (46/2,600) at wk 3 and 14.5%
(355/2,445) and 0.9% (24/2,445) at wk 7, had low and
high BCS, respectively. Between wk 3 and 7, the pro-
portions of cows that had lost >0.5, lost 0.25, stayed
constant or gained >0.25 on BCS were 3.0% (87/2,192),
32.2% (706/2,192), 51.5% (1,131/2,192), and 12.2%
(268/2,192), respectively.

The proportions of cows with good, moderate,
and poor metabolic status, respectively, were 35.6%
(818/2,294), 59.9% (1,376/2,294), and 4.3% (100/2,294)
at wk 3, and 53.5% (1,243/2,323), 46.0% (1,070/2,323),
and 0.4% (10/2,323) at wk 7. Overall, a greater pro-
portion of cows had good metabolic status at wk 7

Table 1. Prevalence of ultrasound reproductive tract scores at wk 3
and 7 postpartum’

Severity

of uterine

infection Wk 3, % (no.) Wk 7, % (no.)
G1 2.2 (59/2,600) 27.3 (669/2,445)
G2 25.1 (653/2,600) 48.3 (1,182/2,445)
G3 60.5 (1,574/2,600) 23.3 (572/2,445)
G4 12.0 (314/2,600) 0.8 (22/2,445)

!G1 = spoke-wheel-shaped lumen; G2 = spoke-wheel-shaped lumen
with an enlarged center filled with a small volume (>2 mm, <5 mm
diameter) of fluid of mixed echogenicity; G3 = stellate-shaped lumen
filled with a moderate volume (>5 mm, <10 mm diameter) of fluid
of mixed echogenicity; G4 = circular lumen filled with a large volume
(>10 mm diameter) of fluid of mixed echogenicity; wk 3 = 14 to 27
DIM; wk 7 = 42 to 55 DIM.

compared with wk 3 (53.5% vs. 35.6%, respectively; P
= 0.01).

Phenotypes Associated with CL Status

We found a strong association between URTS and
CL status at wk 3 and 7 (both P < 0.0001). Cows
that had a G3 and G4 score at wk 3, or a G2, G3, or
G4 score at wk 7, had a reduced likelihood of having
CL present compared with cows that had a G1 score
(Table 2). Similarly, we observed a strong association
between UHS and CL status at wk 3 and 7 (both P
< 0.0001), in which cows with a normal UHS had a
greater likelihood of having CL present than those with
an abnormal UHS (Table 2).

We found associations at wk 3 and 7 between CL
status and BCS (P = 0.05 at wk 3; P < 0.0001 at wk
7) and between CL status and parity (P = 0.0007 at
wk 3; P = 0.005 at wk 7; Table 3). Cows with low
BCS and primiparous cows had a lower likelihood of

Table 2. Association between ultrasound reproductive tract score, uterine health status, and CL status at wk 3 and 7 postpartum’

Wk 3 Wk 7
Variable CL present, % (no.) OR (95% CI) P-value CL present, % (no.) OR (95% CI) P-value
URTS
G1 79.6" (47/59) Referent <0.0001 95.2" (637/669) Referent <0.0001
G2 66.6 (435/653) 0.2 (0.14-0.31) 79.7° (943/1,182) 0.5 (0.27-1.05)
G3 40.9" (644/1,574) 0.04 (0.02-0.06) 46.3° (265/572) 0.1 (0.03-0.34)
G4 18.7° (59/314) 0.04 (0.01-0.1) 50° (11/22) 0.04 (0.02-0.09)
UHS
Normal® 67.6 (482/712) Referent <0.0001 95.2 (637/669) Referent <0.0001
Abnormal 37.2 (703/1,888) 0.3 (0.22-0.46) 68.6 (1,219/1,776) 0.1 (0.08-0.17)

*“Different superscripts within a category indicate significant differences (P < 0.05).

