Reproductive Management of Lactating Dairy
Cows for First Postpartum Insemination

Abstract

Implementation of systematic breeding programs for
first postpartum insemination in dairy herds have
become an integral part of the reproductive manage-
ment of dairy cows, and they have allowed for increased
insemination rates without compromising fertility. It is
known that the first 3 weeks past the end of the volun-
tary waiting period corresponds to the estrous cycle
of greatest impact on reproduction of dairy herds.
Therefore, assuring high pregnancy rate in this period
is critical to optimize reproduction of dairy cows. This
is related to the economic value of a pregnancy that is
influenced by the day postpartum when the cow becomes
pregnant, the need to manage large groups of cows
without creating systems that might not be implemented
due to difficulty or lack of compliance, and the need to
address deficiencies in cow fertility such as poor estrous
expression and detection.

Introduction

Reproductive efficiency is a major component of eco-
nomic success in dairy herds. The physiological and
environmental stress of high-producing dairy cows neg-
atively affects estrous detection as well as establishment
and maintenance of pregnancy. Recently, it was esti-
mated that the average value of a pregnancy was U.S.
$278 in high-producing herds in the United States;
whereas the cost of a pregnancy loss was substantially
greater (De Vries, 2006).

There are multitudes of issues including management,
the cow’s reproductive physiology and metabolism,
nutrition, genetics, and diseases that influence reproduc-
tion in the dairy cow. Furthermore, consolidation of the
industry with larger herds poses new challenges with
implementation of reproductive programs with large
number of cows. In the past, most dairy herds used
reproductive programs that relied upon observation of
estrus up to a certain number of days in milk (DIM),
and subsequent intervention was only implemented in
cows with advanced DIM and no insemination. Typically,
interventions were based on palpation per rectum of the
reproductive tract and a decision was made based upon
detection of ovarian structures. These more traditional
reproductive programs focused on finding the problem
cow and fixing her; however, in systems based on artificial
insemination (Al), the focus should be on finding non-
pregnant cows to get them pregnant in a timely manner.
Quite often, key indicators of success of conventional
programs were based on averages, such as for DIM at
first Al days open, and calving interval.

Nowadays, reproductive programs have taken a
slightly different approach. The goal is to be proactive
and work with groups of cows. In most cases, the focus
is to increase the rate at which eligible cows become
pregnant and, for that, use of systematic breeding pro-
tocols have become an integral portion of reproductive
management in dairy herds (Caraviello et al., 2006).
Ultimately, the goals are to minimize the variation in the
interval from calving to first Al, increase the rate at
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which eligible cows become pregnant and, consequently,
reduce the interval from calving to pregnancy in a con-
sistent manner.

Indicators of Reproductive Efficiency

Success of Al programs in dairy herds depends upon
accurate and efficient detection of estrus; however, accu-
racy and efficiency of estrous detection are variable and
it depends upon animal, environmental, and manage-
ment factors (Lucy, 2006). For the high-producing dairy
cow, the altered competence of follicles and the smaller
circulating concentrations of estradiol during proestrus
have been associated with reduced estrous detection
rates and fertility (Wiltbank et al., 2006).

Four main factors affect reproductive efficiency in
dairy herds: days postpartum at first Al, estrous detec-
tion rate, pregnancy per Al (P/AI), and pregnancy loss.
As in Chapter 22, in this chapter, the estrous detection
rate is defined as the number of eligible cows receiving
an insemination every 21 days, which is the standard
estrous cycle length for cattle. Eligible cows are those that
have passed the voluntary waiting period (VWP), are not
pregnant, and need to be inseminated. Pregnancy per Al
is defined as the number of pregnancies divided by the
number of Al, which is the typical measure of intrinsic
fertility of the cow. Finally, pregnancy loss is defined as
the proportion of pregnant cows that have experienced
either an embryonic or fetal loss. Table 7.1 depicts an
example calculation of reproductive indices for every
21-day interval past 50 DIM in a herd with 100 eligible
cows for the first 134 DIM.

Of the factors outlined, days postpartum at first
Al and estrous detection rate can be manipulated and
controlled with a certain degree of efficacy. On the
other hand, P/AI and pregnancy loss in high-producing
dairy cows are, in many instances, under little human
control and more difficult to impact. An additional
factor, culling, can bias reproductive indices without
being directly related to reproductive activities in the
dairy.

In order to maintain an adequate interval from calving
to pregnancy and a large proportion of the herd with a
calving interval <13 months, the VWP must be limited
to 60-80 days postpartum. Once insemination starts,
service rate should be 100%, first insemination P/AI
greater than 35%, and the rate of pregnancy at every
21-day estrous cycle above 20%. Manipulation of the
interval from calving to first postpartum Al impacts
reproductive efficiency in dairy cows. Extending the
interval usually increases days open when 21-day cycle
pregnancy rate (PR) is maintained. Ferguson and
Galligan (1993) indicated that PR in the first 21 days past
the end of the VWP explained 79% of the variation in
calving interval of dairy cows. Such high impact is
because all cows in the herd eligible for insemination
have to receive a first A Therefore, optimizing PR at the
end of the VWP is critical to improve reproductive effi-
ciency in dairy herds. In the so-called well-managed
high-producing herds, it is not uncommon to have
50%—55% of the lactating cows pregnant before 110 DIM,
resulting in a median days open of 105 days. These
numbers are usually only achieved with manipulations
of the interval from calving to first Al, and improve-
ments in service rate and P/AIL

VWP and First Postpartum Insemination

Duration of the VWP is, for the most part, a manage-
ment decision that can be easily manipulated.
Traditionally, it varies from 40 to 90 days postpartum in
most dairy herds. Decisions on when to begin Al result
from physiological windows to optimize pregnancy and
economic debate as to when it is best to first inseminate
cows. There have been suggestions that the best interval
from calving to pregnancy in dairy herds is between 100
and 120 days postpartum. As production per cow
increases, particularly when associated with increased
persistence of lactation, delaying first postpartum Al
and time to pregnancy has less impact on the value of
the pregnancy and on the economics of the dairy (De
Vries, 2006).

Table 7.1. Calculation of reproductive indices at different days in milk (DIM)

DIM Eligible cows, n  Detected in estrus, n  Estrous detection, % Pregnant, n  Pregnancy per Al, % Pregnancy rate, %
51-71 100 50 50.0 20 40.0 20.0
72-92 80 50 62.5 20 40.0 25.0
93-113 60 30 50.0 10 333 16.7

114-134 50 25 50.0 9 36.0 18.0

Total 290 155 53.5 59 38.1 20.3
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Insemination early postpartum usually results in
smaller P/AI, and delaying first postpartum Al up to
90-100 days postpartum usually increases fertility
(Tenhagen et al., 2003; Stevenson, 2006). Part of the
improvement in fertility of dairy cows, as first Al is
delayed past the traditional 60-70 days postpartum,
originates from improved uterine health with comple-
tion of uterine involution. In addition, the prevalence of
anovular cows is reduced as the lactation progresses.

Delaying first postpartum insemination to 70-90
DIM increases P/AI but does not necessarily reduce days
nonpregnant or improve overall reproductive perfor-
mance of the herd. Veterinarians and dairy producers
must decide what the main objective of their reproduc-
tive program is when choosing a VWP for the herd.
Typically, for every 21-days lengthening of the VWP, P/
Al has to increase 8%—10% units to compensate for the
delay in first postpartum insemination to obtain similar
days open and proportion of cows pregnant at different
intervals postpartum. In other words, if the VWP of a
dairy herd is 60 days, and P/AI at first insemination is
35%, delaying the VWP to 81 days postpartum has to
result in an increased P/AI to 43% to maintain a similar
median and mean days open. Figure 7.1 depicts an
example of a dairy herd with a VWP of 50 days postpar-
tum and a 21-day cycle PR of 15% (P/AI of 30% and
21-day estrous detection rate of 50%). Early in lactation,
no cow has been inseminated and thus, 100% of the herd
remains nonpregnant. As days postpartum increase, the
proportion of nonpregnant cows declines. The area
above the curves represents the pregnant cows, whereas
the area below the curves represents the nonpregnant
cows. The slope of the lines represents the rate of preg-
nancy. Therefore, curves that drop more abruptly and
reduce the area below them indicate greater PRs.

