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Abstract 
Pregnancy loss (PL) in cattle significantly impacts reproductive efficiency and economic viability of herds. Of 
particular interest, PL in in vitro embryo production (IVP) systems, represents a major challenge to the success 
of this technique. Establishment and maintenance of pregnancy is influenced by factors such as fertilization, 
maternal environment, and embryonic signaling issues. Data on dairy cattle have shown that embryo 
transfer (ET) may lead to greater initial pregnancy, but greater PL compared to artificial insemination (AI), and 
the impact of environmental conditions on reproductive outcomes seems to be manageable with proper 
heat stress mitigation strategies, for example. Data on beef cattle submitted to IVP and ET have shown that 
recipient cows had greater pregnancy per ET (P/ET) and lower PL compared to recipient heifers, with sex-
sorted sperm yielding similar or even greater P/ET than conventional semen. Distinct synchronization 
protocols for recipients yield different reproductive outcomes, and recipient breed also affects P/ET and PL. 
Moreover, embryo recipients that express estrus after synchronization, as well as recipients in which better 
quality embryos are transferred, tend to have greater P/ET and lower PL. These findings highlight the 
importance of management strategies to improve fertility and reduce PL in embryo recipients. 

Keywords: embryo transfer, embryonic death, fertility, reproductive failures. 

Introduction 

The success of reproductive programs, both in dairy and beef herds, is highly dependent 
on reproductive efficiency, which directly influences herd productivity and economic viability. 
In this context, pregnancy loss (PL) represents a major challenge, impairing reproductive 
outcomes and reducing profitability. The economic impact of PL has been studied. In dairy 
herds, De Vries (2006) estimated that each confirmed pregnancy contributes with ~US$278 to 
overall farm income, whereas each PL results in an estimated deficit of US$555 – values that 
vary depending on the stage of gestation and timing within lactation. In beef herds, although 
individual PL are less frequently quantified, reproductive failures still incur substantial 
economic burdens. Mercadante et al. (2020) projected a loss of US$6.25 per exposed female 
for each 1% decrease in pregnancy rates in artificial insemination (AI) programs. When 
extrapolated to large-scale systems, these incremental losses can accumulate to over US$2.8 
billion annually in the U.S. beef industry (Mercadante et al., 2020). It is important to note that 
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these values are not directly comparable due to differences in calculation approaches 
(individual PL in dairy vs. aggregated pregnancy rate reductions in beef), yet both highlight the 
major economic consequences of PL across production systems. 

The PL in bovine females can be classified based on the stage of pregnancy in which it 
occurs. During the embryonic period, from fertilization to the end of embryonic cell 
differentiation (~42 days), PL is classified as early (before “maternal recognition of pregnancy”) 
or late (after “maternal recognition”) embryonic loss. Once the fetal stage begins, losses are 
classified as fetal mortality (Gábor et al., 2016). Despite the high fertilization rates − around 
90% in naturally bred or artificially inseminated beef females and dairy heifers, and 
approximately 78% in high-producing dairy cows (Santos et al., 2004; Diskin et al., 2016) − there 
is a progressive reduction in the number of females maintaining pregnancy until calving, 
leading to low calving rates, sometimes below 30%. Munhoz et al. (2025) reported 12.8% PL 
between days 31 and 62 of pregnancy, and 12.1% from day 120 to calving, in cows that were 
inseminated after timed AI (TAI). These incidences were greater than PL from day 62 to 120 
(6.4%). Interestingly, lower serum pregnancy-associated glycoprotein (PAG) concentrations on 
day 31 were associated with greater PL, suggesting that PAG could be a valuable biomarker for 
early identification of reproductive failures. These findings emphasize the need for early and 
accurate pregnancy detection to mitigate reproductive losses and improve herd productivity. 

The greatest incidence of PL occurs during the early embryonic period, within the first few 
weeks of pregnancy (Wiltbank et al., 2016; Reese et al., 2020). Domingues et al. (2023) reported 
that between days 20 and 33, PL in dairy cows was evenly split between two causes: corpus 
luteum (CL) regression and conceptus failure, the latter indicated by a decline in PAG 
concentrations, despite stable progesterone (P4) concentrations. Given that pregnancy 
diagnosis is typically performed around 30 days after AI, most early losses are not detected, 
making it difficult to quantify their incidence, to identify underlying causes, and to implement 
mitigation strategies. Otherwise, although more easily detected, late embryonic or fetal loss 
remain largely overlooked despite their significant impact on reproductive efficiency and 
economic returns. 

In the context of in vitro embryo production (IVP), PL is equally or even more critical, as the 
process introduces additional biological and technical challenges that can influence embryo 
survival, representing a limiting factor for the success of this biotechnology. The ability to 
establish and maintain pregnancy can be affected by multiple factors, including gamete quality 
(oocytes and sperm), fertilization success, embryo viability, uterine receptivity, endocrine 
environment, and maternal capacity to maintain pregnancy until calving (Sartori et al., 2004, 
2010; Atkins et al., 2013; Wiltbank et al., 2016). Given the substantial investments in IVP 
programs, understanding the mechanisms underlying PL and developing strategies to 
minimize its occurrence are essential to optimize reproductive efficiency and profitability of 
herds. This review aims to synthesize and discuss findings from various studies and databases 
on fertility and PL in cattle IVP systems, focusing on its incidence and potential causes. 