!G1 = spoke-wheel-shaped lumen; G2 = spoke-wheel-shaped lumen with an enlarged center filled with a small volume (>2 mm, <5 mm diam-
eter) of fluid of mixed echogenicity; G3 = stellate-shaped lumen filled with a moderate volume (>5 mm, <10 mm diameter) of fluid of mixed
echogenicity; G4 = circular lumen filled with a large volume (>10 mm diameter) of fluid of mixed echogenicity; OR = odds ratio; UHS = uterine
health status; URTS = ultrasound reproductive tract score; wk 3 = 14 to 27 DIM; wk 7 = 42 to 55 DIM.

*Normal UHS group at wk 3 postpartum was composed of cows with a G1 or G2 uterine score and at wk 7 by cows with a G1 uterine score.

Journal of Dairy Science Vol. 103 No. 1, 2020



Rojas Canadas et al.: CL STATUS, UTERINE HEALTH, BIOENERGETIC STATUS, AND GENETIC TRAITS

Table 3. Association between BCS, parity, and CL status at wk 3 and 7 postpartum’

Wk 3 Wk 7

Variable CL present, % (no.) OR (95% CI) P-value CL present, % (no.) OR (95% CI) P-value
BCS

Low (<2.5) 42.9" (97/226) 0.7 (0.54-0.98) 65.9" (234/355) 0.4 (0.37-0.66)

Target 46.0" (1,072/2,328) Referent 0.05 77.6" (1,605/2,066) Referent <0.0001

High (>3.5) 34.7" (16/46) 0.6 (0.33-1.26) 70.8" (17/24) 0.9 (0.36-2.33)
Parity

1 43.4 (685/1,576) 0.6 (0.48-0.82) 74.1 (1,136/1,531) 0.7 (0.60-0.91)

2 48.7 (500/1,025) Referent 0.0007 78.7 (720/914) Referent 0.005

*'Different superscripts within a category indicate significant differences (P < 0.05).

'OR = odds ratio; wk 3 = 14 to 27 DIM; wk 7 = 42 to 55 DIM.

having CL present than target BCS and multiparous
cows, respectively. We found no associations between
BCS change and CL status at wk 3 and 7 (P = 0.67 at
wk 3; P=0.58 at wk 7).

We observed an association between metabolic status
and CL status (P = 0.03) at wk 3. Cows that had
good and moderate metabolic status were 8.9 (95% CI
5.57-11.73) and 6.6 (95% CI 1.51-29.60) times more
likely to have CL present, respectively, than cows that
had poor metabolic status.

Phenotypes Associated with CL Status Change

We observed associations between CL status change
and both UHS (P < 0.0001 at wk 3 and 7) and BCS
(P < 0.0001 at wk 3; P = 0.0008 at wk 7) at wk 3 and
7 postpartum. Cows with an abnormal UHS were more
likely to be CL-absent3_7 and less likely to be CL-
present3_7 than cows that had a normal UHS (Figure
1). Similarly, cows with low BCS were more likely to be
CL-absent3_7 and less likely to be CL-present3_7 than
cows with target BCS (Figure 2).

Phenotypes Associated with Uterine Health Status

We found associations between UHS and CL status
(P < 0.0001 at wk 3 and 7), BCS (P = 0.01 at wk 3;
P =0.02 at wk 7), and parity (P = 0.05 at wk 3; P =
0.009 at wk 7; Table 4 and Table 5). Cows that did not
have a CL present had a greater likelihood of having an
abnormal UHS than cows that had CL present at wk
3 and 7. In cows classified as CL absent, the presence
(i.e., anestrous cows) or absence (i.e., deep anestrous
cows) of a large follicle was not associated with differ-
ences in UHS at wk 3 (P = 0.31) or 7 (P = 0.78; Table
4).
Low BCS (<2.5) at wk 3 was associated with in-
creased odds of having an abnormal UHS compared
with target and high BCS (Table 5). We found no sig-
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nificant association between either BCS change (P =
0.78 at wk 3; P = 0.44 at wk 7) or metabolic status (P
= 0.61 at wk 3; P = 0.43 at wk 7) and UHS.
Primiparous cows had a greater likelihood of having
an abnormal UHS at both wk 3 (P = 0.05) and wk 7 (P
= 0.009) compared with multiparous cows (Table 5).