90; i PR 15/15 - VWP 50
£ 80, : —=—PR 30/15 - VWP 50
© " \

= —+—PR 40/15 - VWP 70

---a--PR 50/15 - VWP 90
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Figure 7.1. Impact of voluntary waiting period and first insemi-

nation P/Al on days nonpregnant. Legend indicates the pregnancy

rate (PR) at first and subsequent Al (30/15 = 30% at first Al, and

15% thereafter) and the voluntary waiting period of 50, 70, or

90 days postpartum.

In this example, ignoring pregnancy losses and culling
of cows, the expected median and mean (£SD) days
nonpregnant for the average herd (21-day cycle PR of
15% and P/AI of 30%: PR15/15—VWP 50 in Figure 7.1)
would be 140 and 158 =9 days, respectively. In the
example herd, if the reproductive program is altered by
increasing service rate in the first 21 days past the VWP
from 50% to 100% by manipulating the estrous cycle,
but P/AI is maintained at 30%, thereby resulting in first
Al PR of 30%, but subsequent estrous cycles are kept at
15% 21-day PR (PR 30/15—VWP 50), then median and
mean days nonpregnant change to 100 and 139 =+ 8 days,
respectively. When the VWP is delayed to 70 days, if P/
Al increases from 30% to 40% and all cows are insemi-
nated in the first 21 days past the VWP (PR 40/15—VWP
70), then median and mean days nonpregnant change to
120 and 143 = 8 days, respectively. Finally, if an addi-
tional delay in VWP is implemented, now to 90 days
postpartum, and P/AI increases to 50% with all cows
again inseminated in the first 21 days past the VWP (PR
50/15—VWP 90), then median and mean days nonpreg-
nant will be 100 and 156 * 8 days, respectively. Therefore,
these data illustrate that careful consideration must be
taken when deciding on what the VWP should be for a
given herd.

Although delaying the first postpartum AI might not
maximize the proportion of pregnant cows at a specific
interval postpartum, despite increased P/AI at first
insemination, inseminating cows very early in lactation
might not be attractive either. Likely, there is an optimum
time postpartum when first Al should be performed, in
which improvements in fertility and maximization of
pregnant cows with adequate days open reach a balance.
In reality, discussions on the optimum time to insemi-
nate a cow have to consider its impacts on reproductive
performance of the herd; risk for a cow to be culled or
die with more calvings in a lifetime, as calving is the
period of greatest risk for culling and death; genetic
progress of the herd, as more calvings in a lifetime results
in more replacement heifers; and milk yield per day of
calving interval, all of which impact the economics of
the decision. Generally, for cows with lactation persis-
tence past peak milk yield of <95% (decline in milk yield
of >5%/month past peak production), it is a consensus
that extending the interval from calving to pregnancy
reduces milk yield/day of calving interval. On the other
hand, for cows with high persistence of lactation, such
as primiparous, or cows with very high milk yield,
becoming pregnant early can have a negative economic
impact on the dairy (De Vries, 2006).

In order to illustrate the differences in control of
interval to first Al, Figure 7.2 depicts scatter graphs of
three different dairy herds with distinct reproductive
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Figure 7.2. Scatter graphs of days in milk (DIM) at first Al rela-
tive to current day postpartum for cows in three dairy herds (A,
B, and (). Each square represents one or more cows. Squares on
the x-axis represent cows that have not received their first insemi-
nation in the current lactation.

management programs for first postpartum Al Each dot
represents one or more cows in the figure. Herd A has a
short VWP, but it is clear that there is little control of the
upper limit to DIM at first insemination. This is typical
of herds that rely solely on estrous detection to insemi-
nate cows. These herds usually begin inseminating cows
early to compensate for the deficiency in estrous detec-
tion and the extended interval to first Al that some cows
experience. Herd B begins to inseminate cows at approx-
imately 50 days postpartum, but almost every cow

receives the first Al no later than 80 DIM. This is typical
of herds that initially rely on estrous detection for Al,
but eventually cows not inseminated after a certain
number of DIM are subjected to some type of timed Al
program. Finally, in herd C, almost every cow receives
the first Al between 65 and 75DIM. This is typical of
herds that decide not to inseminate cows early postpar-
tum, but every cow receives the first Al following an
ovulation synchronization protocol.

The approach taken by herd A as shown in Figure 7.2
is the least effective, as a large proportion of cows receive
the first Al either too early or too late. Early insemina-
tions result in poor P/AI and might compromise milk
yield in current and future lactations. Cows that become
pregnant very early postpartum have short lactations
and may not have time to recover body condition for
subsequent lactations. The approaches taken by herds B
and C likely result in similar reproductive performance
(Chebel & Santos, 2010). Both have advantages and dis-
advantages. In herd B, expenses with labor and hor-
mones for synchronization of estrus or ovulation are
reduced, although P/AI is likely to be less for cows
inseminated early in the VWP than those inseminated at
70-80 DIM (Tenhagen et al., 2003; Chebel et al., 2006;
Stevenson, 2006).

Generally, it is well accepted that the first postpartum
Al should occur anytime between 60 and 90 days post-
partum. If calving interval is to be maintained at <13
months, most herds should begin insemination some-
time after 60 days postpartum, and half of the herd
should be pregnant by 100-110 days postpartum.

Management of Anovular Cows

Every postpartum cow undergoes a period of anovula-
tion; in other words, they do not present regular ovula-
tory periods of 18-24 days. In general, this occurs
immediately after calving but, in some cows, this can
extend for the first 2-3 months postpartum. In some
instances, mid lactation cows can become anovular such
as those that develop follicular cysts.

The delay in estrous cyclicity of postpartum dairy
cows typically results in reduction in the reproductive
performance of the herd because anovular cows have less
estrous expression, reduced P/Al, and increased risk of
pregnancy loss.

One of the characteristics of anovular cows is that they
are not exposed to luteal concentrations of progesterone
in the days that precede the first postpartum Al This
seems to alter the development of the ovulatory follicle,
the response of the endometrium to signals that trigger
the luteolytic cascade resulting in premature release of
endometrial prostaglandins (PGs), and increasing the
incidence of short luteal phases.
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Many are the risk factors for delayed estrous cyclicity
in dairy cows and, among them are the nutritional status
of the cow, body condition score (BCS), parity, season of
calving, occurrence of diseases at calving, the genetic
makeup of the cow, and the herd of origin. It is impor-
tant to indicate that within a herd or a genetic group,
lactation performance seems to have little, if any associa-
tion with the risk of delayed estrous cyclicity. Although
milk yield is associated with changes in estrous behavior
(Lopez et al., 2004), particularly a reduction in estrual
activity as production increases above 35-40kg/day,
there is no indication that higher milk production
impairs the ability of the cow to ovulate.

The therapy and strategies to manage anovular cows
depend to a great extent on the reproductive manage-
ment of the farm. Generally, the use of programs for
synchronization of ovulation and timed Al associated or
not with supplemental progesterone constitute the bases
for the hormonal therapy.

Etiology and Classification of the Anovulatory
Process in Dairy Cows

One obvious reason for lack of ovulation is the presence
of progesterone blocking the luteinizing hormone (LH)
surge by the pituitary. This progesterone can be of luteal
or adrenal origin. Although most cows with persistent
corpora lutea are pregnant and, therefore, they no longer
influence the reproductive performance of the herd,
there still is a small proportion of cows, 7%—10%, that
have persistent corpus luteum. These cows are not preg-
nant, but their corpora lutea persist beyond day 25 after
the last estrus and ovulation. This event seems to be
more common in cows that ovulate early in the postpar-
tum period (Ball & McEwan, 1998). In some cases, the
phenomenon is associated with uterine diseases such as
pyometra and the inability of the endometrium to
secrete prostaglandin F, alpha (PGF,,) in a pulsatile
fashion. These cases can be easily solved by the routine
use of exogenous PGF,, for synchronization of the
estrous cycle. In fact, one of the advantages of routine
use of PGF,, between 30 and 60 days postpartum is the
almost complete elimination of pyometra from dairy
herds, except for cows that suffer from venereal diseases
such as infections by Tritrichomonas foetus.

