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Simple Summary: The presence of dead embryos/fetuses can be precisely detected around 60 days
post-insemination in dairy cattle. Little information on the fate of dead twins has been published.
Practitioners usually apply a therapeutic abortion using prostaglandin Fp,, (PGF,) or its analogs to
reduce the associated extended interval to estrus. This study evaluated the dose-response effect of
PGF, inducing abortion in cows with two dead twins at pregnancy diagnosis 28-34 days post-Al
(late embryonic period) or at confirmation of pregnancy 49-55 days post-Al (early fetal period).
An increased PGF,, dose had no influence on the induction of abortion and the induced abortion
rate was inversely associated with milk production during the late embryonic period, whereas an
increased PGF; dose was found to offer improvements during the early fetal period.

Abstract: This study examined the dose-response effect of prostaglandin F», (PGF,«) when used
to induce abortion in cows with two dead twins at pregnancy diagnosis 28-34 days post-Al (late
embryonic period: LE) or at pregnancy confirmation 49-55 days post-Al (early fetal period: EF).
The study population consisted of 415 cows receiving a single PGF,,, dose (PG1 group: 254 LE and
161 EF cows) and 200 receiving a 1.5 x PGF;, dose (PG1.5 group: 121 LE and 79 EF cows). The
induced abortion rate was significantly lower (chi-square test; p < 0.0001) in the EF (34.6%) than
LE cows (88%), and was also reduced (p = 0.001) in the EF PG1 group (28%) compared with the EF
PG1.5 group (48.1%). High milk production (>45 kg) was the only factor influencing the induced
abortion rate in LE cows (odds ratio 0.2; p < 0.0001), whereas the odds ratio for induced abortion of
PG1.5 cows was 2.3 (p = 0.005) in EF cows. In conclusion, an increased PGF;,, dose had no effect on
abortion induction during the late embryonic period and its rate was inversely associated with milk
production. This higher PGF;,, dose did, however, offer benefits during the early fetal period.

Keywords: dead conceptuses; delayed luteolysis; estrus response; induced abortion failure; luteolysis
failure; multiple pregnancies

1. Introduction

In cattle, pregnancy loss after its diagnosis 28-34 days post-artificial insemination (AI)
mainly occurs before day 60 of gestation [1-4], when implantation is firmly established [5,6].
During this time interval covering the late embryo/early fetal period, the chances of losses
are much lower [1]. The embryonic period of pregnancy runs from conception until the
end of the differentiation stage (about 45 days), and the fetal period spans from day 45 of
pregnancy to parturition [7]. In high producing dairy herds, the incidence of pregnancy loss
can exceed 20% [2—4] and has a major economic impact [8]. This means that a pregnancy
assessment following its diagnosis is usually scheduled for around 60 days post-Al. An
important problem is that gestation markers are lost in most cows, and a cow is recorded
as non-pregnant when the second diagnosis is negative. However, during this period,
the presence of dead embryos/fetuses can be precisely detected, particularly in multiple
pregnancies. In other words, it is very difficult to find a single dead fetus in cows carrying
singletons, whereas observation of two or more dead fetuses is common. Moreover, the
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literature lacks information on the fate of dead twins. To reduce the extended interval to
estrus associated with conceptus death, practitioners usually treat cows with prostaglandin
F>« (PGF;4) or one of its analogs. This practice is known as therapeutic abortion.

The corpus luteum (CL) of pregnancy appears essential to maintain pregnancy for the
first 165 days [9] and a single PGF, 4 dose consistently induces abortion until approximately
150 days of gestation, generally without complications [10]. However, a double PGF;
dose between days 40 and 120 of gestation induces abortion in all treated cows compared
with a single or lower dose, which is either less effective or totally ineffective [11]. The
challenge of multiple ovulations associated with high milk production is a cogent reason to
propose an increased luteolytic dose of PGF, in both pregnant and non-pregnant cows [12].
In effect, the findings of a recent study indicated that the presence of multiple corpora
lutea was associated with a reduced estrus response to a single PGF,, dose, whereas an
increased PGF;, dose was found to improve this response [13]. The objective of the present
study was to assess the dose—response effect of PGF;, in inducing abortion in cows with
two dead twins at pregnancy diagnosis 28-34 days post-Al (late embryonic period) or at
pregnancy confirmation 49-55 days post-Al (early fetal period). Possible differences in
PGF, responses during the late embryonic and early fetal periods were also assessed.