Phenotypes Associated with Metabolic
Status and DIM

Metabolic status was associated with parity at wk 3
(P =0.0002) and wk 7 (P = 0.003). A greater propor-
tion of primiparous cows had good metabolic status at
wk 3 (39.1% vs. 31.0%) and wk 7 (56.4% vs. 48.6%)
compared with multiparous cows.

Overall, DIM at which cows were evaluated at the wk
3 visit was associated with CL status and UHS (both
P < 0.0001). The likelihood of CL being present was
greater (+8 percentage points) and the likelihood of
having an abnormal UHS was less (—14 percentage
points) in the late category compared with the mid and
early categories (Figure 3).

PTA for Individual Genetic Traits
and Fertility Sub-index

We found an association between PTA for CIV and
CL status at wk 3 (P = 0.05). Cows in the quartile with
the most negative PTA for CIV had greater likelihood
of having CL present at wk 3 postpartum than cows
in the other 3 quartiles (Table 6). We found evidence
for an association between PTA for milk protein per-
centage and CL status at wk 3 and wk 7 (both, P =
0.10). Cows in the quartile with the greatest PTA for
milk protein percentage (i.e., >0.12) were 0.7 (95% CI
0.59-0.96) and 0.7 (95% CI 0.51-1.00) times less likely
to have CL present at wk 3 and 7 than cows in the
quartile with the lowest PTA for milk protein percent-
age (Supplemental Table S1; https://doi.org/10.3168/
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NORMAL UHS WK 3

CL-present_3
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ABNORMAL UHS WK 3
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Figure 1. Left: Distribution frequency of corpus luteum (CL) status change in cows with normal and abnormal uterine health status (UHS)
at wk 3 postpartum (effect of CL status change, P < 0.0001). Right: Distribution frequency of CL status change in cows with normal and abnor-
mal UHS at wk 7 postpartum (effect of CL status change, P < 0.0001). CL-absent3_7 = corpus luteum not present at wk 3 or 7; CL-present3_7
= corpus luteum present at wk 3 and 7; CL-present7 = corpus luteum present at wk 7 only; CL-present3 = corpus luteum present at wk 3 only.

jds.2018-16000). Fertility sub-index was not associated
with any postpartum phenotype in this study (Supple-
mental Tables S1 and S2; https://doi.org/10.3168/jds
.2018-16000).

We found an association between PTA for CIV and
UHS at wk 3 (P = 0.01). Cows in the 2 quartiles with
the greatest PTA for CIV (i.e., > —1.2 and > —2.25
to < —1.2) had greater incidence of abnormal UHS
(45 percentage points) than the quartile with the most
negative PTA for CIV (Table 7). We found a lower
incidence (P = 0.09) of abnormal UHS at wk 7 in cows
in the quartile with the greatest PTA for survival (i.e.,
>2).
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DISCUSSION

It has been reported previously that BCS at par-
turition, nadir BCS, BCS at Al (Hoedemaker et al.,
2009; Roche et al., 2009), number of cycles before first
insemination (Darwash et al., 1997), uterine health
(Sheldon et al., 2009; Rojas Canadas et al., 2020),
metabolic status (Lucy et al., 2014; Rojas Canadas
et al., 2020), parity (Tanaka et al., 2008; Rojas Cana-
das et al., 2020), and genetic merit for fertility traits
(Butler, 2014; Butler and Moore, 2018) are all factors
that affect reproductive performance in lactating dairy
cows. Nevertheless, most of the preceding studies have
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Figure 2. Top: Distribution frequency of CL status change in cows with different BCS categories at wk 3 (effect of CL status change, P <
0.0001). Bottom: Distribution frequency of CL status change in cows with different BCS categories at wk 7 (effect of CL status change, P <
0.0008). CL-absent3_7 = corpus luteum not present at wk 3 or 7; CL-present3_7 = corpus luteum present at wk 3 and 7; CL-present7 = corpus
luteum present at wk 7 only; CL-present3 = corpus luteum present at wk 3 only.