Wiltbank et al. (2002) characterized three basic physi-
ological patterns of follicle development in dairy cows
classified as anovular. The first included cows with “inac-
tive” ovaries which were those with impaired follicle
development and observation of a dominant follicle
with antral diameter inferior to that typically observed
in cows with a dominant follicle of ovulatory capacity.
In many instances, this is called anestrus. This is a
common phenomenon in postpartum beef cows, or in

cows that undergo extensive feed deprivation and ema-
ciation. It is thought that inadequate gonadotrophic
support, particularly LH, results in follicle development
up to 8—14mm in diameter in lactating dairy cows. In
many cases, the diameter of the largest follicle is less than
that preceding follicle dominance and ovulatory capacity
in dairy cows (Sartori et al., 2001).

In dairy cows, this pattern is more common in those
that lost excessive amounts of body fat and have a very
low BCS, particularly after periods of postpartum dis-
eases. Likely, the major underlying factor is the low LH
pulsatility that compromises the development of the
dominant follicle and acquisition of ovulatory capacity.
These follicles regress and undergo atresia. These cows
have follicles that are not capable of secreting sufficient
estradiol to increase plasma concentrations to those that
can trigger surges of gonadotropin-releasing hormone
(GnRH) and LH. It is suggested that the low concentra-
tions of follicular estradiol are sufficient to block the
pulsatility of GnRH and LH, thereby impeding the mat-
uration of the dominant follicle. Because these are cows
that lost excessive amounts of body fat, they might have
experienced releases of progesterone from adipose tissue,
which further enhances the negative feedback on the
release of GnRH and LH. Furthermore, they also have
inadequate concentrations of metabolic hormones such
as leptin, insulin, and insulin-like growth factor-1 (IGF-
1) that are critical for normal follicle development.

As the postpartum period progresses, dairy cows
move from a period of negative nutritional status to
resume a more favorable energy balance. Sometime in
the first 4-8 weeks postpartum, most lactating dairy
cows have reached positive energy and nutrient balance,
and the associated hormonal and metabolic changes that
encompass the period of positive energy status favor
ovarian activity. Cows in a more positive energy balance
have increased secretion of LH and development of fol-
licles that can reach antral diameters greater than 15 mm.
These follicles become more steroidogenic and capable
of secreting larger quantities of estradiol that induces a
GnRH/LH surge critical for ovulation (McDougall et al.,
1995; Beam & Butler, 1999).

Although some cows develop follicles to diameters
compatible with those of ovulatory follicles, many lose
their dominance and regress. This second group of
anovular cows represents the most prevalent pattern of
anovulation postpartum (Giimen et al., 2003). Follicles
from these cows reach diameters of 16-20 mm, but they
do not ovulate. It is suggested that the decoupling of
the growth hormone (GH) and IGF-1 system has a
pivotal role to reestablish follicular steroidogenesis and
the ovulatory process in dairy cows. Early lactation cows
have high concentrations of GH and low of IGF-1. As
feed intake increases and energy balance improves, the
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concentrations of insulin in plasma also increases
because of the greater flux of propionate and synthesis
of glucose by the liver. The increase in plasma concentra-
tions of insulin as energy balance improves is an impor-
tant signal to reestablish the GH receptor population in
the liver of cows (Butler et al., 2003). This increase in GH
receptor 1A in the hepatic tissue recouples the GH/IGF-1
axis causing substantial increases in plasma concentra-
tions of IGF-1 and enhancing the steroidogenic capacity
of ovarian follicles (Butler et al., 2004).

The third pattern of follicle development in anovular
cows is the cystic ovarian disease. These are cows with
follicles >18 mm in diameter, many times multiple large
follicles with some reaching 35 mm in diameter, but they
lack a corpus luteum. This is thought to be caused by
lack of positive feedback caused by estradiol on GnRH/
LH surge. Giimen and Wiltbank (2002, 2005a) demon-
strated that exposure to estradiol inducing an LH
surge without subsequent exposure to progesterone
caused the development of follicular cysts in a large
portion of the dairy cows. The same authors (Giimen &
Wiltbank, 2002, 2005a) and others (Nanda et al., 1991)
demonstrated that cystic cows do not respond to estra-
diol because of refractoriness of the hypothalamus.
These cows do not display signs of estrus or LH surge
and ovulation upon treatment with estradiol. The under-
lying mechanism is lack of estrogen receptor activity in
the hypothalamus, which can be restored upon exposure
to progesterone.

Diagnosis of Anovular Cows

The diagnosis of anovular cows is manifest in the
absence of a corpus luteum in the ovaries of cows or by
the low concentrations of progesterone in plasma or
serum. Therefore, lack of luteal activity characterizes an
anovular cow. When ultrasonography is used, it is known
that not all visualized corporal lutea reflect concentra-
tions of progesterone that are compatible with those of
cows in diestrus (Bicalho et al., 2008). Different groups
of cows have distinct ovarian morphology characteristics
such as diameter of follicles and corpora lutea. In the
case of lactating dairy cows, the diameter of the corpus
luteum that best predicted luteal concentrations of
progesterone (=1ng/mL) was equal to or greater than
23 mm. This was the cut-point for corpus luteum diam-
eter that resulted in highest combined sensitivity and
specificity for progesterone >1ng/mL (Bicalho et al.,
2008).

Another option for diagnosis of anovular cows is the
sequential measurements of progesterone concentra-
tions in blood collected 7-14 days apart. This is more
difficult to accomplish in veterinary practice as it requires

either radioimmunoassay or enzyme-linked immuno-
sorbent assay (ELISA) techniques. Measurements of pro-
gesterone to characterize anovular cows are typically
done in research settings, and it has been the gold stan-
dard to define the population of cows with delayed
estrous cyclicity. For veterinarians, ultrasonography is
likely the most practical and accurate method to detect
anovular cows (McDougall, 2010). It is a cow-side test
that gives results immediately upon completion of the
exam, but it still requires two sequential scans to be sure
that the cow is truly anovular. Transrectal palpation is
discouraged because of its low sensitivity and specificity
to detect an active corpus luteum (Bicalho et al., 2008;
McDougall, 2010). Generally, use of transrectal palpa-
tion results in misdiagnosis of 40%—60% of the cows. In
other words, for every 10 known cyclic cows presented
to detect an active corpus luteum, 6 will be diagnosed
correctly, whereas 4 will be diagnosed as not having a
corpus luteum.

Because there are periods in the estrous cycle in which
cyclic cows do not have an active corpus luteum, it is
therefore important to have sequential examination to
certify that the prevalence of anovular cows is not inflated
by those animals that might be in proestrus, estrus, or
metestrus. Ideally, to minimize the number of cows in the
phases of the cycle with low progesterone or without a
visible corpus luteum, the diagnosis should be performed
twice no less than 7 and no more than 14 days apart;
otherwise, it is possible that the prevalence of anovular
cows will be overestimated. A practical approach is to
perform a single ultrasound examination at a strategic
time in the postpartum period, when the lack of a corpus
luteum or luteal activity best predicts pregnancy out-
comes. In herds subjected to estrous synchronization
with PGF,, followed by programs to synchronize ovula-
tion, the day of the first GnRH of the timed Al protocols
is the ideal moment for detection of anovular cows (Silva
et al., 2007; Bisinotto et al., 2010a). On this day, the sen-
sitivity and specificity of detecting an anovular cow with
a single ultrasound scan of the ovaries were 85.7 and
87.7%, respectively, with an accuracy of 87.3% (Silva
etal., 2007).

Prevalence of Anovular Cows in Dairy Herds

The prevalence of anovular cows in dairy herds depends
on a series of factors, one of them, perhaps the most
important, the interval postpartum when the diagnosis
is performed. The earlier postpartum the diagnosis is
performed, the greater the prevalence of anovular cows
observed. Walsh et al. (2007) evaluated the prevalence of
anovular cows in 18 Canadian dairy herds using milk
progesterone concentration at approximately 60 days
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postpartum. The authors observed that, within herds,
the prevalence ranged from 5% to 45%. Santos et al.
(2009) evaluated the prevalence of anovular cows at 65
days postpartum in four large dairy herds and observed
that from the 6393 cows sampled, 24.1% were classified
as anovular and, among herds, the prevalence varied
from 18.6% to 41.2%.