2. Materials and Methods
2.1. Experimental Animals

The study population was a Holstein—Friesian dairy herd in northeastern Spain
(41.13 latitude, 0.24 longitude) in which the dose-response effect of PGF; for synchroniz-
ing estrus has been established [13]. Cows were included if they were healthy as confirmed
by a body condition score on a scale of 1 to 5 of 2.5-3.5 [14], produced more than 25 kg
of milk per day, and were free of detectable reproductive disorders and clinical diseases
during the study period (insemination days —7 to + 49-55). During this period (January
2009 to April 2016), the mean number of lactating cows in the herd was 1028 and mean
annual milk production was 11,965 kg per cow. The mean annual culling rate was 29%.
Cows were grouped according to age (primiparous versus pluriparous), milked three times
daily, and fed complete rations.

2.2. Detection of Estrus, Insemination, and Pregnancy Diagnosis

Estrus was detected using a pedometer system (AfiFarm System; SAE Afikim, Israel).
Walking activity values were recorded at the milking parlor (three times daily) and analyzed
automatically using a herd management computer program [15]. Estrus was confirmed
by palpation per rectum in cows deemed to be in estrus using the pedometer system,
and the animals were inseminated at this time. Only cows with a uterus that was highly
tonic and contractile to the touch, and a vaginal discharge of copious clear fluid, were
inseminated. The herd was maintained on a weekly reproductive health program, as
described elsewhere [13,15]. During these weekly visits, pregnancy was diagnosed at
28-34 days post-Al and confirmed at 49-55 days post-Al. All gynecological exams were
performed by the author through transrectal ultrasonography. Each ovary was scanned in
several planes by moving the transducer along its surface to identify luteal structures, and
the number and location of corpora lutea were recorded. Scanning was also performed
along the dorso/lateral surface of each uterine horn for pregnancy diagnosis. The presence
of twins was established through the observation of two embryos in different positions
within one uterine horn, or two embryos simultaneously present on the screen (unilateral
twin pregnancy), or one embryo in each uterine horn (bilateral twin pregnancy). The
viability of an embryo/fetus was confirmed by observation of a heartbeat in all exams.
Only clear remnants of a dead embryo were recorded as a dead conceptus at pregnancy
diagnosis 28-34 days post-Al. At this time, all cows with multiple pregnancies with at
least one live embryo received a GnRH dose to promote pregnancy maintenance [16]. All
procedures were approved by the Ethics Committees on Animal Experimentation of the
University of Lleida.
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2.3. Experimental Design

This experiment was designed to examine the dose-response abortion-inducing ef-
fect of PGF, in 615 cows carrying two dead twins at the time of pregnancy diagnosis
28-34 days post-Al (375 cows; late embryos: LE) or of pregnancy confirmation 49-55 days
post-Al (240 cows; early fetuses: EF). In the reproductive visit, cows with LE or EF were
chronologically assigned to the groups PG1 or PG1.5 according to whether they were
given a single (25 mg) or 1.5 times (37.5 mg) dose of PGF, (dinoprost i.m.; Enzaprost,
CEVA Santé Animale, Barcelona, Spain). A total of 415 cows were assigned to the PG1
group (254 LE and 161 EF cows) and 200 cows were included in the PG1.5 group (121 LE
and 79 EF cows). Cows showing estrus within seven days after treatment were either
inseminated (LE cows) or not inseminated and estrus was recorded (EF cows). During the
early fetal period, cows were not inseminated to assess the complete expulsion of gestation
remains the next visit. Luteal structures and uterine contents of non-inseminated LE cows
and of all EF cows were assessed seven days after treatment. Bilateral multiple pregnancies
detected during the early fetal period were excluded, as in this herd, twin reduction by
amnion rupture [17,18] is routinely performed in all bilateral pregnancies.

