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Abstract

Over the past 4 decades, twinning increased concurrently with
milk production in dairy cattle, but recently appears to have
plateaued, likely from the adoption of hormonal synchroniza-
tion protocols. Approximately 95% of Holstein twins are dizy-
gotic, making double ovulations the primary mechanism for
twinning. Decreased progesterone (P4) concentrations dur-
ing preovulatory follicle growth increases double ovulations.
Increased hepatic catabolism of P4 because of increased feed
intake associated with increased milk production provides

a physiological mechanism for decreased P4 concentrations
and increased double ovulations. Cows with unilateral twins
have more pregnancy losses than cows with bilateral twins
which were similar to cows with singletons. Selective embryo
reduction followed by P4 treatment did not increase the risk of
pregnancy loss for cows with unilateral twins, but increased
the risk of loss for cows with bilateral twins. Twinning will
likely increase concurrently with milk production over time
but can be decreased using 2 approaches: 1) submitting cows
to hormonal synchronization protocols that increase P4 dur-
ing growth of the preovulatory follicle before timed Al; and 2)
identifying twins by laterality and allowing cows with bilateral
twins to continue through gestation with extra assistance at
calving, while selective reduction can be attempted for cows
with unilateral twins.
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Introduction

Twinning in dairy cattle is associated with many factors, such
as cyclicity, breed, parity and milk production, that can nega-
tively impact the health and productivity of cows and calves.??
Epidemiological data suggests an increase in the prevalence

of twinning in U.S. Holsteins over time concurrent with milk
production.*%%2 It is estimated that the economic losses due to
twinning in dairy cattle are $59 to $151 per twin pregnancy,’
and the overall negative economic impact of twinning on dairy
farm profitability in the United States is $96 million per year.>®
As actual and predicted milk production of U.S. lactating dairy
cows continues to increase,’ twinning in dairy cattle will likely
concurrently increase, further perpetuating the problem of
twinning on dairy farm profitability.

Previously, few controlled experiments examined the endocri-
nology and physiology behind twinning, making it challeng-
ing to provide research-based recommendations to mitigate
the negative effects of twinning.?32! More epidemiological and
randomized-controlled experiments are now being published
regarding the incidence and the endocrinology and physiology
of twinning in dairy cattle to fill previous knowledge gaps. The
objective of this review is to update and expand upon previous
reviews?®2 of twinning in dairy cattle to understand the cur-
rent incidence, mechanisms, endocrinology and physiology of

twinning and the research-based management strategies that
can be used to identify and minimize the negative impact of
twinning on dairy cows.

Incidence of twinning

Initial epidemiological studies of twinning reported a linear
increase in the incidence of twinning in U.S. dairy cattle from
1983 t0 1993 (1.4 to 2.4%)*% and from 1996 to 2004 (3.4 to 4.8%).6¢
In recent epidemiological studies, the incidence of twinning
reported in Holsteins was 4.7 to 4.8%.4%:52 Cows that calved with
twins in the previous lactation were at 1.86 times greater risk
for calving with twins at their subsequent calving than cows
that previously calved with singletons.®?. By accumulating
these several extensive epidemiological studies, we can char-
acterize the prevalence of twinning in U.S. dairy cattle over the
past nearly 4 decades. Figure 1 depicts the incidence of twin-
ning in U.S. dairy cattle based on data from 1983 to 1993,40 1996
to 2004,56 2010 to 201643 and 2009 to 2020.62