There are several risk factors for delayed estrous
cyclicity in postpartum dairy cows and, among them,
those that are important include parity, with primipa-
rous having greater risk than multiparous; cows with low
BCS; cows that have lost excessive BCS in the first weeks
postpartum; cows that had dystocia or experienced a
disease event after calving; and cows calving in the winter
months (Walsh et al., 2007; Santos et al., 2009). It is
important to indicate that, within a herd, more produc-
tive cows are not at a higher risk of having delayed post-
partum ovulation. In fact, Santos et al. (2009) observed
that lower producing cows, those with average milk yield
of 32.1kg/day in the first 3 months postpartum, were
21% less likely to have resumed ovulation by 65 days
postpartum compared with cows producing 50 kg/day in
the same period postpartum.

Ribeiro et al. (2009) characterized the prevalence of
anovulation in Holstein (n = 451), Jersey (n = 183), and
crossbred Holstein and Jersey (n = 602) cows in grazing
systems. The prevalence was greater (P < 0.001) for
Holsteins (31.7%) than for Jersey cows (17.5%) and
crossbreds (15.8%). It is likely that in grazing systems, in
which the availability of food can be limited compared
with confinement systems, those cows of larger body size
and greater maintenance requirements and potential
for milk yield might experience an extended delay in the
first postpartum ovulation.

Walsh et al. (2007) demonstrated that cows that suf-
fered from calving difficulty, twin births, retained pla-
centa, displacement of abomasum, and lameness in the
first 66 days postpartum had a 50%-130% increased
odds of delayed estrous cyclicity. This findings suggest
that the health of the postpartum cow is intimately
related with the ability to resume estrous cyclicity early
postpartum, and cows that suffer from health problems
during the periparturient period will have delayed first
postpartum ovulation, which further compromises
reproductive performance.

Impact of Delayed Estrous Cyclicity on
Reproductive Performance of Dairy Cows

Anovular cows are expected to have a delay in the first
estrus postpartum. Therefore, anovular cows likely have
a greater impact on reproductive performance in herds
in which reproduction is based primarily in estrous

Anovular cows )
80%—-90% ovulation to GnRH

(Gilimen et al. J. Dairy. Sci. 86, 3184-3194)
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Figure 7.3. Pattern of follicle development in anovular cows
subjected to timed Al programs such as the Ovsynch.

detection for insemination. This extends the interval to
pregnancy and creates more variability in when cows
receive their first Al and become pregnant. It is known
that higher producing cows, particularly those housed
on concrete floors, have estrus of shorter duration and
of less activity (Lopez et al., 2004). Therefore, when
anovular, these cows have a profound effect on the
reproductive performance of dairy herds using primarily
insemination upon detection of estrus.

When herds use programs for ovulation synchroniza-
tion that allow for timed Al one of the characteristics of
anovular cows is that they ovulate a follicle at AI that
originated either from the first follicular wave, or a fol-
licle that developed under low systemic concentrations
of progesterone (Bisinotto et al., 2010a; Fig. 7.3).

Anovular cows have not been exposed to progesterone
until their first ovulation. Also, their ovulatory follicles
develop under low concentrations of progesterone as
they are typically in metestrus and early diestrus when
ovulation is induced and Al is performed (Bisinotto
et al,, 2010a). The development of the ovulatory follicle
under low concentrations of progesterone influences the
composition of the follicular fluid (Cerri et al., 2011a,b),
increases the responsiveness of the endometrium to
release PGF,,, which increases short estrous cycles (Cerri
et al., 2011a,b), and alter embryo quality (Rivera et al.,
2011). Finally, insemination of cows that have the ovula-
tory follicle developing under low concentrations of pro-
gesterone results in reduced P/AI (Bisinotto et al., 2010a).
It is interesting to note that anovular cows have similar
P/AI compared with estrous cyclic cows ovulating the
first wave dominant follicle, both of which develop
under low concentrations of progesterone (Bisinotto
et al., 2010a).

Anovular cows not only have reduced P/AI after the
first AI, but they also have increased risk of pregnancy
loss (Santos et al., 2004; McDougall et al., 2005),
and reduced PR (Walsh et al.,, 2007). Overall, the
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compromised reproductive performance of these cows
increases their risk to be culled from the herd.

Preventive and Therapeutic Strategies
for Management of Anovular Cows
in Dairy Herds

The management of cows during late gestation and early
lactation is critical to minimize the risk factors that are
associated with delayed estrous cyclicity. Programs that
prevent metabolic diseases in early lactation, proper care
during calving to reduce dystocia, and fresh cow proto-
cols that allow for quick identification and treatment
of sick cows are vital to improve reproduction in dairy
herds. Implementation of these measures is expected to
minimize body weight and BCS losses in early lactation
as consequence of diseases.

Gong et al. (2002) demonstrated that diets rich in
starch, also called glucogenic diets, increase the concen-
trations of insulin in early lactation, and they advance
first postpartum ovulation. Nevertheless, caution is
needed when excessive fermentable carbohydrates are
fed because propionate is a known powerful hypopha-
gic agent in ruminants (Allen et al., 2009). When early
lactation cows received a daily injection of 751U of slow
release insulin plus 30g of dextrose IV in the first 14
days postpartum, interval to first ovulation was not
altered, but expression of estrus was enhanced (Casas,
2010). Therefore, it is important that early lactation
diets promote high caloric intake, primarily from dietary
ingredients that stimulate gluconeogenesis to enhance
plasma glucose and insulin. Nevertheless, these dietary
manipulations should not be done at the expense of
appetite and intake, otherwise, the overall caloric con-
sumption by the cow might not be maximized. Probably,
the critical point is to ensure that every cow has access
to feed and is capable of consuming the largest quantity
of diet possible, at the same time that a health prevention
and treatment program is implemented to control and
treat periparturient diseases that commonly affect dairy
cows.

One method to minimize the impact of anovular cows
on fertility is to delay the VWP. As the interval to first AI
is extended, the prevalence of anovular cows declines,
which decreases impact on fertility at first insemina-
tion. Chebel et al. (2006) demonstrated that 30% of the
anovular cows on day 49 postpartum resumed estrous
cyclicity at 62 days postpartum. Similarly, Lopez et al.
(2005) observed that 53.9% of the anovular cows on day
71 postpartum had resumed ovulation at 100 days post-
partum. Nevertheless, the delay in first Al to minimize
the impact of anovular cows on P/AI may not necessarily
improve the reproductive performance of the herd, as
previously discussed.

Treatment with 100 ug of GnRH (gonadorelin) induces
ovulation in more than 80% of the treated anovular cows
(Giimen et al., 2003; Galvao et al., 2007). Therefore, an
efficient method to induce ovulation and formation of a
corpus luteum in anovular cows is simply to treat them
with GnRH. Another strategy is to supplement proges-
terone. Treatment of anovular cows with intravaginal
inserts containing progesterone, such as the controlled
internal drug release (CIDR; EAZI-BREED™ CIDR®,
Pfizer Animal Health, New York, NY), is capable of induc-
ing estrous cyclicity in anovular cows (Glimen &
Wiltbank, 2005b). Giimen and Wiltbank (2005b) dem-
onstrated that treatment with CIDR for 3 days induced
ovulation in all treated cows that had been induced to
develop a cystic follicle. In studies with hundreds of
anovular cows, treatment with CIDR for 7 days induced
estrous cyclicity in 50%-55% of the treated cows (Chebel
et al., 2006; Cerri et al., 2009a). Therefore, there still are
45%-50% of the anovular cows that are refractory to
progesterone and the latter is not capable of reestablish-
ing normal ovulatory cycles. Although inducing ovula-
tion solves the anovular state, it does not solve the most
important issue, which is to obtain a pregnancy.

After the development of protocols for synchroniza-
tion of ovulation and Al at fixed time such as the Ovsynch
(day 0 GnRH, day 7 PGF,,, day 9.5 GnRH, day 10 AI), it
became very attractive to implement such programs for
treatment of anovular cows. They induce ovulation in
most of these cows (Giimen et al., 2003; Galvao et al.,
2007), at the same time that insemination is performed
with a reasonable P/AI. De Vries et al. (2006) indicated
that the use of Ovsynch and timed Al was economically
superior compared with the use of CIDR and observa-
tion of estrus for treatment of anvoular cows. More
recently, McDougall (2010) also concluded that the use
of timed Al, in this case the Ovsynch program combined
with a CIDR, resulted in the highest economic benefit as
therapy for anovular cows.