Early embryonic development 

The early stages of embryonic development are critical for properly establishing and 
maintaining pregnancy. Following fertilization, the embryo moves from the oviduct to the uterus 
at the 8- to 16-cell stage (Grealy et al., 1996). By the 5th to 6th day of development, the embryo 
reaches the 16- to 32-cell stage, and these cells begin to cluster, forming a compact sphere known 
as a morula. This marks the first critical stage of pregnancy, in which the embryo starts to act as 
an individual organism. On the 7th or 8th day, a fluid-filled cavity (blastocoel) begins to form, and 
the blastocyst differentiates into two main cell types: the inner cell mass, which gives rise to the 
embryo, and the trophoblast, which contributes to the formation of the placenta. This cellular 
organization is well described by Sreenan et al. (2001). Between the 9th and 10th day, the 
expanded blastocyst hatches from the zona pellucida and continues to expand before beginning 
to elongate around the 13th day. Elongation occurs near the time of “maternal recognition of 
pregnancy” and is characterized by increased metabolic activity and secretion of interferon-Tau 
(IFN-τ; Thatcher et al., 2001). In the bovine, attachment of the extraembryonic membranes to the 
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endometrium begins around day 19 and is completed by day 42, marking the end of the 
embryonic period and the completion of the cellular differentiation. Embryo survival, as well as 
the establishment and maintenance of pregnancy, involves active and passive communication 
between the embryo and the uterus. Around the 15th day, the presence and signaling of the 
embryo in the uterus activate luteoprotective mechanisms, temporarily controlling the synthesis 
and release of PGF2α by the endometrium (Geisert et al., 1994; Mann et al., 1999; Thatcher et al., 
2001; Okuda et al., 2002), thereby preventing luteolysis and ensuring the maintenance of the CL 
and continued P4 production, which is required for preparing the endometrium for implantation 
and proper embryonic development. 

Stages of pregnancy loss 

Embryonic mortality can result from inherent defects in the embryo, an inadequate maternal 
environment, asynchrony between the embryo and the dam, or dam's failure to respond 
appropriately to the embryo's signals (Hansen, 2002). Wiltbank et al. (2016) described four critical 
periods of PL in the first trimester of gestation. The first period (the first week after AI or mating) 
involves fertilization failures or interruption in early embryonic development. The second period 
(between days 8 and 27 of pregnancy) is characterized by losses caused by uterine environment 
alterations, failures in embryonic signaling processes, problems with maternal recognition of 
pregnancy, or failure in the mechanisms that maintain the CL. In the third period (days 28 to 60 
of pregnancy), losses are mainly due to failures in placentation and embryonic/fetal 
underdevelopment. Finally, the fourth period (days 61 to 90 of pregnancy) is predominantly 
associated with diseases and twin pregnancies, especially when two fetuses develop in the same 
uterine horn. A fifth period exists, involving fetal death after day 90 of pregnancy, which is often 
linked to infectious diseases, and severe nutritional, environmental, or metabolic disorders. 

Although several studies reported high fertilization rates after AI or mating in cattle 
(Santos et al., 2004; Diskin et al., 2016), the pregnancy outcomes observed during the first 
pregnancy confirmation (usually performed on day 28-32) indicates high incidence of 
embryonic mortality during the early stages of pregnancy. In line with previous studies 
(Wiltbank et al., 2016; Berg et al., 2022; Albaaj et al., 2023; Crowe et al., 2024, 2025), the 
majority of embryonic mortality occurred early in gestation. For instance, a meta-analysis by 
Reese et al. (2020) reported 47.9% of PL during the early embryonic period (defined in their 
study as the period between fertilization and day 28 of pregnancy), with 28.4% occurring in the 
first week, 3.9% between days 7 and 16 of pregnancy, and 15.6% between days 16 and 32. 

Experimental models commonly used to evaluate early pregnancy and embryonic mortality 
in cattle are based on slaughtering females at specific periods after AI to collect 
embryos/oocytes from the oviduct or uterus, or through in vivo embryo collection via uterine 
flushes (Boyd et al., 1969; Ayalon, 1978; Diskin and Sreenan, 1980; Roche et al., 1981; Maurer 
and Chenault, 1983; Sartori et al., 2002). More recently, new studies have focused on 
identifying and validating potential biomarkers and methods for early pregnancy diagnosis. 
Some of these biomarkers are related to the measurement of crown-rump length via 
ultrasonography, circulating concentrations of PAG (Pohler et al., 2016; Pursley et al., 2023; 
Santos et al., 2023; Munhoz et al., 2025), changes in the expression of mRNA and IFN-τ-
stimulated gene (ISG) transcripts, and circulating P4 concentrations. 

Factors associated with pregnancy losses in cattle after in vitro embryo production 

Embryo quality 
The classification of embryo quality is an intrinsic and essential process during IVP and 

embryo transfer (ET). The analysis of two large datasets (Sala et al., unpublished) of Holstein 
heifers receiving IVP embryos, evaluating pregnancy diagnosis on days 33 and 60, provided 
consistent results related to embryo quality (Table 1). In the first dataset (n = 5,092 ET), embryos 
grade 1 and 2, according to the International Embryo Technology Society guidelines 
(Stringfellow and Givens, 2010), had similar pregnancy per ET (P/ET) on d 33 (48.1 vs. 45.6%). 
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However, PL was 70% greater for grade 2 compared to grade 1 embryos (25.6 vs. 15.1%; P < 
0.05). In the second dataset (n = 12,569 ET), a difference in P/ET on day 33 was detected, with 
greater fertility in heifers receiving grade 1 embryos (48.5 vs. 39.6%), while PL was still higher 
for grade 2 embryos (23.6 vs. 19.6%). 