Over this time, annual milk production per cow in the United
States has increased and is predicted to increase over the next 50
years because of improvements in genetics and management.’
Kinsel et al. (1998) identified increased peak milk production
concurrent with increased twinning as the significant factor as-
sociated with increased twinning.*® An observational analysis
of Holstein dairy cattle in the Upper Midwest from our labora-
tory reported a parity by time interaction with the prevalence

of twinning increasing at an increased rate in primiparous (4.0
to 5.9%) and multiparous (5.2 to 7.3%) cows during the first and
last year of the study than in nonlactating heifers (1.1 to 1.3%).5
Schambow et al. (2021) reported a positive association with pre-
vious lactation 305-d milk production of multiparous Holstein
cows with twinning rate (Figure 2).°2 While not causal, a posi-
tive association exists between milk production and twinning,
suggesting that twinning will continue to increase over time.
Interestingly, twinning increased linearly from 1983 to 2016, but
then plateaued from 2017 to 2020 (Figure 1). It is likely that the
incidence of twinning from 2017 to 2020 plateaued because of the
increased adoption of hormonal synchronization protocols that
expose the preovulatory follicle to a high progesterone (P4) envi-
ronment, decreasing double ovulations and twinning.

Mechanisms for twinning

As a monotocous species, dairy cattle typically produce only 1
calf per pregnancy, but occasionally can produce twins, or even
rarer, triplets. Twins are classified as either monozygotic or
dizygotic due to the different production mechanisms. Monozy-
gotic (identical) twins arise from spontaneous in vivo cleavage
of a fertilized oocyte during early embryonic development, pro-
ducing 2 genetically identical embryos. By contrast, dizygotic
(fraternal) twins occur after the ovulation of two follicles and
fertilization of 2 oocytes by two individual sperm during the
same estrous cycle. The proportion of monozygotic twins in
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Figure 1: Incidence of twinning in U.S. dairy cattle from 1983 to 2020. Data includes nonlactating and lactating dairy cattle
except Schambow et al., 2021 which only includes lactating dairy cows.

6 -

2528
24

Twinning (%)
w

| o
th

0

PP LA DTF NS OO
SIORC ROV RO LIS LIRANAN

DR AN A

LD

Years

Green bars: data adapted from Kinsel et al., 1998; yellow bars: data adapted from Silva del Rio et al., 2007; blue bars: data adapted from
Schambow et al., 2021; orange bars: data adapted from Lett and Kirkpatrick, 2018.

dairy cattle was estimated using mathematical models such as
Weinberg’s Differential Method’? and Bonnier’s Equation® fo-
cusing on the skewing of the sex ratio from mixed-sex twins to
same-sex twins. Genomic testing is now used to determine the
proportion of monozygotic twins empirically and accurately
because these mathematical models tend to overestimate the
observed proportion of monozygotic twins.®® In an observa-
tional experiment in our laboratory, the reported frequency of
monozygotic twins in Holstein cows was determined by geno-
typing all same-sex twins with 7.5% of same-sex and 4.7% of all
twins identified as monozygotic twins.®® Thus, with 95.3% of all
twins being dizygotic in Holstein cows, double ovulations are
the primary mechanism for twinning in lactating dairy cows.

Twinning and replacement heifers

Twinning in dairy cattle is associated with fewer replacement
heifers per calving.>%1% %6 Freemartinism occurs in heifers
when gestated co-twin with a bull because of anastomoses of
chorionic blood vessels, allowing for Anti-Mullerian hormone
to regress the Mullerian ducts in the heifer, causing abnormal
reproductive development and infertility. These reproduc-
tive abnormalities of freemartins occur at 49 to 52 days after

fertilization3® with approximately 92% of heifers born co-twin
to a bull being freemartins.® A common misconception is that
freemartinism is the primary reason for fewer replacement
heifers from twinning, but across 100 singleton or twin calv-
ings, approximately 50 replacement heifers are born. The fewer
replacement heifers associated with twinning are because of
the increased abortions,? stillbirths,? and neonatal calf mortal-
ity.%¢ In a large observational analysis of Holstein dairy cattle,
we reported neonatal calf mortality of 7.2% and 28.2% for
singleton and twin calvings, respectively. Figure 3 depicts neo-
natal calf mortality for singleton and twin calvings by parity of
U.S. Holstein cows from 1996 to 2004.%°