One such strategy to treat anovular cows is the com-
bination of timed AI with supplemental progesterone.
Six experiments evaluated the efficacy of supplemental
progesterone during timed AI programs in anovular
cows and are shown in Table 7.2. In only two of them
was P/Al increased statistically (Stevenson et al., 2008).
After compiling all these data, the overall improvement
in P/AI of anovular cows subjected to timed AI and
supplemented with progesterone was of 4.9% units
(32.3% vs. 27.4%).

Another strategy is the use of methods to presynchro-
nize the estrous cycle that also induce ovulation. These
programs involve additional hormonal treatments, but
the expectation is that a larger proportion of cows will
be estrous cyclic and in diestrus at the beginning of the
timed AI program. Chebel et al. (2006) incorporated a
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Table 7.2. Effect of supplemental progesterone as controlled internal drug release
(CIDR) during the timed Al programs on P/Al of anovular dairy cows

Treatment

Control

1 CIDR 2 CIDR

References

% (no./no.)

Chebel et al. (2010)
El-Zarkouny et al. (2004)
Galvao et al. (2004)
Lima et al. (2009)
Stevenson et al. (2006)
Stevenson et al. (2008)
Overall mean

20.0 (5/25)

27.2 (60/221)

27.6 (24/87)
30.3 (29/96)
24.17(28/116)
27.4 (166/606)

(
(
32.8 (20/61)
(
(

31.4 (70/223) —
55.6 (15/27) —
25.0 (13/52) —
29.5 (23/78) 36.5 (31/85)
33.5 (30/88) —
32.3%(50/155) —
32.3 (201/623) —

abp<0.05.

CIDR during the presynchronization of the estrous
cycle. The Ovsynch program was initiated 13 days after
the removal of the CIDR. The authors concluded that,
although the use of CIDR improved the proportion of
cyclic cows initiating the timed Al program, it was not
sufficient to improve fertility at first Al. Similar results
were observed by Bicalho et al. (2007), and the incorpo-
ration of the CIDR during presynchronization with
PGF,, is not warranted at the moment.

A second option is to induce ovulation with GnRH
before initiating the Ovsynch program. It is expected
that an injection of GnRH will induce ovulation and
presynchronize the estrous cycle such that cows initiate
the Ovsynch protocol in early diestrus (Bello et al., 2006).
For detailed discussion, see the section on “Alternative
Presynchronization Methods.”

Implementing Reproductive Programs
for First Al

High-producing lactating dairy cows have compromised
duration and intensity of estrous expression (Wiltbank
et al., 2006; Yaniz et al., 2006). Therefore, implementa-
tion of reproductive programs based on synchronization
of estrus, ovulation, or both is needed to optimize repro-
ductive efficiency in dairy herds.

Estrous Synchronization Protocols

Estrous synchronization protocols allow for insemina-
tion of cows with little control over time of insemination
and the total number of cows serviced. Because estrous
synchronization protocols do not control moment of
ovulation, detection of estrus is required, and these pro-
tocols only become effective when estrous detection rate
is good to excellent. Two major impediments for the

success of programs that are based solely on estrous syn-
chronization are the poor expression of estrus in high-
producing cows and the high prevalence of anovular cows
during the first 60 days postpartum (Wiltbank et al., 2006;
Santos et al., 2009). Estrous expression and detection can
be further compromised by environmental and animal
factors such as poor footing and inadequate surface for
mounting activity, lameness, and lack of individual
animal attention as the industry consolidates and farms
become larger with fewer employees per cow (Lucy, 2006).

Synchronization of estrus can be accomplished simply
by systematic use of PGF,,. The use of PGF,, to synchro-
nize estrus is the most common protocol implemented
in dairy farms. It consists of single or multiple injections
of PGF,, or analogs to regress a responsive corpus
luteum, which causes the cow to return to estrus in 2—7
days. The corpus luteum is generally responsive to PGF,,
only after day 5 of the estrous cycle, and a single injection
of PGF,, given at random stages of the estrous cycle
should induce estrus in approximately 60%—70% of the
cycling cows. When two injections of PGF,, are given
10-14 days apart, over 90% of the cycling cows are
expected to respond to the second injection. However,
frequency of anovular cows and lack of optimal estrous
detection can have a major impact on the number of
cows responding to PGF,, and observed in estrus. On
most dairy farms, utilization of two PGF,, injections in
the first 50 days postpartum results in estrous detection
rates following the second injection between 50% and
60% (Bruno et al., 2005; Chebel et al., 2006). Because
PGF,,, has no impact upon follicular development and,
therefore, no control over follicle wave emergence, cows
in this program come into estrus at different days fol-
lowing the injection, with little precision over time of
insemination and ovulation.
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Response to PGF,, can be improved by controlling
follicle growth and assuring that a responsive corpus
luteum is present at the moment of treatment. Turnover
of follicles can be achieved by an injection of GnRH,
which induces an LH surge and ovulation of a dominant
follicle with subsequent recruitment of a new cohort of
follicles. However, the use of GnRH to recruit a new fol-
licular wave is only effective when the dominant follicle
is responsive to LH. Generally, follicles larger than 10 mm
in diameter have undergone deviation and have devel-
oped LH receptors in the granulosa cells. This seems to
be the threshold diameter for follicles to respond to LH
(Sartori et al., 2001). Response to GnRH is optimum
when it is administered on days 5-9 of the estrous
cycle and up to 80%-90% ovulation can be achieved
(Vasconcelos et al., 1999; Bello et al., 2006). When given
at random stages of the estrous cycle, it is expected that
50%—-60% of the treated cows will ovulate in response to
GnRH. Utilization of GnRH followed 7 days later by
PGF,, is a simple program that increases response to
PGF,, and improves synchrony of estrus.

Another method to improve estrous response to
PGF,, is to combine with an intravaginal progesterone
insert. Inserts, such as the CIDR, result in subluteal con-
centrations of progesterone in high-producing dairy
cows (Cerri et al., 2009a), which are sufficient to block
estrus and ovulation and increase tightness of estrous
detection (Chebel et al., 2006). When combined with an
injection of PGF,,, the use of progesterone inserts should
be limited to no longer than 7 days to avoid persistent
follicle and a reduction in subsequent fertility. The most
common protocol is the insertion of the intravaginal
device for 7 days, with an injection of PGF,, on day 6 or
7. Estrous response to a combination of progesterone
and PGF,,, treatment is usually high, and more than 70%
of the cows that come into estrus do so between 2 and 4
days after removal of the insert and administration of
PGF,,, (Chebel et al., 2006). When postpartum cows were
treated with CIDR for 7 days and received PGF,, at insert
removal, distribution of estrus was altered and cows
were inseminated sooner when compared with PGF,,
alone (Chebel et al., 2006). Improvements in this proto-
col can be attained by the addition of an injection of
GnRH at the CIDR insertion to recruit a new follicular
wave as shown in Figure 7.4.

Another option is the use of estrogens combined with
progesterone insert and PGF,,. A commonly used
program is the administration of 2mg of estradiol ben-
zoate concurrent with a CIDR insert. The estrogen
increases concentrations of estradiol in blood, which
causes atresia of the ovarian follicles. After estradiol con-
centrations decline, a new wave of follicle development
is recruited, which occurs between 3.5 and 4.5 days after

Estradiol
benzoate

CIDR for 8-9 days

} Detection of estrus and Al
CIDR for 7 days

Figure 7.4. Methods to improve synchrony of estrus utilizing
either GnRH/PGF,,, with supplemental progesterone for 7 days, or
alternatively estradiol benzoate/PGF,,, with supplemental proges-
terone for 8-9 days.

estradiol benzoate treatment. Because of this delayed
emergence of the new follicular wave, it is advised that
the interval between estrogen treatment and induction
of luteolysis be kept at 8-9 days (Fig. 7.4). Although
estrogens can be effectively used for synchronization of
the estrous cycle in dairy cows, their use in food-
producing animals has been scrutinized, and many
countries have banned the use of such products for
reproductive management of dairy cattle.