Table 1. Pregnancy per embryo transfer (P/ET) and pregnancy loss in Holstein heifers with grade 1 and 2 
in vitro-produced embryos. Data from Sala et al. (unpublished). 

Item Dataset 1 P-value Dataset 2 P-value Grade 1 Grade 2 Grade 1 Grade 2 
n 4,573 519 - 7,952 4,617 - 

P/ET on day 33, %1 48.1 45.6 0.12 48.5 39.6 <0.0001 
Pregnancy loss, %2  15.1 25.6 0.04 19.6 23.6 0.002 

1Pregnancy diagnosis was performed 26 days after ET; 2Pregnancy loss between day 26 and 59 after ET. 

Health problems 

The effect of diseases during early lactation on fertility and PL of lactating dairy cows 
receiving AI or TAI has been extensively reported. Both uterine and non-uterine diseases are 
associated with lower P/AI and higher risks for PL, not only in cows receiving the first 
postpartum service but also in those receiving AI up to 200 days in milk (DIM), consequently 
reducing reproductive performance and calving rate (Ribeiro et al., 2016; Carvalho et al., 2019). 
The study by Ribeiro et al. (2016), including dairy cows receiving the first AI postpartum and 
with a single ovulation after AI, reported that the occurrence of diseases before AI reduced the 
proportion of cleaved, live (grades 1 to 3) and high-quality (grade 1 and 2) embryos. In addition, 
on days 15-16 after AI, the length of the recovered conceptus was smaller and the 
concentration of IFN-τ in the uterine flush was lower in cows experiencing diseases compared 
to healthy cows (Ribeiro et al., 2016). The negative effects of health problems on fertility and 
PL (between the first and second pregnancy diagnosis, or up to calving) was also described in 
studies including lactating dairy cows submitted to transfer of fresh IVP embryos, frozen IVP 
embryos, or frozen in vivo-derived (IVD) embryos from superstimulated donor cows 
(Ribeiro et al., 2016; Edelhoff et al., 2020), indicating negative effects of diseases in uterine 
level, early embryo development, and pregnancy maintenance. 

In the study by Edelhoff et al. (2020), several factors were identified as significant predictors 
of uterine and nonuterine diseases in dairy cows. For uterine diseases, such as retained placenta, 
metritis, and endometritis, multiparity and calving during the cool season were associated with 
increased risk. Similarly, the risk of nonuterine diseases, including mastitis, pneumonia, 
lameness, and displaced abomasum, was markedly higher in multiparous cows. The same study 
demonstrated that both uterine and nonuterine diseases negatively affect synchronization rate, 
P/ET on day 31, and PL from day 31 to 59 on the first ET. Moreover, to the second ET, the 
nonuterine disease had a significant effect on fertility. These findings highlight the critical impact 
of health on fertility outcomes and emphasize the need for preventive and early intervention 
strategies to improve reproductive efficiency, especially in cows undergoing ET. 

Expression of estrus 

One important physiological parameter associated with synchronization rate and fertility in 
synchronization programs is the expression of estrus. Cows expressing estrus have greater 
ovulatory follicles, ovulation rates, and higher subsequent circulating P4 and PAG, all 
associated with increased fertility (Mann and Lamming, 1999; Forde et al., 2011; Rizos et al., 
2012; O’Hara et al., 2014; Forde and Lonergan, 2017). Achieving high ovulation rate is crucial 
for fertility in TAI, and the number of recipients available for timed-ET (TET) programs, and 
expression of estrus is associated with greater ovulatory response (Consentini et al., 2025). 
Regarding TET, Cedeño et al. (2020), using different synchronization protocols reported greater 
proportion of nonlactating multiparous beef recipients available for ET if they had expressed 
estrus, besides greater P/ET and pregnancy maintenance after transfer of IVD or IVP embryos. 
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In lactating dairy cows, Pereira et al. (2016) reported that expression of estrus at the end of the 
synchronization protocol for transfer of fresh IVP embryos, was associated with greater P/ET 
on day 32 (46.2 [645/1,397] vs. 32.7% [193/606]) and reduced PL (18.6 [120/645] vs. 32.7% 
[43/193]). These results indicate the importance of circulating estradiol and expression of 
estrus prior to ovulation in recipients, suggesting potential positive effects in uterine 
environment, embryo development, and pregnancy maintenance. 