Endocrinology and physiology of
twinning

Progesterone

In cattle, P4 is the most biologically active progestogen and is
primarily produced and secreted by the corpus luteum during
the estrous cycle and the placenta during pregnancy. During
growth of the preovulatory follicle, P4 concentrations are as-
sociated with the incidence of double ovulations. Decreased P4
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Figure 2: Association between previous 305-d milk production and observed twinning rate in Holstein cows (adapted from

Schambow et al., 2021).
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concentrations during growth of the preovulatory follicle are
associated with increased double ovulations.”> When a preovu-
latory follicle develops without a corpus luteum producing P4,
cows have a greater incidence of co-dominant follicles resulting
in double ovulations.3> Valdés-Arciniega et al. (under review)
reported a negative association between P4 concentrations at
the time of PGF,, treatment in the Breeding-Ovsynch portion
of a Double-Ovsynch protocol and double ovulations to the last
GnRH treatment (Figure 4).%°

From calving to first ovulation, all lactating dairy cows undergo
low P4 concentrations during an anovulatory period postpar-
tum. Anovular cows after a spontaneous estrus had a greater
(46.3%) double ovulation rate for their first ovulation than ovu-
lar cows at second and greater services (22.4%).** Giimen et al.
(2003) identified cows as ovular or anovular and were submit-
ted to an Ovsynch protocol for timed AI. Anovular cows had a
greater double ovulation rate to the first GnRH treatment of the
Ovsynch protocol compared with ovular cows (41 vs. 4%, re-
spectively), but the incidence of double ovulation to the second
GnRH treatment did not differ (13 vs. 12%, respectively).3?

An association exists between lactating dairy cows with cystic
ovaries and the incidence of double ovulation®°1#? and twin-
ning.’ For cows identified with ovarian cysts with the absence
of a corpus luteum submitted to an Ovsynch protocol, the odds
of double ovulation were 3.3 times greater than cows insemi-
nated after a detected estrus or non-cystic cows submitted to

an Ovsynch protocol.®® With an ovarian cyst in the absence of

a corpus luteum, the underlying association between ovarian
cysts and twinning is likely due to the absence of P4 rather than
the ovarian cystic structure.® Thus, exposure of the preovula-
tory follicle to P4 decreases the incidence of double ovulations.

Milk production

In most studies, milk production around the time of ovulation
is positively associated with the incidence of double ovulations.
Cows with above-average milk production (40.7 kg/d) had a
greater incidence of double ovulations after submission to an
Ovsynch protocol than cows with below-average production re-
gardless of parity (20 vs. 7%, respectively).?® Lopez et al. (2005a)
reported a positive association of milk production 14 d before

a spontaneous estrus with the incidence of double ovulations
(Figure 5A).% Cows with co-dominant follicles during the first
follicular wave produced more milk, had decreased progester-
one concentrations, and increased FSH and LH concentrations
around the expected deviation of the dominant follicle.*® Fur-
ther, a positive association exists between milk production dur-
ing the 7 d between the first GnRH and PGF,, treatment of the
Breeding-Ovsynch portion of the Double-Ovsynch protocol and
the incidence of double ovulations to the last GnRH treatment
before timed AI (Figure 5B).%°
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Figure 3: Estimated neonatal calf mortality of singleton and twin calvings based on parity of U.S. Holstein cows (adapted

from Silva del Rio et al., 2007).
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Wiltbank et al. (2000) first proposed a physiological mechanism
linking milk production, P4 concentrations, and double ovula-
tions.”® The steady-state P4 concentration in the circulation of
lactating dairy cows is a balance between P4 produced by the
corpus luteum and catabolized by the liver.”* Milk production
is highly correlated (r = 0.88) with feed intake®* which then in-
creases hepatic blood flow as milk production and feed intake
increase. With the increased feed intake of a high-producing
dairy cow, there is increased hepatic metabolism of steroid hor-
mones such as P4, thereby decreasing circulating P4 concentra-
tions in high-producing dairy cows.>® Around the time of devia-
tion, decreased P4 concentrations likely cause a delay in the
FSH nadir and increase LH pulses, allowing for the selection of
2 or more follicles to be co-dominant during a follicular wave.’*
As milk production has and continues to increase in U.S. lactat-
ing dairy cows,’ circulating P4 concentrations will continue to
decrease and increase the incidence of double ovulations and
dizygotic twinning. Thus, it is critical to implement manage-
ment strategies to minimize double ovulations and dizygotic
twinning, such as hormonal synchronization before AI, which
will be described later in these proceedings.