looked at a single phenotype in isolation, and the link- ity phenotypes, and we identified strong associations
ages between these phenotypes have remained poorly between many of these phenotypes, and with individual
understood. In the present study, we conducted a genetic traits. Our research highlights the importance
robust and comprehensive study of postpartum fertil- of selecting for improved fertility traits and imposing

Table 4. Association between corpus luteum (CL) status, depth of anestrous, and uterine health status at wk 3 and 7 postpartum'

Wk 3 Wk 7
Abnormal Abnormal

Variable UHS,”% (no.) OR (95% CI) P-value UHS,” % (no.) OR (95% CI) P-value
CL status

Present 59.3 (703/1,185) Referent <0.0001 65.6 (1,219/1,856) Referent <0.0001
Absent 83.7 (1,185/1,415) 3.8 (3.15-4.62) 94.5 (557/589) 8.4 (5.81-12.35)
Anestrous status

Anestrous 83.1 (995/1,197) Referent 0.31 94.4 (481/509) Referent 0.78
Deep anestrous 87.1 (190/218) 1.2 (0.8-1.9) 95.0 (76/80) 1.1 (0.44-2.89)

!G2 = spoke-wheel-shaped lumen with an enlarged center filled with a small volume (>2 mm, <5 mm diameter) of fluid of mixed echogenicity;
G3 = stellate-shaped lumen filled with a moderate volume (>5 mm, <10 mm diameter) of fluid of mixed echogenicity; G4 = circular lumen
filled with a large volume (>10 mm diameter) of fluid of mixed echogenicity; OR = odds ratio; UHS = uterine health status; wk 3 = 14 to 27
DIM; wk 7 = 42 to 55 DIM.

?Abnormal UHS group at wk 3 postpartum was composed of cows with G3 or G4 uterine score and at wk 7 by cows with a G2, G3, or G4 uterine
score. Significant differences at P < 0.05.

Journal of Dairy Science Vol. 103 No. 1, 2020
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Table 5. Association between BCS, parity, and uterine health status at wk 3 and 7 postpartum’

Wk 3 Wk 7
Abnormal Abnormal

Variable UHS,”% (no.) OR. (95% CI) P-value UHS,” % (no.) OR (95% CI) P-value
BCS

Target 71.8" (1,672/2,327) Referent 0.01 71.4* (1,476/2,066) Referent 0.02

Low 79.2" (179/226) 1.6 (1.16-2.36) 78.5" (279/355) 1.5 (1.11-2.03)

High 78.2" (36/46) 1.1 (0.56-2.53) 87.5% (21/24) 1.4 (0.45-4.85)
Parity

1 74.1 (1,168/1,576) 1.1 (0.99-1.43) 74.3 (1,138/1,531) 1.2 (1.06-1.56)

2 70.3 (720/1,024) Referent 0.05 69.8 (638/914) Referent 0.009

*’Different superscripts within category indicate significant differences (P < 0.05).

!G2 = spoke-wheel-shaped lumen with an enlarged center filled with a small volume (>2 mm, <5 mm diameter) of fluid of mixed echogenicity;
G3 = stellate-shaped lumen filled with a moderate volume (>5 mm, <10 mm diameter) of fluid of mixed echogenicity; G4 = circular lumen
filled with a large volume (>10 mm diameter) of fluid of mixed echogenicity; OR = odds ratio; UHS = uterine health status; wk 3 = 14 to 27

DIM; wk 7 = 42 to 55 DIM.

?Abnormal UHS group at wk 3 postpartum was composed of cows with G3 or G4 uterine score and at wk 7 by cows with a G2, G3, or G4

uterine score.

herd management routines to maximize the proportion
of cows with favorable postpartum phenotypes.