2.4. Data Collection and Statistical Analyses

The induced abortion rate was defined as the percentage of cows showing estrus out of
the total number of cows in each treatment group during the seven days following treatment
and/or absence of CL seven days after treatment. The following data were recorded in
each animal: parturition and treatment dates; lactation number (parity, primiparous vs.
pluriparous); number and site of conceptuses (unilateral vs. bilateral in LE cows, and right
vs. left in unilateral pregnancies); treatment (PG1 or PG1.5); milk production at treatment
(mean production in the three days before treatment) (low producers < 45 kg vs. high
producers > 45 kg); estrus response to PGF;,, treatment (presence vs. absence); days
from treatment to estrus (continuous); and pregnancy 28-34 days post-Al for inseminated
LE cows. The threshold for milk production was set as the median value of production
recorded in primiparous cows. Treatment dates were used to assess the effects of season
on subsequent reproductive performance. In our geographical region, there are only two
clearly differentiated weather periods: warm (May to September) and cool (October to
April) [19,20].

Overall reproductive performance in the two treatment groups was compared using
the chi-square test (percentages). The effects of treatment on the interval (days) from PGF,
treatment to estrus were assessed by ANOVA and Tukey post hoc tests.

The effects of treatment on the estrus response and induced abortion rates were ana-
lyzed by binary logistic regression. Two regression analyses were performed using estrus
response and abortion after PGF, treatment as the dependent variables for both LE and
EF cows. The factors entered in the models as independent variables were treatment,
conceptus site (unilateral vs. bilateral in LE and right vs. left in EF pregnancies), year
and season of treatment, parity, and milk production at treatment. Possible interactions
between treatment and the variables milk production, season, and parity were also ex-
amined. Regression analyses were conducted according to the method of Hosmer and
Lemeshow [21] using the logistic procedure of PASW Statistics for Windows Version 18.0
(SPSS Inc., Chicago, IL, USA). Significance was set at p < 0.05. Values are expressed as the
mean = standard deviation (S.D.).

3. Results

Mean milk production and days in milk at the time of treatment, as well as the
number of lactations, were 48 £ 10 kg (26.2-81.4 kg), 141.5 £ 63.1 days (81-538 days), and
2.8 &+ 1.7 lactations (1-9 lactations), respectively (mean + SD, range in parentheses). In
358 (95.5%) of the 375 pregnancies found to carry dead twins at 28-34 days post-Al, the
embryos were located in the same uterine horn (243 (67.9%) right and 115 (32.1%) left).
The remaining 17 (4.5%) were bilateral twin pregnancies. Triplets and quadruplets were
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not recorded. Among the 240 pregnancies carrying dead twins at 49-55 days post-Al, the
twins were located in the right uterine horn in 152 (63.3%) and the left uterine horn in 88
(36.7%). Co-twin degeneration, turbidity, and formation of floating debris were observed
in most pregnancies at 28-34 days post-Al (Figure 1a), whereas at 49-55 days post-Al, one
fetus that seemed normal in size and development (Figure 1b) was detected alongside its
partner, which showed signs of degeneration (Figure 1c).

Figure 1. Sonograms showing signs of degeneration in both twins and turbidity of the uterine content 34 days post-Al (A)

or one fetus seemingly of normal size and development (B) alongside its partner showing signs of deterioration such as

floating hind limbs within the amnion at 52 days post-AI (C). Bar spacing: 10 mm.

The independent variables recorded in each of the two treatment groups and effects of
the different treatments on the induced abortion rate for both LE and EF cows are shown
in Table 1. According to chi-squared tests, the LE group showed a significantly (p < 0.0001)
lower proportion of pluriparous cows (64.3%) and of cows treated during the warm season
(21.6%) compared with the group of EF cows (94.6% and 47.5%, respectively). Estrus was
detected in 285 LE cows (76%), all of which were inseminated, and 121 (42.5%) became
pregnant following Al The estrus response rate was significantly lower (p < 0.0001) in
the EF cows (27.9%) and significantly reduced (p = 0.007) in the EF PG1 (22.4%) group
compared with the EF PG1.5 group (39.2%). Estrus was detected significantly (ANOVA
and Tukey post-hoc test: p < 0.0001) earlier in LE cows (1 = 285; 2.8 & 0.9 days) than in EF
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cows (n = 67; 5.6 = 0.9 days). The induced abortion rate was significantly lower (p < 0.0001)
in the EF cows (34.6%) compared with the LE cows (88%), and in the EF PG1 cows (28%)
compared with the EF PG1.5 cows (48.1%) (p = 0.001). All non-aborting cows preserved
their luteal structures and uterine contents seven days after treatment.

Table 1. Independent variables recorded at the time of treatment and effects of the different treatments on each dependent
variable (n = 615).