Transrectal ultrasonography

Management of lactating dairy cows gestating twins requires
early and accurate identification. Over the past two decades, as
predicted by Fricke (2002), bovine practitioners readily adopted
transrectal ultrasonography as a reproductive management
tool.2? In earlier studies, cows gestating twins could be accu-
rately identified using transrectal ultrasonography by 40 to 55

d after insemination.!”!31> With most twins being dizygotic®®
and the advancements made in the resolution of ultrasound
scanners, cows gestating twins can be accurately identified at
an early pregnancy diagnosis conducted 32 to 39 d after AI by
the presence of two or more corpora lutea on the ovaries.?? In
addition to evaluating corpora lutea, it is critical to examine the
entire length of each uterine horn during a pregnancy diagno-
sis to accurately diagnose twins using transrectal ultrasonogra-
phy.?2 With 5% of all twins being monozygotic,®® cows gestating
monozygotic twins would be misidentified as carrying single-
tons because these cows will have only one corpus luteum. Fur-
ther, some cows will double ovulate to form two corpora lutea
but may only carry a singleton.
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Figure 4: Incidence of double ovulations for multiparous Holstein cows to the last GnRH treatment of the Breeding-Ovsynch
portion of the Double-Ovsynch protocol (G2) based on tertiles of serum progesterone concentration at the first PGFyq
treatment of the Breeding-Ovsynch portion of the Double-Ovsynch protocol. Different letters (a-b) denote statistical
differences (P < 0.05; adapted from Valdés-Arciniega et al., Under Review).
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Pregnancy loss

Pregnancy loss confounds the accuracy of the prevalence of
twinning in dairy cattle because cows with twins have a greater
incidence of pregnancy loss than cows with singletons. Cows
with double ovulations tend to have more pregnancies per Al
than cows with single ovulations,?%5%%° but have more preg-
nancy losses. The pregnancy loss from an initial pregnancy diag-
nosis to a pregnancy reconfirmation based on transrectal ultra-
sonography for cows diagnosed with twins was 3 times greater
compared with cows diagnosed with singletons, resulting in an
embryo survival rate of 76 and 92%, respectively.®® Cows that
double-ovulated to the last GnRH treatment of a Double-Ovsynch
protocol had greater pregnancy loss from 32 d after AI to calving
than cows that single-ovulated (23.5 vs. 14.1%, respectively).®

The laterality of twin pregnancies (unilateral = 2 fetuses in one
uterine horn; bilateral = 2 fetuses, one in each uterine horn)
affects pregnancy loss. Lopez Gaitius et al. (2020) reported
54.4% of cows gestating multiple fetuses to be unilateral and
45.6% to be bilateral.*® Pregnancy loss before 90 d in gestation
was greater for cows with unilateral (35%) than bilateral twins
(8%).%° Cows with unilateral double ovulations have greater
pregnancy losses from 35 to 56 d after AI (16.9 vs. 8.8 vs. 4.2%)

and from 23 d after AI to calving (39.3 vs. 21.4 vs. 25.9%) than
cows with bilateral double or single ovulations.>® By contrast,
Valdés-Arciniega et al. (under review) reported no differences
in pregnancy losses based on laterality from 32 d after AT until
calving.®® Further, the laterality of twin pregnancies affects the
incidence of dystocia and calf survival. Cattle were genetically
selected for multiple ovulations creating a “Twinner popula-
tion” for a long-term experiment at the U.S. Meat Animal Re-
search Center in Clay Center, NE.?? Echternkamp et al. (2007)
analyzed calvings and calves from 1996 to 2004 from this popu-
lation of genetically selected cattle.!® Bilateral dizygotic twins
had increased survival and body weight at birth, longer gesta-
tion length, and less dystocia than unilateral dizygotic twins (Ta-
ble 1).18 As expected, cows calving twins or triplets had a greater
incidence of dystocia than cows calving singletons.!®