Circulating progesterone during the pre-ovulatory follicular wave 

The presence of CL and circulating P4 concentrations at the beginning of a synchronization 
protocol and at the time of PGF2α treatment (at the end of the protocol) is associated with 
greater fertility and reduced PL. The presence of CL and higher P4 concentrations during the 
time of follicle development in TAI protocols is related to improved oocyte and embryo quality, 
and lower multiple ovulation rates, both associated with greater fertility and reduced PL 
(Ahmad et al., 1994; Revah and Butler, 1996; Wiltbank et al., 2011; Martins et al., 2018; 
Monteiro et al., 2021). Regarding embryo production and quality, Rivera et al. (2011) reported 
that cows yielding over 40 kg/day of milk that had their ovaries superstimulated to produce 
multiple ovulations during the first follicular wave (lower P4 concentrations during follicle 
growth) had greater percentage of degenerate embryos (23.5%) when compared with cows 
with superstimulated ovaries during the first follicular wave but with P4 supplementation 
(7.1%), or those with superstimulated ovaries during the second follicular wave, under higher 
P4 concentrations (3.9%). Moreover, the percentage of transferable embryos was considerably 
greater after superstimulation during the second follicular wave (88.5%), and the first wave 
with supplementary P4 (78.6%) than superstimulation during the first follicular wave (55.9%). 
Interestingly, the circulating P4 during the TET protocol, specifically at the time of PGF2α 
treatment, has also been associated with pregnancy maintenance in lactating dairy cows. For 
instance, Pereira et al. (2016) reported greater P/ET on day 32 and 60 in lactating dairy cows 
receiving fresh IVP embryos when P4 at the time of PGF2α treatment was ≥ 3.66 ng/mL 
compared to < 3.66 ng/mL. Additionally, a tendency for a linear effect of circulating P4 
concentrations at the time of treatment with PGF2α on probability of pregnancy on day 60 was 
observed. These results suggest that, although the effects on oocyte quality and multiple 
ovulations are expected to not affect fertility of embryo recipients, the P4 environment during 
de preovulatory follicular wave has potential effects on the fertility of embryo recipients. 

Circulating progesterone after ovulation and during early pregnancy 

The requirement for P4 after ovulation for pregnancy maintenance is well known and was 
demonstrated over 100 years ago (Fraenkel and Cohn, 1901; Magnus, 1901). Recent studies 
have reported that higher circulating P4 concentrations at the time of ET were associated with 
higher ISG expression, pregnancy-specific protein B (PSPB) concentrations and more 
pregnancies from day 18 up to calving (Crowe et al., 2024). Although elevated concentrations 
of P4 in the period immediately following conception have been associated with advancement 
of conceptus elongation, increase in IFN-τ production, and greater conception rates in cattle, 
the effects of different strategies attempting to increase circulating P4 after ovulation on 
fertility has not been consistent among studies (Lonergan and Sánchez, 2020). 

A study from our laboratory (Monteiro et al., 2015) treated recipient lactating dairy cows 
with an intravaginal P4 device (1.9 g) before ET to increase circulating P4 concentrations. The 
experiment included three groups: (1) a control group, in which cows were not treated with P4 
(control; n = 132), (2) cows receiving a P4 device 4 days before ET, with the device removed at 
the time of ET (ET-CIDR-4; n = 119), and (3) cows receiving a device 4 days before ET, and kept 
until 10 days after ET (ET-CIDR-14; n = 109). In this study, P4-supplemented lactating dairy cows 
that received an IVP embryo had a substantial decrease in P/ET on days 32 and 88 compared 
with the control group. On day 32, P/ET was greater (P < 0.001) in the control group (39.7%) 
compared to ET-CIDR-4 (21.3%), or ET-CIDR-14 (15.2%) groups. A similar pattern (P < 0.001) was 
observed on day 88 (control: 27.9%, ET-CIDR-4: 11.5%, and ET-CIDR-14: 11.7%). However, 



Pregnancy loss in cattle after embryo transfer 
 

 

Anim Reprod. 2025;22(3):e20250045 6/14 

pregnancy loss between Days 32 and 88 did not differ (P = 0.27) among treatments (control: 
29.5%, ET-CIDR-4: 45.7%, and ET-CIDR-14: 22.6%). 

A strategy to increase circulating P4 during early pregnancy is by generating an accessory CL 
after an ovulation induced by GnRH or hCG at different stages of early pregnancy. A meta-
analysis including studies with cows receiving AI evaluated the effect of several variables on 
fertility and their interactions with GnRH or hCG treatment at different days (Besbaci et al., 2020). 
The results suggest certain benefits of this strategy, such as an increase in conception rate of 
cows with considered poor to moderate fertility (P/AI < 30 to 45%), but other factors should be 
considered such as parity, day and dose of treatments (Besbaci et al., 2020). Similarly, a meta-
analysis including 12 studies with ET fertility results (differing in parity, average fertility, treatment 
type, dosage and time, etc.), reported benefits on fertility in specific cases, such as in cows with 
lower fertility (< 40%), however, no effect on PL was reported (Chen et al., 2023). 