Treatment @ LE PG1 LE PG1.5 Total LE EF PG1 EF PG1.5 Total EF
reatmen (1 =254) (n=121) (n = 375) (n=161) (n=79) (n = 240)
Independent variables ®)
Parity (pluriparous) 158 (62.2%) * 83 (68.6%) * 241 (64.3%) * 151 (93.8%) ** 76 (96.2%) ** 227 (94.6%) **
Milk production (>45 kg) 130 (51.2%) 62 (51.2%) 192 (51.2%) 79 (49.1%) 39 (49.4%) 118 (49.2%)
Season (warm period: 0/ * oL * o * 0/ ) % 0,) ** 0,) **
May-September) 54 (21.3%) 27 (22.3%) 81 (21.6%) 74 (46%) 40 (50.6%) 114 (47.5%)
Bilateral twins 12 (4.7%) 5 (4.1%) 17 (4.5%)
Unilateral twins (right o o o o o
uterine horn) 164 (64.6%) 79 (65.3%) 243 (64.8%) 101 (62.7%) 51 (64.6) 152 (63.3%)
Dependent variables ©)
Estrus @ 194 /254 (76.4%) * 91/121 (75.2%) * 285/375 (76%) * 36/161 (22.4%) ** 31/79 (39.2%) *** 67/240 (27.9%) **
Days (mean + SD) (©) 28+09* 274+09* 28+09* 55£0.9* 58 £0.9* 5.6 £0.9*
Conception rate @ 83/194 (42.8%) 38/91 (41.8%) 121/285 (42.5%)
Abortion @ 221/254 (87%) * 109/121 (90.1%) * 330/375 (88%) * 45/161 (28%) ** 38/79 (48.1%) **** 83/240 (34.6%) **

@ LE PG1: cows with late embryos (28-34 days post-Al) receiving a single PGF, dose (25 mg dinoprost); LE PG1.5: cows with late
embryos receiving a 1.5 X PGF, dose (37.5 mg dinoprost); EF PG1: cows with early fetuses (49-55 days post-Al) receiving a single PGF,
dose; EF PG1.5 cows with early fetuses receiving a 1.5 X PGF, dose. All LE cows showing estrus were inseminated. ®) Values with
different superscripts within rows denote significant differences detected by the chi-square test (***: p < 0.0001). ) Values with different
superscripts within rows denote significant differences detected by the chi-square test (percentages) or ANOVA and Tukey post-hoc tests
(means + SD). @D In all cows, ** ***# #5555 < 0,0001; ***+*: p = 0.007; ******: p = 0.001. ¢ Days from PGF, treatment to estrus ranging
from 1 to 7 days (LE) and from 3 to 7 days (EF) (****: p < 0.0001). ® In inseminated cows.

Based on binary logistic regression procedures, the odds ratio for an estrous response
was 0.2 (95% confidence interval: 0.1-0.3; p < 0.0001) during the warm period of the year in
LE cows: 42/81 (51.9%) versus 243/294 (82.7%). Treatment, year, parity, milk production,
and conceptus site were not included in the final model. Treatment-season, treatment—
parity, or treatment—milk yield interactions were not found. No factors were noted to affect
the estrus response in EF cows.

Table 2 provides induced abortion rates, odds ratios, and 95% confidence intervals
for LE and EF cows. For LE cows, the final model included the effect of milk production
as the only factor affecting the induced abortion rate with an odds ratio of 0.2 (p < 0.0001)
for high-producing cows (>45 kg). For EF cows, the final model included the effect of the
warm period of the year and treatment. Year, parity, milk production, and conceptus site
were not found to be significant and were not included in the final model. No treatment-
season, treatment—parity, or treatment-milk yield interactions were found. The odds ratio
for induced abortion was 8.9 (p < 0.0001) during the warm period. Taking PG1 cows as
reference, the odds ratio for induced abortion of PG1.5 cows was 2.3 (p = 0.005).
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Table 2. Odds ratios for induced abortion rate of the variables entered in the final logistic regression model for cows with
late embryos (n = 375) and cows with early fetuses (1 = 240).