Pregnancy-associated glycoproteins

While the function remains unknown, pregnancy-associated
glycoproteins (PAG) are produced by giant binucleate cells of
the trophectoderm and are secreted into the maternal circu-
lation serving as an indirect marker for pregnancy establish-
ment,%%°* placental function®® and pregnancy loss?>1®in dairy
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Figure 5: Incidence of double ovulations for Holstein
cows based on milk production during the 14 d before
a spontaneous estrus (A: adapted from Lopez et al.,
2005) or during the 7 d between the first GnRH and
PGF, treatment of the Breeding-Ovsynch portion of
the Double-Ovsynch protocol (B: adapted from Valdés-
Arciniega et al., Under Review). Different letters (a-b)
denote statistical differences (P < 0.05).
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cattle. Concentrations of PAG in maternal circulation via blood
or milk can accurately diagnose pregnancy in dairy cattle and
are associated with parity, stage of gestation, milk production
and pregnancy loss.”® Serum PAG concentrations were greater
for cows with twin fetuses compared with cows with singleton fe-
tuses and this difference increased as gestation progressed from
35 to 65 d after AL*8 Giordano et al. (2012) reported differences in
serum PAG concentrations between cows gestating singleton vs.
twin fetuses by 27 to 29 d after AI.?° While concentrations of PAG
in maternal circulation can accurately diagnose pregnancy, the
use of PAG concentrations to accurately identify cows gestating
twins is likely limited. Greater pregnancy loss is associated with
twin pregnancies®®% with some cows undergoing spontaneous
embryo reduction and calving with singletons.**3 In circula-
tion, PAG concentrations have a relatively long half-life, with PAG
concentrations not decreasing to nonpregnant cow concentra-
tions until 9.5 d after induction of pregnancy loss at 39 d in gesta-
tion.?® Further, with most commercial PAG test being qualitative
rather than quantitative, using PAG concentrations as diagnostic
indicator of twins in dairy cattle is not feasible.

Management strategies to minimize
twinning

Pregnancy termination

Spontaneous pregnancy loss in dairy cattle from d 20 to 33 after
Al is initiated approximately 50% by conceptus failure or 50%
by luteal regression.!® A drastic method to eliminate twinning
in dairy herds is to identify cows gestating twins and inducing
pregnancy loss by treatment with the luteolytic agent of PGF;,
for luteal regression. Treatment with PGF,4 at 39 d of gestation
of singleton pregnancies decreased P4 within 24 h with expul-
sion of the conceptus in all cows within 48 h.?° Several argu-
ments exist against using proactive pregnancy termination

for eliminating twin pregnancies identified early in gestation.
First, estimated economic losses incurred due to pregnancy
loss range from $46!° to $30028 with cows diagnosed with twins
often being the highest-producing cows in the herd incurring
the greatest economic loss associated with pregnancy loss. Sec-
ond, the heritability and repeatability estimates for twinning in
dairy cattle are low,”3L43 but a prior incidence of twinning is a
risk factor for subsequent twin calvings.>>%%2 Third, pregnancy
loss before 90 d of gestation for cows with unilateral twins did
not differ between control cows and cows receiving manual
amnion rupture followed by progesterone supplementation for
21 d? and the pregnancy loss of cows gestating bilateral twins
was similar to cows gestating singletons.>® Further, bilateral
dizygotic twins have an increased survival and birth weight,
longer gestation length, and decreased dystocia than unilat-
eral dizygotic twins.!8 Thus, a possible strategy is to allow cows
identified with bilateral twins to continue gestation with extra
assistance provided at calving and selective reduction could be
attempted for cows identified with unilateral twins.