A recent study with ET recipient dairy heifers (n = 1,071), primiparous (n = 691), and 
multiparous cows (n = 379) evaluated the effect of GnRH or hCG treatment on the day of transfer 
of IVP embryos (El Azzi et al., 2023). The overall P/ET on day 37 was relatively high in that study 
for all categories (heifers: 67.7%, primiparous: 51.4%, and multiparous: 44.9%), as well as the PL 
up to calving (heifers: 14.6%, primiparous: 15.2%, and multiparous: 17.7%). However, no effect of 
GnRH or hCG treatment was detected on P/ET, calving/ET or PL. Another study (García-
Guerra et al., 2020), with nulliparous heifers treated or not with GnRH on day 5 after the final 
GnRH of a 5-day synchronization protocol, reported greater circulating P4 concentrations on days 
12 and 21 in treated heifers with accessory CL present, in addition to greater total CL volume on 
day 33. Nevertheless, no effect of treatment was detected on PSPB concentrations on day 28, or 
in overall P/ET and PL after transfer of IVP embryos. When evaluating the effect of treatment 
within embryo stage (blastocyst or expanded blastocyst), although unclear explanatory 
mechanisms, GnRH treatment and presence of accessory CL reduced PL between days 33 and 
60 in heifers receiving expanded blastocysts. Regarding the side of the accessory CL (ipsi or 
contralateral), a study from our research group in lactating dairy cows receiving TAI 
demonstrated that cows treated with GnRH and having an ipsilateral accessory CL had ~50% 
lower PL than the control group of cows not receiving GnRH (6.6 vs. 13.7%). New studies are being 
currently performed with lactating Holstein cows receiving IVP embryos to evaluate the effect of 
the side of the accessory CL on circulating P4, PAG, fertility, and PL up to calving. 

In accordance with literature reports, particularly regarding fertility and PL in both dairy and 
beef cattle, with an emphasis on ET, the following sections present similar results from two 
large-scale, retrospective databases. While the considerable sample size enhances the 
reliability of the observations, it is important to acknowledge that these findings are from 
observational datasets, not controlled experimental designs and should, therefore, be 
interpreted with appropriate caution. 

Fertility and pregnancy loss outcomes in dairy cattle 
Dataset characterization 

A retrospective analysis was conducted by our laboratory using data from 10 commercial 
dairy herds implementing both TAI and ET programs between 2018 and 2023 (Vandresen et al., 
2024). The dataset included reproductive records from heifers (AI: n = 18,681; ET: n = 5,341) 
and lactating dairy cows (AI: n = 42,036; ET: n = 9,120). All embryos transferred in the ET 
programs were IVP. To ensure data reliability, only sires and technicians with a minimum of 
100 repetitions within the dataset were included in the analyses. Reproductive performance 
was evaluated based on P/AI or P/ET, determined between 28 and 40 days post-breeding, and 
PL between first pregnancy diagnosis and calving. 

Effects of biotechnology: TAI vs. ET 

According to this dataset, heifers had greater pregnancy when submitted to ET, whereas PL 
was substantially greater in ET (Table 2). In cows, conception rate was similar between 
biotechnologies, but incidence of PL was greater for ET than AI (Table 2). As a result, in both 
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heifers and cows, the calving rate was greater when females were submitted to AI compared to 
ET with IVP embryos (Table 2). These results coincide with previous studies indicating that, 
although ET can result in greater initial conception rate, it is also associated with a greater risk of 
PL due to factors such as embryo quality, uterine environment, and “maternal recognition of 
pregnancy” (Hansen, 2002; Pohler et al., 2016), which results in a lower number of calves born. 

Table 2. Conception rate, pregnancy loss, and calving rate in dairy cattle undergoing artificial insemination 
(AI) or embryo transfer (ET) with in vitro-produced embryos. Data from Vandresen et al. (2024). 

Biotechnology within category Conception rate1, % 
(n) 

Pregnancy loss2, % 
(n) Calving rate, % (n) 

Heifers    
AI 38.0 (18,681) 18.4 (7,093) 31.0 (18,681) 
ET 41.4 (5,341) 35.7 (2,211) 26.6 (5,341) 

P-value 0.01 < 0.01 < 0.01 
Cows    

AI 36.4 (42,036) 34.2 (15,290) 23.9 (42,036) 
ET 33.9 (9,120) 47.7 (3,094) 17.7 (9,120) 

P-value 0.20 < 0.01 < 0.01 
1Pregnancy diagnosis was performed between 28 and 40 days after AI or between 21 and 33 days after ET; 2Pregnancy 
loss between first pregnancy diagnosis and calving. 

The season did not influence reproductive outcomes in this dataset, with conception rates 
(P/AI and P/ET) having no significant variation between warm and cool seasons, neither in 
heifers (P/AI: warm: 38.1% [3,536/9,277] and cool: 37.8% [3,557/9,404]; P/ET: warm: 41.2% 
[1,035/2,511] and cool: 41.6% [1,176/2,830]), nor cows (P/AI: warm: 35.8% [7,524/21,022] and 
cool: 37.0% [7,776/21,014]; P/ET: warm: 33.9% [1,489/4,388] and cool: 33.9% [1,605/4,732]). 
Pregnancy loss remained similar across seasons in heifers (AI: warm: 18.7% [661/3,536] and 
cool: 18.1% [644/3,557]; ET: warm: 35.0% [362/1,035] and cool: 36.4% [428/1,176]) and cows 
(AI: warm: 35.0% [2,633/7,524] and cool: 33.5% [2,605/7,776]; ET: warm: 47.4% [706/1,489] and 
cool: 48.0% [770/1,605]). These findings are according to other studies that suggest that 
although heat stress is a well-documented cause of reproductive failure, its impact on 
pregnancy maintenance may be mitigated by appropriate management strategies 
(Wiltbank et al., 2016). 