Factor Class n % Induced Abortion Odds Ratio  95% Confidence Interval p
LE cows @
Milk production <45 kg 168/183 91.8 Reference
>45 kg 142/192 74 0.2 0.09-0.5 <0.0001
EF cows ®
Season (© Cool 30/126 23.8 Reference
Warm 53/114 46.5 8.9 2.7-28.7 <0.0001
Treatment (@ PG1 45/161 28 Reference
PG1.5 38/79 48.1 2.3 1.3-4.3 0.005

@ LE cows: cows with late embryos (28-34 days post-Al). Hosmer and Lemeshow goodness-of-fit = 22.1; 3 df; P = 0.91. R? Nagelkerke =
0.12. ® EF cows: cows with early fetuses (49-55 days post-Al). Hosmer and Lemeshow goodness-of-fit = 25.6; 3 df; P = 0.92. R? Nagelkerke
=0.20. © Cool period: October—April; warm period: May-September. 9 PG1: cows receiving a single PGF,, dose (25 mg dinoprost);
PG1.5: cows receiving a 1.5 X PGF; dose (37.5 mg dinoprost).

4. Discussion

As far as we know, no previous study has examined the impacts of an increased
PGF;, dose on induced abortion in lactating dairy cows carrying dead twins during the
late embryo or early fetal period. The points to be highlighted are as follows: (1) during
the late embryonic period, an increased PGF,, dose had no effect on abortion induction,
induced abortion had no effect on subsequent fertility, and the induced abortion rate was
inversely related to milk production; (2) during the early fetal period, the 1.5 PGF,, dose
led to a higher induced abortion rate compared with the single PGF, dose, particularly
during the warm period, and this rate was significantly lower than that recorded for the late
embryonic period; and (3) cow-specific differences such as proportions of pluriparous cows
and of cows treated during the warm period were found between the two development
periods.

During the late embryonic period, an increased PGF,, dose had no beneficial effects in
cows carrying dead twins, whereas the estrous response, treatment to estrus interval, and
subsequent conception rate were similar to those recorded during the same period in the
same herd in cows with a single CL receiving a single PGF,,, dose [13]. This quick response
to PGF, treatment irrespective of dose could be explained by the gradual dissolution
of conceptuses (Figure 1la) involving the influx and migration of large populations of
white blood cells, local release of cytokines, and possible release of prostaglandins from
uterine tissues. It may be thus concluded that PGF,4-induced abortion during the late
embryonic period was not detrimental to fertility. However, it is harder to understand
why high producers were less responsive to PGF, treatment during this period. A very
significantly (p < 0.0001) reduced abortion rate was observed in cows producing more
milk, reinforcing previous results in which the presence of multiple CL was found to
reduce the luteolytic response to a single PGF,,, dose synchronizing estrus in high milk
producers [13]. Metabolic stress in high-producing dairy cows could be expressed as an
abnormal endocrine balance, thus jeopardizing complete luteolysis and the subsequent
estrus response. The higher metabolic clearance of steroid hormones linked to high milk
production [22-24] could lead to a prolonged period of low progesterone and, in turn, to
the reduced sensitivity of CL to lysis by PGF,4 [10].

The 1.5-times PGF;,, dose proposed here was beneficial for inducing abortion during
the early fetal period, with an odds ratio of 2.3 (p = 0.005). However, only 48% of cows
in this group aborted, far less than the 88% recorded during the late embryonic period.
The fact that estrus appeared significantly (p < 0.0001) earlier in the LE (2.8 days) than EF
(5.6 days) cows suggests that luteolysis was delayed in the latter. When a single PGF,
dose was administered during the early fetal period in cows with one single CL, complete
luteolysis occurred in 100% of cows only 14 days after treatment [11]. It is likely that,
by prolonging the time after treatment to control luteolysis, the induced abortion rate in
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the present study would have been higher. While the induced abortion rate increased
significantly (p < 0.0001) during the warm period, probably because of compromised
luteal function due to heat stress [25]. A main question that arises is the manner in which
the presence of dead twins seems to prolong luteal activity, irrespective of treatment. In
single pregnancies suffering spontaneous embryo death, conceptus expulsion more than
resorption has been reported [26]. However, a cow bearing twins, one of which is dead, is
unable to selectively expel the individual conceptus [27,28]. When dead twins are detected
during the early fetal period, it is common to find one normal fetus in terms of size and
development (Figure 1b) alongside its degenerated twin (Figure 1c). This suggests that one
fetus “protects” the other for a period of time until pregnancy loss or maintenance of a
single pregnancy [27]. In these cases, a fused placenta larger than in a single pregnancy
may be present. The incidence of placental anastomosis exceeds 90% in cattle [29] and the
longer interval to estrus or luteolysis failure after treatment may be explained by survival
of trophoblastic cells. Intrauterine infusion of embryonic homogenates [30] or trophoblast
proteins [31,32] have been shown to favor luteotropic signals and extend luteal function.
From a practical perspective, our results suggest benefits of an increased PGF,,, dose,
probably a double dose or more, in cows carrying dead twins during the early fetal period.