Selective reduction

In early gestation, selective embryo reduction has been used to
mitigate the potentially dangerous maternal effects of multiple
births in women®” and mares.>? Two controlled experiments
using lactating dairy cows reported the efficacy of manually
crushing the amnion of one of the embryos in a twin pregnan-
cy to maintain a viable singleton pregnancy.*? Lopez-Gaitus
(2005) randomized 33 cows identified with unilateral twins on

d 34 of gestation to serve as untreated controls, receive manual
amnion rupture, or receive manual amnion rupture with in-
travaginal P4 supplementation for 28 d.*’ Selective embryo re-
duction was attempted between 35 to 40 d in gestation because
spontaneous reduction of twins for many cows occurs during
this period.>® Pregnancy loss for control cows (i.e., spontaneous
loss of both twins) was 27% (3/11), whereas pregnancy loss for
cows undergoing manual amnion rupture was 100% (11/11).” In-
terestingly, pregnancy loss for cows supplemented with P4 for 28
d after amnion rupture was 55% (6/11).#’ Of cows supplemented
with intravaginal P4 for 28 d after manual amnion rupture, 1 cow
calved with twins because an embryo survived the rupture while
the remaining 4 calved singletons.*’

In a follow-up experiment by the same research group, they
evaluated the effect of embryo reduction in Holstein cows
based on laterality of twin pregnancies on pregnancy mainte-
nance (Table 2).2 Andreu-Vdzquez et al. (2011) blocked by lat-
erality and randomized 55 cows with live twins at 35 to 41 d of
gestation to receive manual embryo reduction with intravagi-
nal P4 supplementation for 21 d or serve as untreated controls.?
Pregnancy loss before 90 d in gestation did not differ between
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Table 1: Effect of twinning and laterality on gestation length, calf survival, and birth weight (Lb) in cattle genetically selected
for multiple ovulations. Different superscript letters (a-c) denote statistical differences (P < 0.05; adapted from Echternkamp
et al., 2007).

Calf survival (%)
Gestation
Pregnancy type Cows (n) length (d) Calves (n) Birth Weaning Birth Weight (lb)
1 Left 300 284.5 + 0.22 711 97.3+1.12 87.6 + 1.52 105.6 * 0.442
1 Right 360 284.2 +0.22 876 97.0 + 1.02 88.3+1.32 105.4 + 0.442
2 Left 96 277.2 +0.2P 446 83.6 + 1.4¢ 70.7 + 1.9b 81.0 + 0.66°
2 Right 167 277.0 £ 0.1b 838 82.7 +1.0° 73.2 £ 1.40 80.5 + 0.44°
2 Bilateral 259 278.2 £ 0.1¢ 1,158 94.0 + 0.9P 85.4 +1.22 85.8 + 0.44¢

Table 2: Effect of laterality of twin pregnancy on pregnancy loss before Day 90 for control cows (no manipulation) and cows
subjected to manual twin reduction followed by progesterone treatment for 21 d (adapted from Andrieu-Vazquez et al., 2011).