Timed Al

Manipulation of the estrous cycle to improve service rate
and fertility usually has a positive impact on PRs. Timed
Al protocols rely on control of the estrous cycle by
synchronizing follicular development, corpus luteum
regression and, ultimately, ovulation to allow for insemi-
nation at fixed time with adequate P/AI (Thatcher
et al., 2001). Such programs have become an integral
part of reproductive management in many dairy herds
(Caraviello et al., 2006) because of the recognized prob-
lems with expression and detection of estrus in dairy
cows (Lucy, 2006).

The most accepted timed Al protocols in dairy herds
in the United States are the Ovsynch and Co-Synch pro-
tocols, which consist of an injection of GnRH given at
random stages of the estrous cycle, followed 7 days later
by a luteolytic dose of PGF,,,. For Ovsynch, a final GnRH
injection is given at 48-56 h after PGF,,, and fixed-time
Al is performed 12-16h later as shown in Figure 7.5.
When Co-Synch is utilized, cows are fixed-time insemi-
nated 48 or 72h after the PGF,, and GnRH is given
concurrently with Al These protocols have been imple-
mented very successfully in many commercial dairy
farms as a strategy for Al during the first postpartum
service, as well as for reinsemination of nonpregnant
cows. Although timed Al protocols allow for insemina-
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Estrous detection and Al
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Figure 7.5. The Ovsynch and Co-Synch protocols for timed arti-
ficial insemination of dairy cows. Note that cows might display
estrus during these programs, and detection of estrus is sug-
gested for maximum pregnancy per insemination.

COSYNCH

tion without the need for estrous detection, approxi-
mately 10%-15% of the cows display signs of estrus
during the protocol. They should be inseminated
promptly if maximum PR is to be achieved.

Pursley et al. (1997a) evaluated P/AI in lactating dairy
cows (n =310) and heifers (n = 155) when Al was per-
formed following the Ovsynch protocol or a synchroni-
zation program utilizing only PGF,, injections. Cows in
the PGF,, treatment received as many as three injections
14 days apart if signs of estrus had not been observed.
Cows in this group not detected in estrus after the third
injection of PGF,, were timed-inseminated 72-80h
later. Pregnancies per Al for the two programs were
similar, averaging 38%. For the lactating cows, estrous
detection rate after the first two injections of PGF,, aver-
aged 54.0% following each injection, with an overall
81.8% for the 28-day period. Because of the low estrous
detection rate in the PGF,, group, cows enrolled in the
Ovsynch-timed Al protocol experienced greater PR. In a
subsequent study by the same group (Pursley et al.,
1997b), lactating dairy cows from three commercial
herds (n =333) were randomly assigned to either the
Ovsynch protocol or Al based on estrous detection with
periodic use of PGF,, Nonpregnant cows were rein-
seminated using the original treatment. Median days
postpartum to first Al (54 vs. 83; P <0.001) and days
open (99 vs. 118: P < 0.001) were reduced in cows receiv-
ing Ovsynch compared with cows inseminated following
detection of estrus.

The positive effects of timed AI, compared with
reproductive programs based on detection of estrus, on
reproductive efficiency of a herd are only observed when
P/AI is not reduced with insemination at fixed time and
detection of estrus is deficient (Tenhagen et al., 2004).

When timed Al was implemented in two herds with
distinctly different reproductive performance, the ben-
efits from a systematic breeding program were more
clearly demonstrated in the herd with poor estrous
detection rate (Tenhagen et al., 2004).

Improving Response to Timed Al
by Presynchronization

Response to the Ovsynch protocol is optimized when
cows ovulate to the first GnRH injection of the program
(Cerri et al., 2009b), and when a responsive CL is present
at the moment of the PGF,, treatment (Chebel et al.,
2006). Vasconcelos et al. (1999) initiated the Ovsynch
protocol at different stages of the estrous cycle and
observed that synchronization rate to the second GnRH
injection was higher when cows received the first GnRH
injection prior to day 12 of the estrous cycle. Also, initia-
tion of the Ovsynch protocol between days 5 and 9 of
the estrous cycle resulted in the greatest ovulation rate.
Ovulation to the first GnRH injection and initiation of
a new follicular wave should improve P/AI (Chebel et al.,
2006) because it results in a follicle with reduced domi-
nance at Al (Cerri et al., 2009b). Furthermore, initiating
the Ovsynch protocol prior to day 12 of the estrous cycle
should minimize the number of cows that come into
estrus and ovulate prior to the completion of the program
(Moreira et al., 2001).

The importance of inducing follicle turnover was
demonstrated when Cerri et al. (2009b) evaluated
embryo quality in nonsuperovulated early lactation
dairy cows. Cows receiving the Ovsynch protocol initi-
ated on day 3 of the estrous cycle had lesser ovulation
rate to the initial GnRH than those initiating the program
on day 6 of the estrous cycle. The reduced ovulation rate
(7.1% vs. 83%) was associated with smaller dominant
follicles (9.5 vs. 14.8 mm) at the moment of the initial
GnRH injection and extended period of ovulatory fol-
licle dominance. When embryos were flushed on day 6
after AJ, fertilization was similar among treatments, but
cows initiating the Ovsynch on day 3 had embryos that
were less developed and with fewer cells than those of
cows initiating the Ovsynch on day 6.

Moreira et al. (2001) designed a presynchronization
protocol to optimize response to the Ovsynch program
by giving two injections of PGF,, 14 days apart, with
the second injection given 12 days prior to the first
GnRH of the time Al protocol. This presynchronization
program increased P/AI at 32 and 74 days after insemi-
nation in estrous cyclic cows. El-Zarkouny et al. (2004)
later reinforced the findings of Moreira et al. (2001) and
demonstrated an increased proportion of cows with
high progesterone concentrations at initiation of
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Ovsynch (59% vs. 72%) and improved P/AI (37.5% vs.
46.8%) regardless of cyclic status before initiation of the
program. Because of the convenience of giving injections
on the same day of the week, many producers have opted
for administering the PGF,, injections of the presyn-
chronization protocol on the same day of the injections
of the Ovsynch protocol, which results in an interval
between presynchronization and initiation of Ovsynch
of 14 days. Navanukraw et al. (2004) clearly demon-
strated that a 14-day interval between presynchroniza-
tion and initiation of the Ovsynch was beneficial to P/
Al; however, in all these studies (Moreira et al., 2001;
El-Zarkouny et al., 2004; Navanukraw et al., 2004), cows
assigned to the control groups did not receive PGF,,
during the postpartum period, which might improve
uterine health and, then, fertility of dairy cows.
Furthermore, although presynchronizing cows 14 days
before initiating the Ovsynch improved P/AI compared
with no presynchronization (Navanukraw et al., 2004),
the interval is not optimal and results in poor ovulation
rate to the initial GnRH of the Ovsynch (Chebel et al.,
2006; Galvao et al., 2007). Galvao et al. (2007) demon-
strated that reducing the interval between presynchroni-
zation and timed Al from 14 to 11 days (Figure 7.6)
increased ovulation to the initial GnRH of the timed Al
protocol and improved P/AI

Collectively, this data indicates that when timed Al is
used in dairy herds, it is important to consider methods
of presynchronization of the estrous cycle to optimize
fertility of dairy cows. One such method is the sequential
treatments with PGF,, administered 14 days apart, and
initiation of the timed AI 11 days after the second PGF,,,
(Galvao et al., 2007).

Alternative Presynchronization Methods

Presynchronization with PGF,, is only effective in
estrous cyclic cows (Moreira et al., 2001). Because the

Presynchronization
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Figure 7.6. Diagram of treatments for presynchronization of the
estrous cycle with PGF,,, followed by the Ovsynch protocol for first
postpartum insemination of dairy cows.

prevalence of anovular cows is high in the first 60 days
postpartum (Walsh et al., 2007; Santos et al., 2009), it is
possible that methods that incorporate GnRH or proges-
terone might benefit cows prior to first Al. The use of
CIDR during the presynchronization with PGF,, was
discussed previously, and no further benefit beyond
what was obtained with PGF,, alone was observed.