Cow-specific differences between our LE and EF groups were expected. Thus, a
greater proportion of primiparous cows (35.7%) were diagnosed with dead twins during
the late embryonic period than during the early fetal period (5.4%). Mechanical competition
between twins could favor earlier development failure in younger cows with a smaller
uterus than pluriparous cows. The fact that the warm season, a strong factor impairing
pregnancy in our geographical area [33], had no influence on the induced abortion rate
reinforces this assertion.

A further expected result was the low incidence (4.5%) of bilateral dead twins during
the late embryonic period. Under good management and environmental conditions, the
ratio between unilateral and bilateral multiple pregnancies is normally close to one [34].
Here, the ratio was 21.2 (95.5/4.5), indicating a clear predominance of dead unilateral twins
upon the first pregnancy diagnosis 28-34 days post-Al The risk of pregnancy loss during
the first trimester of gestation in cows carrying live twins may be from five to nine times
higher for unilateral than bilateral twins [27,35].

5. Conclusions

A higher than normal PGF;, dose given during the late embryonic period had no
effect on abortion induction and the rate of this factor was found inversely related to milk
production. In contrast, an increased PGF,,, dose was found to be beneficial for inducing
abortion in the early fetal period. As the induced abortion rate in this later period (48%)
was much lower than in the late embryonic period (88%), we would recommend the use of
an increased PGF;,, dose in cows carrying dead twins during this early fetal period.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according the Ethics Committees
on Animal Experimentation of the University of Lleida (license number CEEA.06-01/12).

Data Availability Statement: The data presented in this study are available on request. These data
are not publicly available to preserve the data privacy of the commercial farm.

Acknowledgments: The author thanks Ana Burton for editorial assistance with the English version.

Conflicts of Interest: The author declares no conflict of interest.

1. Ball, P.J.H. Late embryo and early fetal mortality in the cow. Anim. Breed. Abstr. 1997, 65, 167-175.
2. Grimard, B.; Freret, S.; Chevallier, A.; Pinto, A.; Ponsart, C.; Humblot, P. Genetic and environmental factors influencing first
service conception rate and late embryonic/foetal mortality in low fertility dairy herds. Anim. Reprod. Sci. 2006, 91, 31-44.

[CrossRef]


http://doi.org/10.1016/j.anireprosci.2005.03.003

Animals 2021, 11, 2508 80f9

10.

11.
12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

Lépez-Gatius, F; Garcia-Ispierto, I. Ultrasound and endocrine findings that help to assess the risk of late embryo/early foetal loss
by non-infectious cause in dairy cattle. Reprod. Domest. Anim. 2010, 45 (Suppl. 3), 15-24. [CrossRef] [PubMed]

Ealy, A.D.; Seekford, Z K. Predicting pregnancy loss in dairy cattle. J. Dairy Sci. 2019, 102, 11798-11804. [CrossRef]

Curran, S.; Pierson, R.A.; Ginther, O.]. Ultrasonographic appearance of the bovine conceptus from days 20 through 60. J. Am. Vet.
Med. Assoc. 1986, 189, 1295-1302.

Riding, G.A.; Lehnert, S.A.; French, A.J.; Hill, J.R. Conceptus-related measurements during the first trimester of bovine pregnancy.
Vet. J. 2008, 175, 266-272. [CrossRef] [PubMed]

Committee on Bovine Reproductive Nomenclature. Recommendations for standardizing bovine reproductive terms. Cornell Vet.
1972, 62, 216-237.

Cabrera, V.E. A simple formulation and solution to the replacement problem: A practical tool to assess the economic cow value,
the value of a new pregnancy, and the cost of a pregnancy loss. J. Dairy Sci. 2012, 95, 4683—4698. [CrossRef]

Estergreen, V.L., Jr.; Frost, O.L.; Gomes, W.R.; Erb, R.E.; Bullard, J.F. Effect of ovariectomy on pregnancy maintenance and
parturition in dairy cows. J. Dairy Sci. 1967, 50, 1293-1295. [CrossRef]

Wenzel, ].G.W. A review of prostaglandin F products and their use in dairy reproductive herd health programs. Vet. Bull. 1991,
61,433-447.