Parity was an important factor affecting pregnancy success in both biotechnologies. 
Regardless of biotechnology, pregnancy decreased as parity increased (Table 3), with 
primiparous cows having the greatest (P ≤ 0.05) conception rate (36.9%a [9,139/24,768]), 
followed by second lactation cows (35.3%b [5,220/14,788]), and multiparous cows (34.6%c 
[4,014/11,600]). Specifically, among cows receiving ET, P/ET was greater (P ≤ 0.05) in 
primiparous (Table 3), which did not differ from each other. In addition, regardless of 
biotechnology, PL was greater (P ≤ 0.05) in multiparous cows (37.6%a [1,510/4,016]), and 
secundiparous (37.5%a [1,959/5,224]) than in primiparous cows (35.4%b [3,237/9,144]). These 
results are consistent with findings from Munhoz et al. (2025), who reported that multiparous 
experience greater PL than primiparous cows, likely due to increased metabolic demands and 
cumulative reproductive stress (Chebel et al., 2004; Diskin et al., 2016). However, in this 
dataset, we did not observe an interaction effect between biotechnology and parity. 

The findings highlight the complexity of reproductive success in dairy cattle, with ET leading 
to greater initial conception rates in heifers and greater PL in cows and heifers compared to AI. 
Additionally, parity remains a crucial factor, with primiparous having greater fertility outcomes. 
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Table 3. Effects of parity on fertility in dairy cattle undergoing artificial insemination (AI) or embryo 
transfer (ET) with in vitro-produced embryos. Data from Vandresen et al. (2024). 

Parity Biotechnology P-value 
AI ET Biotec.3 Parity4 B*P5 

Conception rate1 
Primiparous, % (n) 37.0 (20,251) 36.6a (4,517) 

0.20 < 0.01 < 0.01 Secundiparous, % (n) 36.3 (12,100) 30.9b (2,688) 
Multiparous, % (n) 35.2 (9,685) 31.9b (1,915) 

Pregnancy loss2 
Primiparous, % (n) 33.1 (7,492) 46.0 (1,652) 

< 0.01 < 0.01 0.89 Secundiparous, % (n) 35.3 (4,393) 49.1 (831) 
Multiparous, % (n) 35.2 (3,405) 50.4 (611) 

a,bSuperscript letters denote differences (P ≤ 0.05) between rows within columns. 1Pregnancy diagnosis was performed between 
28 and 40 days after AI or between 21 and 33 days after ET; 2Pregnancy loss between first pregnancy diagnosis and calving; 3Refers 
to the main effect of biotechnology; 4Refers to the main effect of parity; 5Refers to the interaction between biotechnology and parity. 

Fertility and pregnancy loss in beef cattle 

Dataset characterization 

The database was collected from August 2021 to February 2023 from a single IVP embryo 
company and donors from a single farm, and recipients from eight farms (unpublished data). To 
ensure data reliability, only sires with a minimum of 100 repetitions were included in the analysis. 
We evaluated the effects of donor category (Nelore donors: calf, heifer, or cow), type of semen 
(conventional or sex-sorted), protocol length (7, 8, or 9 days of intravaginal P4 device), breed (Nelore 
or crossbred [Angus × Nelore]), and recipient category (heifer, primiparous, or multiparous). For 
each response variable analyzed, a specific sample group was defined. 

Effect of donor category 

To evaluate the effect of donor category, data from primiparous and multiparous recipients 
that received embryos from donors classified as calves, heifers, or cows were analyzed. This 
analysis considered the donor category, recipient category, semen type (conventional or sex-
sorted), and their interactions. 

The donor category influenced P/ET but not PL (Table 4). In Nelore recipients, heifer donors had 
greater (P ≤ 0.05) P/ET than calf donors, and cow donors did not differ from the others. In crossbred 
(Angus × Nelore) recipients, cow donors had greater (P ≤ 0.05) P/ET than calves or heifer donors. The 
donor category did not affect PL (Table 4) in Nelore or crossbred (Angus × Nelore) recipients (Table 4). 

Table 4. Effects of donor category on pregnancy per embryo transfer (P/ET) and pregnancy loss in beef 
cattle undergoing in vitro embryo production. Unpublished data. 

Recipient breed Donor category P-value Calf Heifer Cow 
P/ET, % (n)     

Nelore 38.5y 45.9x 44.2xy 0.019 (1,073) (1,029) (925) 

Crossbred (Angus x Nelore) 39.9y 41.9y 48.4x 0.005 (1,030) (831) (3,255) 
Pregnancy loss1, % (n)     

Nelore 12.1 15.0 8.6 0.17 (413) (472) (409) 

Crossbred (Angus x Nelore) 24.3 15.5 19.0 0.25 (411) (348) (1,576) 
 

x,ySuperscript letters denote differences (P ≤ 0.05) within rows. 1Pregnancy loss between 30 and 90 days of pregnancy. 
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Effect of type of semen 

To evaluate the effects of semen type (Table 5), data from donor cows and primiparous and 
multiparous recipients were analyzed. This analysis considered the recipient category, 
recipient breed, semen type (conventional or sex-sorted), and their interactions. 