Loss rate before 90 d

Item n % (n/n)
Unilateral twin pregnancy 27
Control 14 64 (9/14)
Manual twin reduction 13 54 (7/13)
Bilateral twin pregnancy 28
Control 14 0 (0/14)
Manual twin reduction 14 29 (4/14)
treatments and occurred in 32% of untreated control cows and management on the metabolic status and lactation perfor-
41% of cows after manual amnion rupture with intravaginal mance of Holstein cows gestating singleton and twin pregnan-
P4 supplementation for 21 d.2 The risk of pregnancy loss, inde- cies.®* Silva del Rio et al. (2010) hypothesized that increasing the
pendent of treatment, was 8.7 times greater for unilateral than duration of feeding a close-up diet during the dry period would
bilateral twin pregnancies and did not differ between control improve metabolic status and lactation performance for cows
cows with unilateral twins and unilateral twin reduction cows gestating twins but not singletons.®* Interestingly, the metabol-
(62% vs 54%, respectively).? By contrast, the pregnancy loss ic response to the dry period feeding strategy was independent
for cows with bilateral twin pregnancies that received embryo of whether cows gestated singletons or twins indicating that
reduction was 29% whereas no losses occurred in untreated differential management of cows gestating twins during the dry
control cows with bilateral twin pregnancies.? Of the cows that period did not improve metabolic status.®*

received manual amnion rupture, 44% (12/27) of cows calved

with singletons compared to 54% (15/28) of control cows calved Hormonal manipulation before Al to reduce double
with twins.? The authors concluded that embryo reduction by ovulation

manual amnion rupture with intravaginal P4 supplementation . L. .

did not increase the risk of pregnancy loss for unilateral twin Adoption of horm.onal synchronization .protocols by .da1ry her?os

pregnancies, but did increase the risk of pregnancy loss in bi- for the reprod}lctlve management of qalry cows has' increased
and has been instrumental in increasing reproductive per-

lateral twin pregnancies.? 5 . . . .
formance.?” In women, twinning is also increasing over time,
but this increase in twinning has been attributed to fertility

Transition period nutritional management treatments with exogenous hormonal treatments and in vitro

Cows gestating twins have 50 to 70% greater energy demands fertilization.3® Despite the different endocrine physiology in
during gestation,**” but decreased prepartum dry matter in- these situations compared with the reproductive management
take’? compared with cows gestating singletons. Further, with of dairy cattle, a common misconception by dairy farmers is

a decreased gestation length, most cows carrying twinsareless  thatincreased use of hormonal synchronization protocols in-
likely to experience a full 3-week close-up diet during the dry creases twinning. A common reproductive management strat-
period.*® Thus, an opportunity to minimize the negative effects  egy for first insemination is to submit lactating dairy cows to

of twinning in dairy cattle could be through feeding manage- a Presynch-Ovsynch protocol with detection of estrus and AI
ment strategies.’ Previously in our laboratory, an experiment after the Presynch portion of the protocol with the remainder
was conducted to determine the effect of dry period feeding of cows failing to be detected in estrus submitted to an Ovsynch
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protocol for timed AI.?° Under this reproductive management,
cows that are submitted to an Ovsynch protocol differ from
cows detected in estrus and AI because these cows are likely

to be the highest-producing cows having a shorter duration of
estrus?® or are anovular cows making them at a greater risk for
double ovulations and twinning as previously discussed.

In contrast to the common misconception that hormonal syn-
chronization protocols increase twinning, hormonal manipu-
lations to increase P4 concentrations during ovulatory follicle
development decreased the incidence of double ovulations.5812
In a Double Ovsynch protocol®”3¢ cows are effectively presyn-
chronized to maximize P4 concentrations during the growth
of the ovulatory follicle to combat the effects of hepatic steroid
catabolism to decrease double ovulation and dizygotic twin-
ning.”»?’ Carvalho et al. (2019) randomized cows to have either
a low or high P4 concentrations during the Breeding-Ovsynch
portion of the Double-Ovsynch protocol to determine the effect
of P4 concentration on reproductive and endocrine outcomes.!!
Cows with low P4 concentrations during the Breeding-Ovsynch
portion of the Double-Ovsynch protocol had a 3-fold greater
incidence of double ovulation (33 vs. 10%, respectively) and
thereby more twin pregnancies at 32 d after timed AI (29 vs.
0%) than cows with high P4 concentrations.!! Martins et al.
(2018) submitted cows to a G7G protocol (Bello et al., 2006) and

randomized cows to receive high or low P4 concentrations dur-
ing the pre-dominance (d 0 to 4) or dominance (d 5 to 7) phase
of the second follicular wave creating four groups: high/high,
high/low, low/high, and low/low.>? Figure 6 depicts the effect

of high or low P4 concentrations on double ovulations during
the pre-dominance and dominance phases.>? Cows with low P4
concentrations during the pre-dominance (d 0 to 4) and domi-
nance (d 5to 7) phases of a second follicular wave had increased
double ovulations compared with cows with high P4 concentra-
tions (49 vs. 12%, respectively).>?