Ovarian CL Status

One of the fertility targets in seasonal-calving sys-
tems is that >70% of the herd is detected in estrus by
mating start date (Butler, 2014). Early resumption of
ovulatory ovarian activity after parturition is one of the
key steps to restore breeding potential in grass-based
systems. In the present study, 76.9% of the cows had
CL present by wk 7 postpartum. It is likely that the
high proportion of cows that had CL present at wk 7 is
at least partly a reflection of the subpopulation of cows
used within the study herds (first and second calvers),
and the decision to only use cows with no clinical dis-
ease and that calved earlier than 30 d before the mating
start date. In previous research, Santos et al. (2009)
and Cerri et al. (2004) reported similar proportions of
cows that had resumed estrous cyclicity (75.9% at 65
DIM and 77.5% at 65 DIM, respectively), albeit at a
later stage of lactation. In our study, cows with the
most negative PTA for CIV (i.e., genetically superior)
had a greater likelihood of having CL present by wk
3 postpartum, highlighting the benefit of selecting for
fertility traits.

The results of this study also highlight the associa-
tions between CL status and other postpartum pheno-
types. Cows with G3 and G4 uterine scores were less
likely to have CL present at wk 3 and 7 postpartum
than cows with a G1 uterine score, in agreement with
previous studies (Opsomer et al., 2000; Gilbert, 2011).
Similarly, CL status change was also associated with
UHS in the present study. Cows with an abnormal

Journal of Dairy Science Vol. 103 No. 1, 2020

UHS at wk 3 and 7 were more likely not to have at
least 1 CL at wk 3 and 7 postpartum than cows with
a normal UHS. In the companion paper to the present
study (Rojas Canadas et al., 2020), we reported that
CL status at wk 3 was not strongly associated with
subsequent reproductive performance, but that there
was a favorable association at wk 7. Furthermore, we
found associations between UHS at wk 3 and 7 and
reproductive performance (Rojas Canadas et al., 2020).
Because of the strong association between CL status
and uterine health observed in the present study, early
resumption of cyclicity is a favorable phenotype for
subsequent reproductive performance.

We observed strong associations between CL status
and uterine health in the present study. Uterine infec-
tion alters ovarian function through effects mediated
by endotoxins and cytokines, resulting in reduced an-
drostenedione and estradiol production, and fewer LH
receptors on granulosa cells (Williams et al., 2008).
Endotoxins also alter GnRH pulses and LH secretion
from the hypothalamus and pituitary gland, respec-
tively, and reduce pituitary responsiveness to GnRH,
preventing the preovulatory LH surge (Herath et al.,
2006; Williams et al., 2008). Conversely, Gobikrushanth
et al. (2016) reported no differences in CL status on
d 35 and 65 postpartum in Canadian dairy cows with
different categories of endometritis.

In the present study, low BCS (<2.5) at wk 3 and 7
was associated with a reduced likelihood of having CL
present compared with cows that had a BCS >2.75.
Furthermore, CL status change was also associated
with BCS; a greater proportion of cows with target or
high BCS had CL present at both wk 3 and 7 exams,
and at the wk 7 exam only, compared with cows that
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had low BCS. Although we did not measure BCS at
calving in the present study, our results were consistent
with previous studies (Santos et al., 2009; Roche et
al., 2015) that reported delayed resumption of luteal
function in cows with low BCS.

It should be noted that assessment of CL status at
wk 3 and 7 was based on single-visit exams (presence/

absence of CL), which likely overestimates the propor-
tion of anestrous cows at both visits (i.e., imminent and
recent ovulations not included). It was not logistically
possible to conduct follow-up clinical examinations of
cows without a CL 1 wk later to confirm anestrous
status. Similarly, in a practical commercial setting, it
is not economically viable to conduct repeat clinical
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Figure 3. Top: Distribution frequency of abnormal uterine health status (UHS) in different DIM categories at wk 3 postpartum (P < 0.0001).
Bottom: Distribution frequency of CL present in different DIM categories at wk 3 postpartum (P < 0.0001). Bars with different lowercase let-

ters differ (P < 0.0001).
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Table 6. Association between individual genetic traits (survival and calving interval) and CL status at wk 3 and 7 postpartum'