The type of semen used for fertilization had a significant impact on fertility, with sexed semen 
achieving greater (P ≤ 0.05) P/ET compared to conventional semen (Table 5). However, PL did not 
differ between types of semen. Conversely, Palma et al. (2008) reported lower efficiency with sexed 
semen in IVP, showing reduced cleavage rates and blastocyst development. Similarly, Magata et al. 
(2021) observed dysmorphisms during the first cleavage and delayed embryo growth in bovine 
embryos produced with X-sorted sperm, which could impair the viability of embryos that reach the 
blastocyst stage. However, in our data, sexed semen enhanced initial conception rates without 
affecting pregnancy maintenance, possibly due to successful fertilization despite early 
developmental challenges. Additionally, evaluating early embryonic development and de-selecting 
embryos with abnormal first cleavage patterns could improve the success of IVP programs using 
sex-sorted sperm by selecting embryos with higher implantation potential. 

Effect of synchronization protocol length 

To evaluate the effect of protocol length, data from donor cows and primiparous crossbred (Angus 
× Nelore) recipients were analyzed. The analysis considered the effect of intravaginal P4 device 
durations of 7, 8, or 9 days (Figure 1), type of semen (conventional or sex-sorted), and their interaction. 

 
Figure 1. Schematic representation of synchronization protocols for embryo transfer (ET) with different 
lengths (7, 8, or 9 days) according to the duration of permanence of the intravaginal progesterone (P4) 
device. *EB: estradiol benzoate; PGF: prostaglandin-F2α analogue; EC: estradiol cypionate; eCG: equine 
chorionic gonadotropin. 

In these data, the length of hormonal synchronization protocols influenced P/ET outcomes 
(Table 5), with a 7-day protocol yielding the greatest (P ≤ 0.05) fertility compared with the longer 
protocols. Pregnancy loss did not differ (P = 0.15) among protocols with different times of 
permanence of the intravaginal P4 device (Table 5). A possible explanation for the superior 
performance of the 7-day protocol is that this duration better synchronizes the timing of 
ovulation, leading to a more synchronous uterus with embryo transferred at the time of ET. 
Additionally, according to personal communication, pregnancy success is greater when the 
embryo's developmental stage is more closely aligned with the recipient’s estrous cycle day. 
Therefore, the 7-day protocol may provide an advantage by improving this synchrony. 
Moreover, it is important to highlight that studies are still needed to confirm these associations 
and guide reproductive strategies based on solid evidence. 
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Table 5. Effects of semen, synchronization protocol, and recipient on fertility (pregnancy per embryo 
transfer [P/ET]) in beef cattle undergoing in vitro embryo production (IVP). Unpublished data. 

Item n P/ET, % Pregnancy loss5, % 
Type of semen1    

Conventional 2,063 46.0 15.9 
Sex-sorted 2,117 48.9 17.7 
P-value - 0.02 0.83 

Protocol length2    
7 days 335 64.8ª 10.6 
8 days 950 52.6b 12.0 
9 days 401 50.4b 17.8 
P-value - 0.0007 0.15 

Recipient category3    
Heifer 1,339 39.1b 31.4ª 
Primiparous cows 1,686 54.5ª 13.0b 
Multiparous cows 230 58.3ª 11.9b 
P-value - <0.0001 <0.0001 

Recipient breed4    
Nelore 925 44.2 8.6 
Crossbred (Angus x Nelore) 3,255 48.4 19.0 
P-value - 0.01 <0.0001 

a,bSuperscript letters denote differences (P ≤ 0.05) between rows within columns. 1The analysis of the type of semen was 
performed on a homogeneous sample universe, including only cow donors and cow recipients; 2The analysis of the 
protocol length was performed on a homogeneous sample universe, including only cow donors and crossbred (Angus 
× Nelore) primiparous recipients; 3The analysis of the recipient category was performed on a homogeneous sample 
universe, including only cow donors and crossbred (Angus × Nelore) recipients; 4The analysis of the breed recipients was 
performed on a homogeneous sample universe, including only donor cows and recipient cows; 5Pregnancy loss between 
30 and 90 days of pregnancy. 

Effect of recipient 

To evaluate the effect of the recipient category, data from crossbred (Angus × Nelore) 
recipients receiving embryos from cows as donors were analyzed. The analysis considered 
recipient category (heifers, primiparous, or multiparous), semen type (conventional or sex-
sorted), and their interaction. Additionally, to assess the effect of the recipient breed, only cows 
(primiparous and multiparous) were considered as recipients receiving embryos from cows as 
donors. This analysis included recipient breed (Nelore or Angus × Nelore), semen type, 
recipient category, and the interaction between recipient breed and semen type. 

The recipient category affected P/ET and PL (Table 5). Multiparous and primiparous cows 
had greater (P ≤ 0.05) P/ET than heifers. Moreover, heifers had greater (P ≤ 0.05) PL than 
primiparous and multiparous cows (Table 5). These results emphasize the importance of 
selecting reproductively mature recipients to enhance ET success. 

The recipient breed influenced pregnancy outcomes, with crossbred (Angus × Nelore) cows 
having the greatest (P ≤ 0.05) P/ET at 30 days of pregnancy compared to Nelore cows (Table 5). 
However, P/ET at 90 days of pregnancy was similar between breeds due to greater (P ≤ 0.05) 
PL in crossbred recipients compared to Nelore cows. These data show that although crossbred 
cows may have greater initial conception rates, Nelore cows maintain pregnancies more 
effectively, with no differences in final P/ET. 