Lauderdale, J.W. The use of prostaglandins in cattle. Ann. Biol. Anim. Bioch. Biophys. 1975, 15, 419-425. [CrossRef]
Lépez-Gatius, F. Clinical prospects proposing an increase in the luteolytic dose of prostaglandin F2« in dairy cattle. ]. Reprod. Dev.
2021, 67, 1-3. [CrossRef]

Lopez-Gatius, F. The presence of two or more corpora lutea influences the luteolytic response to prostaglandin F2o in lactating
dairy cows. J. Reprod. Dev. 2021, 67, 135-139. [CrossRef] [PubMed]

Edmondson, A.J.; Lean, L].; Weaver, C.O.; Farver, T.; Webster, G. A body condition scoring chart for Holstein dairy cows. J. Dairy
Sci. 1989, 72, 68-78. [CrossRef]

Lopez-Gatius, F,; Santolaria, P.; Mundet, I.; Yaniz, J.L. Walking activity at estrus and subsequent fertility in dairy cows. Theri-
ogenology 2005, 63, 1419-1429. [CrossRef]

Garcia-Ispierto, I.; Lopez-Gatius, F. The effects of a single or double GnRH dose on pregnancy survival in high producing dairy
cows carrying singletons or twins. J. Reprod. Dev. 2018, 64, 523-527. [CrossRef]

Lopez-Gatius, F.; Andreu-Vazquez, C.; Mur-Novales, R.; Cabrera, V.E.; Hunter, R H.F. The dilemma of twin pregnancies in dairy
cattle. A review of practical prospects. Livest. Sci. 2017, 197, 121-126. [CrossRef]

Lopez-Gatius, F. Twins in dairy herds. Is it better to maintain or reduce a pregnancy? Animals 2020, 10, 2006. [CrossRef] [PubMed]
Lopez-Gatius, F. Is fertility declining in dairy cattle? A retrospective study in northeastern Spain. Theriogenology 2003, 60, 89-99.
[CrossRef]

Garcia-Ispierto, I.; Lopez-Gatius, F; Bech-Sabat, G.; Santolaria, P.; Yéniz, J.L.; Nogareda, C.; De Rensis, F.; Lopez-Béjar, M.
Climate factors affecting conception rate of high producing dairy cows in northeastern Spain. Theriogenology 2007, 67, 1379-1385.
[CrossRef]

Hosmer, D.W.; Lemeshow, S. Applied Logistic Regression; Wiley: New York, NY, USA, 1989.

Sangsritavong, S.; Combs, D.K,; Sartori, R.; Armentano, L.E.; Wiltbank, M.C. High feed intake increases liver blood flow and
metabolism of progesterone and estradiol-17 beta in dairy cattle. J. Dairy Sci. 2002, 85, 2831-2842. [CrossRef]

Sartori, R.; Haughian, ].M.; Shaver, R.D.; Rosa, G.J.; Wiltbank, M.C. Comparison of ovarian function and circulating steroids in
estrous cycles of Holstein heifers and lactating cows. J. Dairy Sci. 2004, 87, 905-920. [CrossRef]

Wiltbank, M.; Lopez, H.; Sartori, R.; Sangsritavong, S.; Gumen, A. Changes in reproductive physiology of lactating dairy cows
due to elevated steroid metabolism. Theriogenology 2006, 65, 17-29. [CrossRef]

De Rensis, F.; Lopez-Gatius, F.; Garcia-Ispierto, I.; Morini, G.; Scaramuzzi, R.]. Causes of declining fertility in dairy cows during
the warm season. Theriogenology 2017, 91, 145-153. [CrossRef] [PubMed]

Kastelic, J.P.; Northey, D.L.; Ginther, O.]. Spontaneous embryonic death on Days 20 to 40 in heifers. Theriogenology 1991, 35,
351-363. [CrossRef]

Loépez-Gatius, F.; Hunter, R.H.F. Spontaneous reduction of advanced twin embryos: Its occurrence and clinical relevance in dairy
cattle. Theriogenology 2005, 63, 118-125. [CrossRef]