Wk 3 Wk 7
Variable CL present, % (no.) OR (95% CI) P-value CL present, % (no.) OR (95% CI) P-value
Calving interval
<-35 49.6" (308/620) Referent 0.05 77.0 (477/619) Referent 0.99
>—3.5 to <—2.25 43.9" (281/639) 0.7 (0.61-1.00) 77.6 (466/600) 1.0 (0.75-1.42)
>2.25 to <—1.2 38.4" (246/639) 0.7 (0.60-1.00) 76.0 (413/543) 1.0 (0.76-1.39)
>-1.2 44.1" (271/614) 0.7 (0.60-1.00) 74.4 (441/592) 1.0 (0.73-1.35)
Survival
<0.9 45.6 (274/600) Referent 0.89 77.0 (446/579) Referent 0.44
>0.9 to <1.46 44.4 (264/594) 1.0 (0.79-1.36) 76.9 (431/560) 0.9 (0.71-1.31)
>1.46 to <2 46.1 (262/568) 1.0 (0.85-1.41) 72.7 (430/591) 0.7 (0.55-1.19)
>2 46.1 (306/663) 1.0 (0.81-1.33) 78.5 (490/624) 1.1 (0.83-1.52)

*’Different superscripts within category indicate significant differences (P < 0.05).

!OR = odds ratio; wk 3 = 14 to 27 DIM; wk 7 = 42 to 55 DIM.

exam visits on commercial dairy farms; hence, our data
set reflects what would likely be available following a
clinical examination at wk 3 or 7 postpartum.

Uterine Health

After calving, the uterus is exposed to microbial
pathogens, and the development and severity of uterine
infection depends upon the species of bacteria involved,
their prevalence, and the immune response of the cow
(Sheldon et al., 2002). At the cellular level, defense
against bacterial contaminants in the uterus is provided
by uterine leukocytes and polymorphonuclear cells.
Polymorphonuclear cells are recruited to the infected
uterus by chemotactic factors such as IL-8 (Christoffer-
sen et al., 2010). The risk factors responsible for uterine
infection may include altered follicle development and

function (Sheldon et al., 2002), delayed resumption of
cyclicity (Galvao et al., 2010b), altered follicle steroido-
genesis (Green et al., 2011), and greater postpartum
fatty acid and BHB concentrations (Hammon et al.,
2006). The results of the present study clearly indicate
a strong association between CL status and UHS, in
which cows that were classified as CL absent were more
likely to have an abnormal UHS at wk 3 and 7 than
cows that had CL present, in agreement with Galvao et
al. (2010b). The evacuation of uterine contents that oc-
curs during estrus and the beneficial effect of elevated
concentrations of estradiol during proestrus and estrus
on neutrophil function in the uterus are likely mecha-
nisms (Gilbert, 2011; Sheldon et al., 2014).

We observed a strong association between UHS
and BCS in the present study; cows with a low BCS
had a greater likelihood of an abnormal UHS at wk

Table 7. Association between individual genetic traits (survival, calving interval, milk yield, and milk protein percentage), fertility sub-index

and uterine health status at wk 3 and 7 postpartum’

Wk 3 Wk 7
Abnormal Abnormal

Variable UHS, % (no.)’ OR (95% CI) P-value UHS, % (no.) OR (95% CI) P-value
Calving interval

<-3.5 69.0" (428/620) Referent 0.01 71.4 (442/619) Referent 0.80

>—3.5to <-2.25 69.8" (385/551) 1.1 (0.95-1.45) 70.1 (421/600) 0.8 (0.65-1.18)

>—2.25 to <—1.2 75.11" (480/639) 1.4 (1.30-1.89) 72.3 (393/543) 1.1 (0.85-1.32)