Rutigliano et al. (2008) evaluated two presynchroniza-
tion programs prior to the Ovsynch protocol for first Al.
Cows received the two injections of PGF,,, 14 days apart,
with the second injection given 12 days before the first
GnRH of the Ovsynch protocol. The alternative presyn-
chronization included CIDR for 7 days with an injection
of PGF,, at insert removal and initiation of the Ovsynch
protocol 3 days later. Although the method of presyn-
chronization altered ovulatory responses to the first
GnRH of the Ovsynch and increased double ovulation,
P/AI and pregnancy loss were similar between the two
treatments. It is known now that initiating the timed AI
program in proestrus, although beneficial to ovulatory
response to the initial GnRH, can compromise fertility
of dairy cows because of development of the ovulatory
follicle under low systemic concentrations of progester-
one (Bisinotto et al., 2010a), which compromises embryo
quality (Rivera et al., 2011) and increases the risk of
short luteal phases (Cerri et al., 2011a)

Table 7.3 is a summary of published literature in
which the presynchronization program before the timed
Al protocol was altered and fertility of dairy cows was
measured by P/AL The benefits to fertility were, gener-
ally, of small magnitude when compared with programs
using PGF,, alone. The use of PGF,,, followed by GnRH,
with the beginning of the Ovsynch starting at 6 or 7 days
later was not superior to the use of PGF,, alone (Galvao
et al.,, 2007; Ribeiro et al., 2009). In fact, even when
PGF,,/GnRH combination for presynchronization was
compared with no presynchronization at all, the benefit
to fertility was limited (Peters & Pursley, 2002; Bello
et al., 2006).

A potentially more promising system is the use of the
double Ovsynch program; cows are subjected to two
sequential Ovsynch protocols and insemination is per-
formed at the end of the second program. Souza et al.
(2008) observed that this strategy improved fertility of
primiparous dairy cows when compared with presyn-
chronization based on two doses of PGF,,. Ribeiro et al.
(2011) compared similar strategy in 1754 lactating dairy
cows in three herds subjected to grazing and supplemen-
tal concentrates. There were not overall differences in
fertility between cows subjected to the double Ovsynch
and cows presynchronized with two doses of PGF,, as
shown in Table 7.3. When the responses were divided
according to cyclic status, those classified as cyclic (1495
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Table 7.3. Effect of methods of presynchronization on P/Al following timed Al in dairy cows

Method
Control PGF PGF-GnRH Double Ovsynch
Bello et al. (2006) 27.0% (7/26) — 50.0° (13/26) —
Peters and Pursley (2002) 38.3 (80/209) — 41.5 (90/218) —

Galvao et al. (2007)
Ribeiro et al. (2009) —
Ribeiro et al. (2011)
Souza et al. (2008) —

— 40.5 (166/410)
45.1 (285/632)
— 59.0 (514/871) —
41.7° (75/180) —

39.8 (156/392) —
43.3 (269/622) —
56.8 (501/882)
49.7° (78/157)

2P < 0.05.
“pP<0.10.

cows) had P/AI of 60.1% and 63.2% when receiving the
double Ovsynch and two doses of PGF,,, alone, respec-
tively; for the 258 anovular cows, the P/AI were 38.2%
and 34.7%, for double Ovsynch and two doses of PGF,,,
alone, respectively.

Timing of Induction of Ovulation and
Insemination in Timed Al Programs

Timing of induction of ovulation after luteolysis and
subsequent interval to insemination in timed Al proto-
cols influences fertility of dairy cows. Pursley et al. (1998)
observed that P/AI were reduced when cows were insem-
inated 32h after the GnRH injection, and maximum
pregnancy and calving rates were observed when cows
received timed Al at approximately 16h after the final
GnRH injection of the Ovsynch as shown in Figure 7.5.
However, insemination of lactating dairy cows 16 h after
the final GnRH requires management of cattle twice
the same day, which often is seen as inconvenient and
resisted by dairy producers. Because of such restriction,
Portaluppi and Stevenson (2005) evaluated modifica-
tions of Ovsynch and observed increased pregnancy and
calving rates, as well as reduced pregnancy loss when
cows received the final GnRH and timed Al at 72 h after
PGF,, compared with cows that received the final GnRH
48h after the PGF,, and were inseminated either at 48
or 72h. However, recent studies by others have not
observed differences in P/AI when cows were subjected
to the Co-Synch protocol either at 48 or 72 h (DeJarnette
& Marshall, 2003; Sterry et al., 2007; Brusveen et al,,
2008).

Work from Brusveen et al. (2008) demonstrated that
maintaining an interval of 16h between induction of
ovulation with GnRH, when GnRH is given at 56 h after
induction of luteolysis, and timed Al optimizes preg-
nancy per insemination in presynchronized cows at first

Al and resynchronized cows as shown in Table 7.4.
Therefore, it is advised that for lactating dairy cows, the
Ovsynch program, in which GnRH is administered 16 h
before Al, is a protocol preferable to inseminating cows
concurrent with the final GnRH treatment as it occurs
in the Co-Synch protocol.

Reducing the Period of Follicle Dominance in
Timed Al Programs

The estrous cycle of lactating dairy cows is characterized
by a greater incidence of two waves of follicle growth
compared with those of growing heifers that are more
likely to have three follicular waves (Savio et al., 1988).
Cows with two waves of follicle development have the
interval from follicle emergence to estrus of approxi-
mately 3.5 days longer than cows with three follicular
waves (Bleach et al., 2004). It has been demonstrated that
as the period of follicle dominance increases, embryo
quality decreases (Cerri et al.,, 2009b) and fertility is
compromised (Bleach et al., 2004). In fact, cows with
three waves of follicle development had greater P/AI
than those with two waves. Using the Ovsynch protocol,
Cerri et al. (2009b) reported that ovulatory follicles with
shorter length of dominance (5-6 days) yielded a greater
proportion of better quality embryos than cows with
ovulatory follicles with length of dominance greater than
6.5 days.

One means of reducing the period of ovulatory follicle
dominance is to shorten the interval from follicle recruit-
ment to luteal regression. The traditional timed Al pro-
grams based on GnRH/PGF,,, uses 7 days between the
first injection of GnRH to the injection of PGF,, to
assure that a newly induced corpus luteum is responsive
to the luteolytic effects of PGF,,. In these programs,
more than 85% of the cows undergo luteolysis (Santos
et al., 2010). However, in such programs, the period of
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Table 7.4. Effect of timing of induction of ovulation and Al after induced luteolysis on pregnancy per Al of dairy cows

Co-Synch'
48h 60h 72h

References % (no. cows) Ovsynch? P

Delarnette and Marshall (2003) — 22.0 (173) — 28.6 (175) 0.16
Portaluppi and Stevenson (2005) 22.8 (224)* — 31.4 (220)* 23.5 (221)° 0.05
Hillegass et al. (2008) 44.0 (486) — 44.7 (485) — 0.27
Brusveen et al. (2008) presynchronized Al 38.0 (108)?* — 27.5 (120)° 45.2 (115)° 0.05
Brusveen et al. (2008) resynchronized Al 23.6 (386)° — 27.2 (397)* 33.0 (342)° 0.05
Sterry et al. (2007) presynchronized Al 29.5 (146) — 36.9 (206) — 0.13
Sterry et al. (2007) resynchronized Al 28.0 (236) — 29.7 (222) — 0.93

' Cows received the final GnRH and timed Al either at 48, 60, or 72 h after induced luteolysis.
2Cows received the final GnRH either at 48 (Portaluppi & Stevenson, 2005) or 56 h (Brusveen et al., 2008) after induced luteolysis

and timed Al was performed 72 h after induced luteolysis.
2bSuperscripts in the same row differ (P < 0.05).
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Figure 7.7. Diagram of treatments for the 5-day Co-Synch 72h
with two injections of PGF,, administered 24 h apart.

follicle dominance in cows that do not ovulate to the first
GnRH can be long, in some cases up to 10 days. Reducing
the period of follicle dominance by decreasing the inter-
val between the injection of GnRH to the injection of
PGF,, from 7 to 5 days increases P/Al in lactating dairy
cows (Santos et al., 2010). In such program, an addi-
tional injection of PGF,, is needed to assure that newly
formed corpora lutea induced by the initial GnRH can
be fully regressed (Fig. 7.7; Santos et al., 2010). Following
presynchronization of the estrous cycle with two injec-
tions of PGF,,, cows were randomly assigned to a Co-
Synch 72h protocol (day 0 GnRH, day 7 PGF,,, day 10
GnRH + Al) or to a 5-day Co-Synch 72 h with two injec-
tions of PGF,, (day 0 GnRH, days 5 and 6 PGF,,, day 8
GnRH + AI). Corpus luteum regression (96.3% vs.
91.5%) and P/AI (37.9% vs. 30.9%) were both greater
for cows in the 5-day Co-Synch 72h than the Co-Synch
72. When only cows that regressed their corpora lutea
were evaluated, P/AI was still greater for the 5-day
program (39.3% vs. 33.9%). Therefore, reducing the

interval from GnRH to induced luteolysis to 5 days
improves P/AI, but it requires two doses of doses of
PGF,, given 24 h apart to ensure complete regression of
the corpus luteum.