Lopez-Gatius, F.; Garcia-Ispierto, I.; Hunter, R.H.F. Factors affecting spontaneous reduction of corpora lutea and twin embryos
during the late embryonic/early fetal period in multiple-ovulating dairy cows. Theriogenology 2010, 73, 293-299. [CrossRef]
Echternkamp, S.E. Fetal development in cattle with multiple ovulations. J. Anim. Sci. 1992, 70, 2309-2321. [CrossRef]

Northey, D.L.; French, L.R. Effect of embryo removal and intrauterine infusion of embryonic homogenates on the lifespan of the
bovine corpus luteum. J. Anim. Sci. 1980, 50, 298-302. [CrossRef]

Thatcher, W.W.; Hansen, PJ.; Gross, T.S.; Helmer, S.D.; Plante, C.; Bazer, EW. Antiluteolytic effects of bovine trophoblast protein-1.
J. Reprod. Fertil. Suppl. 1989, 37, 91-99.

Spencer, T.E.; Bazer, EW. Conceptus signals for establishment and maintenance of pregnancy. Reprod. Biol. Endocrinol. 2004, 2, 49.
[CrossRef] [PubMed]

Lépez-Gatius, F. Factors of a noninfectious nature affecting fertility after artificial insemination in lactating dairy cows. A review.
Theriogenology 2012, 77, 1029-1041. [CrossRef] [PubMed]


http://doi.org/10.1111/j.1439-0531.2010.01620.x
http://www.ncbi.nlm.nih.gov/pubmed/24417195
http://doi.org/10.3168/jds.2019-17176
http://doi.org/10.1016/j.tvjl.2007.01.022
http://www.ncbi.nlm.nih.gov/pubmed/17398128
http://doi.org/10.3168/jds.2011-5214
http://doi.org/10.3168/jds.S0022-0302(67)87615-X
http://doi.org/10.1051/rnd:19750231
http://doi.org/10.1262/jrd.2020-101
http://doi.org/10.1262/jrd.2020-144
http://www.ncbi.nlm.nih.gov/pubmed/33583915
http://doi.org/10.3168/jds.S0022-0302(89)79081-0
http://doi.org/10.1016/j.theriogenology.2004.07.007
http://doi.org/10.1262/jrd.2018-057
http://doi.org/10.1016/j.livsci.2017.01.001
http://doi.org/10.3390/ani10112006
http://www.ncbi.nlm.nih.gov/pubmed/33142688
http://doi.org/10.1016/S0093-691X(02)01359-6
http://doi.org/10.1016/j.theriogenology.2007.02.009
http://doi.org/10.3168/jds.S0022-0302(02)74370-1
http://doi.org/10.3168/jds.S0022-0302(04)73235-X
http://doi.org/10.1016/j.theriogenology.2005.10.003
http://doi.org/10.1016/j.theriogenology.2016.12.024
http://www.ncbi.nlm.nih.gov/pubmed/28215679
http://doi.org/10.1016/0093-691X(91)90285-L
http://doi.org/10.1016/j.theriogenology.2004.03.006
http://doi.org/10.1016/j.theriogenology.2009.09.012
http://doi.org/10.2527/1992.7082309x
http://doi.org/10.2527/jas1980.502298x
http://doi.org/10.1186/1477-7827-2-49
http://www.ncbi.nlm.nih.gov/pubmed/15236653
http://doi.org/10.1016/j.theriogenology.2011.10.014
http://www.ncbi.nlm.nih.gov/pubmed/22153267

Animals 2021, 11, 2508 90f9

34. De Rensis, F.; Morini, G.; Garcia-Ispierto, I.; Lépez-Gatius, F. Thermal mechanisms preventing or favoring multiple ovulations in
dairy cattle. Animals 2021, 11, 435. [CrossRef]

35. Hanrahan, ].P. The inter-ovarian distribution of twin ovulations and embryo survival in bovine. Theriogenology 1983, 20, 3-11.
[CrossRef]


http://doi.org/10.3390/ani11020435
http://doi.org/10.1016/0093-691X(83)90018-3

	Introduction 
	Materials and Methods 
	Experimental Animals 
	Detection of Estrus, Insemination, and Pregnancy Diagnosis 
	Experimental Design 
	Data Collection and Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	References