>-1.2 74.2" (456/614) 1.3 (1.14-1.71) 75.1 (445/592) 1.2 (0.95-1.48)
Survival

<0.9 70.6 (423/599) Referent 0.5 75.3" (436/579) Referent 0.09

>0.9 to <1.46 73.9 (439/594) 1.2 (0.93-1.52) 73.3" (411/560) 0.9 (0.83-1.51)

>1.46 to <2 71.4 (406/568) 1.1 (0.91 1.43) 73.0" (432/591) 0.9 (0.80-1.43)

>2 72.5 (481/663) 1.2 (0.91-1.53) 67.6" (422/624) 0.7 (0.41-0.82)

**Different superscripts within category indicate significant differences (P < 0.05).

'G2 = spoke-wheel-shaped lumen with an enlarged center filled with a small volume (>2 mm, <5 mm diameter) of fluid of mixed echogenicity;
G3 = stellate-shaped lumen filled with a moderate volume (>5 mm, <10 mm diameter) of fluid of mixed echogenicity; G4 = circular lumen
filled with a large volume (>10 mm diameter) of fluid of mixed echogenicity; OR = odds ratio; UHS = uterine health status; wk3 = 14 to 27

DIM; wk7 = 42 to 55 DIM.

?Abnormal UHS group at wk 3 postpartum was composed of cows with G3 or G4 uterine score and at wk 7 by cows with a G2, G3, or G4

uterine score.
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3 and 7 postpartum than cows with a target BCS, in
agreement with Hoedemaker et al. (2009) and Kadivar
et al. (2014). Although we did not measure BCS at
calving in the present study, it is plausible to suggest
that cows with a low BCS during early lactation were
likely exposed to more severe negative energy balance
than cows at target BCS, resulting in greater lipomo-
bilization and increased circulating fatty acid and BHB
concentrations. This metabolic environment decreases
polymorphonuclear cell activity, increasing the risk of
uterine infections (Hammon et al., 2006; Galvao et al.,
2010a).

BCS Change

BCS at calving, postpartum BCS change, and BCS
nadir have been identified as risk factors affecting health
(Shin et al., 2015), production (Roche et al., 2015), and
reproductive performance in dairy cows (Buckley et al.,
2003; Roche et al., 2007). In the present study, BCS
change between wk 3 and 7 was not associated with
any phenotype studied during the postpartum period.
This discrepancy could be attributed to the time BCS
was measured and the maintenance of target BCS in
most cows throughout the study period. In the present
study, 63.8% of the cows did not lose BCS between wk
3 and 7, compared with Santos et al. (2009), in which
32.3% that did not lose BCS between parturition and
first service. It is likely that a BCS measurement at or
before parturition is necessary to quantify the effect of
BCS loss. It should also be noted that we did not enroll
cows with periparturient health problems in the present
study, and this might have influenced our findings in
relation to BCS change.

Metabolic Status

The severity of negative energy balance influences
the concentration of blood metabolites, including plas-
ma fatty acids (Ospina et al., 2013) and BHB (McArt
et al., 2013). Postpartum blood concentrations of fatty
acids, BHB, and glucose have been used to predict
incidence of ketosis, displaced abomasum, and uterine
infections (Shin et al., 2015; Ospina et al., 2010b; re-
viewed by Esposito et al., 2014). Nevertheless, we found
no association between metabolic status and UHS, in
agreement with Burke et al. (2010). This disagreement
between studies might be explained by differences in
milk production system [pasture-based in Burke et al.
(2010) and the present study vs. confinement system
in Ospina et al. (2010b)], DIM when blood sample for
fatty acids and BHB measurement was collected [wk 3
and wk 7 in the present study vs. 14 to 2 d prepartum
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and 2 to 14 d postpartum in Ospina et al. (2010b)],
and categorization of metabolic status carried out in
the present study (good, moderate, and poor). On the
other hand, metabolic status in the present study was
associated with CL status at wk 3: cows with good
and moderate metabolic status were more likely to have
CL present than cows with poor metabolic status. This
was consistent with the well-characterized associations
between energy balance status, LH pulse frequency, and
postpartum interval to first ovulation (Canfield and
Butler, 1990).