Using a similar approach, Bisinotto et al. (2010b) con-
ducted extensive experiments and demonstrated that for
the 5-day program, P/AI was similar when cows received
the final GnRH either 16 h before timed AI (day 0 GnRH,
days 5 and 6 PGF,,, day 7.5 GnRH, day 8 AI) or concur-
rent with Al as previously described (46.4% vs. 45.5%).
Recently, extensive studies with grazing dairy cows pro-
ducing 7000kg of milk/year have shown that the 5-day
Co-Synch 72h protocol resulted in P/AI ranging from
50% to 66% in over 3000 cows receiving the first insemi-
nation postpartum (Ribeiro et al., 2009, 2011). Thus, the
5-day Co-Synch 72h program is an efficient synchroni-
zation program to optimize fertility of dairy cows.

Collectively, these programs that have fine-tuned the
dynamics of follicle development, corpus luteum devel-
opment and regression, and timing of ovulation and
insemination assure that all cows are inseminated at a
predetermined day and result in high P/AIL

Insemination After Presynchronization

A common program adopted on many farms in the
United States is to administer two injections of PGF,,
at an interval of 14 days, with the second injection given
at the end of the VWP. In many instances, the second
PGF,, injection is given at approximately 50-55 days
postpartum. Cows are then inseminated following
the second injection, and those not inseminated in the
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following 11 days are enrolled in a timed AI protocol.
Because 45%-55% of the cows display estrus and are
inseminated following the second PGF,, of the presyn-
chronization, these cows end up receiving the first Al
early in the postpartum period. Studies have demon-
strated that P/AI of dairy cows improves as the lactation
progresses up to 70-90 days postpartum (Pursley et al.,
1997a; Tenhagen et al., 2003; Stevenson, 2006). Cows
inseminated on estrus following the presynchronization
have less P/AI than those inseminated after the comple-
tion of the entire program (presynchronized-timed Al),
3 weeks later (Bruno et al., 2005; Chebel et al., 2006).
However, insemination of cows on estrus during presyn-
chronization reduces the interval to first AI and costs
associated with reproductive hormones and labor.

In an attempt to evaluate whether cows should be
inseminated following presynchronization or subjected
to timed AI, Chebel and Santos (2010) assigned 639
high-producing Holstein cows in early lactation to a
short or long VWP by allowing or not insemination after
the second PGF,,, of the presynchronization protocol. All
cows received two injections of PGF,, on days 35 and 49
postpartum. Cows assigned to the short VWP were
inseminated if observed in estrus from 49 to 62 days
postpartum, and those not inseminated were submitted
to the Ovsynch-timed AI protocol, whereas cows
assigned to the long VWP were all inseminated at 72 DIM
following the Ovsynch protocol. The proportion of short
VWP cows inseminated in estrus was 58.9%, and the
interval from parturition to first AI was shorter for
short VWP cows than for long VWP cows (64.7 £ 0.4 vs.
74.2 £ 0.5DIM). Inseminating cows following the
second PGFE,, of the presynchronization protocol did
not affect P/AI after the first postpartum Al and the rate
of pregnancy during the first 300 days postpartum. In
some cases, inseminating cows following the second
PGF,, of the presynchronization results in less P/AI
compared with cows that receive the presynchronization
and are only inseminated at fixed time after the Ovsynch
protocol (Bruno et al., 2005). However, despite the risk
of a reduction in P/AI, cows inseminated following the
presynchronization receive their first Al earlier, which
compensates for the reduction in P/AI and results in
similar interval to pregnancy (Chebel & Santos, 2010).
The median days to pregnancy for cows in the short
VWP that were allowed to be inseminated following the
second PGF,, of the presynchronization was 125, whereas
in cows in the long VWP, in which all received timed Al,
it was 134.5 days (Chebel & Santos, 2010).

These results suggest that insemination of cows after
the second PGF,, of the presynchronization results in
similar or slightly less P/AI, but because cows are insemi-
nated earlier, the interval postpartum to pregnancy is

not altered. This gives flexibility to producers who might
decide to inseminate cows that display estrus after the
second PGF,, of the presynchronization, or inseminate
all cows at timed Al The first option reduces costs with
treatments, but the latter optimizes first service P/Al,
with both resulting in similar time to pregnancy. Of
course, estrous detection efficiency of the herd would be
an important factor for success of the estrous detection-
based program (Tenhagen et al., 2004).

Use of Progesterone Inserts with Ovulation
Synchronization Protocols

Progesterone inserts such as the CIDR are capable of
delivering sufficient progesterone to block luteolysis and
to induce estrous cyclicity in anovular cows (Chebel et al.,
2006; Cerri et al., 2009a). Therefore, they become attrac-
tive tools to be used in reproductive programs to tighten
the synchrony of estrus and ovulation and to improve
fertility of anovular dairy cows or cows with low concen-
trations of progesterone. When cows have their estrous
cycle presynchronized with PGF,, and they all receive
timed Al incorporation of the CIDR into the program is
usually not beneficial to fertility (El-Zarkouny et al.,
2004; Galvao etal.,2004). On the other hand, supplemen-
tal progesterone during the timed Al is beneficial to
fertility when cows are either not presynchronized (El-
Zarkouny et al., 2004; Stevenson et al., 2006) or, if pre-
synchronized, inseminated in estrus after the second
injection of PGF,, of the presychronization (Melendez
et al., 2006; Chebel et al., 2010). The benefits of supple-
mental progesterone seem to occur despite the estrous
cyclicity in dairy cows. Both estrous cyclic and anovular
cows had similar improvements in fertility when proges-
terone was supplemented during the Ovsynch protocol
(Stevenson et al., 2006; Chebel et al., 2010). The benefit
to fertility is thought to be mediated, to a great extent, by
improving synchronization of the estrous cycle following
the timed AI (Lima et al., 2009; Chebel et al., 2010).
Therefore, when producers opt to use timed Al programs
without previous presynchronization of the estrous cycle,
itis beneficial to incorporate a CIDR during the program
to improve synchrony of ovulation and optimize fertility.
Similarly, when presynchronization is used, but cows
observed in estrus are inseminated before reaching the
timed Al program, use of the CIDR in the remaining
cows seems beneficial to fertility.

Summary

Implementation of systematic breeding programs for
first postpartum insemination in dairy herds has become
an integral part of the reproductive management of
dairy cows. These programs have allowed for increased
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insemination rates without compromising fertility. It is
known that the first 3 weeks past the end of the VWP is
the estrous cycle of greatest impact on the reproduction
of the dairy herd. Therefore, assuring high PR in those
days is critical to optimize reproduction of dairy cows.

The development of synchronization protocols that
follow physiological principles is critical to optimize fer-
tility, but these programs should be tailored to the needs
and ability of the farm to implement them. In herds with
excellent 21-day estrous detection rate (>65%), it is
unlikely that aggressive synchronization programs will
have a major impact on the reproductive performance
of the herd. On the other hand, because of the low
estrous detection efficiency in most farms, the use of
estrous or ovulation synchronization protocols is often
attractive and benefit reproduction.

It is important to emphasize that in order for system-
atic breeding programs to work and benefit the economy
of the dairy farm, there must be high compliance at
every step of the program. Each individual farm has to
develop a system to assure that cows receive the correct
hormonal treatment on the correct day. Failure to comply
with the programs results in reduced insemination rate
and fertility. Because some programs require handling
of cows multiple times to administer hormonal treat-
ments, it is important that they are tailored to the needs
of the farm, as long as critical steps are not ignored.
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