Fricke et al. (2016) observed that in Irish Holsteins-Friesian,
manipulating P4 concentrations during growth of the ovulatory
follicle did not affect double ovulations and speculated this was
likely because of feed intake and milk production differences in
Irish vs. U.S. production systems.?* Valdés-Archiniega et al. (un-
der review) reported independent relationships between milk
production and P4 concentrations of multiparous Holsteins on
double ovulations to the last GnRH treatment of the Breeding-
Ovsynch portion of the Double-Ovsynch protocol (Figure 7).%°
The authors speculate that hepatic steroid metabolism is a ma-
jor contributor to increased double ovulations but that other
mechanisms likely are involved, such as IGF-I, which need to be
elucidated.®® Thus, increasing P4 during growth of the ovulatory
follicle decreases double ovulations and mitigates some of the

Figure 6: Effect of treatment (high or low progesterone) during the predominance (d 0 to 4) and/or dominance (d 5 to 7) phase
on the incidence of double ovulation to the last GnRH treatment. Different letters (a-c) denote statistical differences (P < 0.05;

adapted from Martins et al., 2018).

60

504

Double ovulations (%)

49

34

High/Low

High/High

Low/High Low/Low

Treatment

AABP RECENT GRADUATE CONFERENCE PROCEEDINGS | VOL. 57 | NO.1 | FEBRUARY 2024 47

© COPYRIGHT AMERICAN ASSOCIATION OF BOVINE PRACTITIONERS; OPEN ACCESS DISTRIBUTION.



Figure 7: Incidence of double ovulations for multiparous Holstein cows to the last GnRH treatment of the Breeding-Ovsynch
portion of the Double-Ovsynch protocol (G2) based on milk production and serum progesterone tertiles. Different letters
(a-d) denote statistical differences (P < 0.05; adapted from Valdés-Arciniega et al., Under Review).
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negative effects of increased milk production associated with in-
creased hepatic steroid metabolism. Further research is needed
to understand other physiological mechanisms to decrease dou-
ble ovulations and dizygotic twinning. Currently, hormonal syn-
chronization using a protocol such as a Double Ovsynch protocol
may be the best strategy to decrease double ovulations thereby
dizygotic twinning in high-producing dairy cows.

Conclusion

Based on the data presented in this review, dairy herds can
implement two approaches in tandem to decrease twinning
and the negative impacts of twinning in their herds. The first
approach is to submit high-producing dairy cows to hormonal
synchronization protocols to increase P4 during the growth
of the preovulatory follicle before Al which appears to have
plateaued recent twinning rates in dairy herds. Currently, the
best reproductive management strategy to accomplish this is
to submit cows for first timed Al to a Double-Ovsynch protocol.
The second approach is to identify cows with twins based on
laterality using transrectal ultrasonography. Cows pregnant
with bilateral dizygotic twins should be allowed to continue

with gestation because bilateral dizygotic twins have increased
survival and birth weight, a longer gestation length, and less
dystocia than unilateral dizygotic twins, but should be provided
extra assistance at calving. Selective embryo reduction can be
attempted in unilateral twins because the pregnancy loss com-
pared to cows with unilateral twins not submitted to selective
embryo reduction is similar, but be cognizant that the overall
pregnancy losses of unilateral twins are over 50%. In combi-
nation, these two strategies should decrease the incidence of
twinning in a dairy herd and minimize the negative impacts of
twinning on cows that do become pregnant with twins.
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