Parity

Primiparous cows were 37 and 26% less likely to
have CL present, and 19 and 29% more likely to have
abnormal UHS at wk 3 and 7 postpartum, respectively,
compared with multiparous cows. These findings were
in agreement with Tanaka et al. (2008) and Goshen and
Shpigel (2006). Primiparous cows had greater concen-
trations of plasma fatty acids than multiparous cows 1
wk before parturition and during the early postpartum
period (Wathes et al., 2007). Elevated blood concen-
trations of fatty acids and ketones before parturition
have been associated with reduced periparturient im-
mune function and uterine disease (Hammon et al.,
2006), which in turn influences postpartum interval
to first ovulation (Sheldon et al., 2002). It is possible
that primiparous cows are more sensitive to metabolic
and endocrine signals during the periparturient and
postpartum period, increasing the risk of postpartum
uterine infection and delaying the postpartum resump-
tion of ovulation. Primiparous cows had more favorable
metabolic status than second-parity cows in the current
study: a greater proportion of primiparous cows were
in the good metabolic status group at both wk 3 and
7 than multiparous cows. This reflected the lower milk
yield from primiparous cows during the postpartum
period compared with multiparous cows (Wathes et al.,
2007), and the prerequisite for favorable bioenergetic
status to support continued skeletal growth.

DIM at First Examination

Postpartum examination of dairy cows is undertaken
to assess early clinical findings and administer therapies
if necessary. In the present study, cows examined at
wk 3 were categorized as early (14-18 DIM), medium
(19-23 DIM), or late (24-28 DIM). The highest rate of
CL present and the lowest rate of abnormal UHS were
observed in the late group (Figure 1), highlighting the
importance of DIM at the time of early postpartum ex-
amination. Complete gross involution of the uterus oc-
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curs over a range of 25-30 d postpartum, during which
time uterine dimensions reduce to approximately the
pregravid state (Hussain and Daniel, 1991); clearance
of postpartum uterine infection is hastened by uterine
involution (Sheldon et al., 2006). In the present study,
the longer interval available to cows in the late category
to ovulate a follicle and progress uterine involution at
the wk 3 visit compared with cows in the mid and early
categories is an important criterion for interpreting re-
sults from early postpartum clinical examinations.

PTA and Fertility Sub-index

In the present study, the genetic trait PTA for CIV
was associated with CL status and UHS at wk 3 post-
partum. Cows with the most negative PTA for CIV
had a greater likelihood of having CL present and hav-
ing better UHS at wk 3 postpartum. We also found
evidence to indicate an association between PTA for
survival and UHS at wk 7. In pasture-based systems,
cows that do not establish pregnancy during the breed-
ing period are generally culled at the end of that lacta-
tion. Prompt resumption of ovulatory ovarian cyclicity
is essential to achieve high submission rates during the
first 21 d of the breeding period, reducing the interval
of calving to pregnancy and concentrating the period of
calving the following year (Butler, 2014). Moreover, an
increased number of estrous cycles before first Al has
been associated with greater pregnancy rate (Darwash
et al., 1997). These findings are in agreement with pre-
vious studies from our group (Cummins et al., 2012;
Moore et al., 2014), in which cows with good genetic
merit for fertility traits had superior uterine health,
earlier resumption of cyclicity, shorter estrous cycles,
ovulated larger follicles, and greater luteal phase blood
progesterone concentrations than cows with poor ge-
netic merit for fertility traits.

CONCLUSIONS

The observations arising from this study provide
evidence that CL status, uterine health, BCS, parity,
and individual genetic traits were strongly associated
at both wk 3 and 7 postpartum in seasonal-calving,
pasture-based lactating dairy cows. Target BCS, good
metabolic status, and selecting cows based on PTA for
CIV are all expected to enhance uterine health and
increase the likelihood of hastening the resumption of
estrous cycles during the postpartum period. Further
research is necessary to assess associations between
phenotypes observed in this study and breeding season
reproductive performance in compact calving, pasture-
based dairy cows.
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