These data demonstrate that multiple factors influence the success of ET in beef cattle, with 
donor, semen, protocol, and recipient characteristics being pivotal. Cow donors and recipients 
significantly enhance pregnancy outcomes. Besides that, shorter synchronization protocols 
were associated with improved fertility rates, while despite greater initial P/ET in crossbred 
(Angus × Nelore) recipients, Nelore cows maintain pregnancies more effectively. 

Conclusion 

The literature and database analyses converge to several key factors affecting reproductive 
success in cattle receiving IVP embryos. Embryo quality is a consistent determinant of 
pregnancy loss, with lower-quality embryos associated with reduced outcomes. Uterine and 
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non-uterine health problems, lack of estrus, and abnormal hormonal environments, 
particularly lower circulating progesterone and estradiol, are associated with impaired embryo 
development and pregnancy maintenance. In dairy cattle, parity and environmental conditions 
impact fertility, while in beef cattle, donor and recipient characteristics, synchronization 
protocols, and genetic are decisive for successful outcomes. Although the databases comprise 
large and representative populations, providing valuable insights into field conditions, the 
observational nature of these data requires cautious interpretation. Controlled studies remain 
essential to validate these associations and inform evidence-based reproductive strategies. 

Acknowledgements 

The authors were supported by scholarships from the National Council for Scientific and 
Technological Development (CNPq, Brasília, Brazil), the Coordination for the Improvement of 
Higher Education Personnel (CAPES, Brasília, Brazil), or from the São Paulo Research Foundation 
(FAPESP). This study was partially supported by the Grant # 2018/03798-7 from FAPESP. 

Data availability statement 

Research data is only available upon request. 

References 

Ahmad N, Schrick FN, Butcher RL, Inskeep EK. Fertilization rate and embryo development in relation to 
persistent follicles and peripheral estradiol-17-beta in beef-cows. Biol Reprod. 1994;50:65. 

Albaaj A, Durocher J, LeBlanc SJ, Dufour S. Meta-analysis of the incidence of pregnancy losses in dairy 
cows at different stages to 90 days of gestation. JDS Communications. 2023;4(2):144-8. 
http://doi.org/10.3168/jdsc.2022-0278. PMid:36974208. 

Atkins JA, Smith MF, MacNeil MD, Jinks EM, Abreu FM, Alexander LJ, Geary TW. Pregnancy establishment 
and maintenance in cattle. J Anim Sci. 2013;91(2):722-33. http://doi.org/10.2527/jas.2012-5368. 
PMid:23148248. 

Ayalon N. A review of embryonic mortality in cattle. J Reprod Fertil. 1978;54(2):483-93. 
http://doi.org/10.1530/jrf.0.0540483. PMid:364054. 

El Azzi MS, Cardoso JL, Landeo RA, Pontes JHF, Souza JC, Martins JPN. Effect of inducing accessory corpus 
luteum formation with gonadotropin-releasing hormone or human chorionic gonadotropin on the 
day of embryo transfer on fertility of recipient dairy heifers and lactating cows. JDS Communications. 
2023;4(2):155-60. http://doi.org/10.3168/jdsc.2022-0286. PMid:36974210. 

Berg DK, Ledgard A, Donnison M, McDonald R, Henderson HV, Meier S, Juengel JL, Burke CR. The first 
week following insemination is the period of major pregnancy failure in pasture-grazed dairy cows. J 
Dairy Sci. 2022;105(11):9253-70. http://doi.org/10.3168/jds.2021-21773. PMid:36153157. 

Besbaci M, Abdelli A, Minviel JJ, Belabdi I, Kaidi R, Raboisson D. Association of pregnancy per artificial 
insemination with gonadotropin-releasing hormone and human chorionic gonadotropin 
administered during the luteal phase after artificial insemination in dairy cows: a meta-analysis. J 
Dairy Sci. 2020;103(2):2006-18. http://doi.org/10.3168/jds.2019-16439. PMid:31785879. 

Boyd H, Bacsich P, Young A, McCracken JA. Fertilization and embryonic survival in dairy cattle. Br Vet J. 
1969;125(2):87-97. http://doi.org/10.1016/S0007-1935(17)49112-3. PMid:5816352. 

Carvalho MR, Peñagaricano F, Santos JEP, DeVries TJ, McBride BW, Ribeiro ES. Long-term effects of 
postpartum clinical disease on milk production, reproduction, and culling of dairy cows. J Dairy Sci. 
2019;102(12):11701-17. http://doi.org/10.3168/jds.2019-17025. PMid:31548073. 

Cedeño A, Tríbulo A, Tríbulo RJ, Andrada S, Mapletoft RJ, Bó GA. Effect of estrus expression or treatment 
with GnRH on pregnancies per embryo transfer and pregnancy losses in beef recipients 
synchronized with estradiol/progesterone-based protocols. Theriogenology. 2020;157:378-87. 
http://doi.org/10.1016/j.theriogenology.2020.08.023. PMid:32866844. 

Chebel RC, Santos JEP, Reynolds JP, Cerri RLA, Juchem SO, Overton M. Factors affecting conception rate 
after artificial insemination and pregnancy loss in lactating dairy cows. Anim Reprod Sci. 2004;84(3-
4):239-55. http://doi.org/10.1016/j.anireprosci.2003.12.012. PMid:15302368. 

https://doi.org/10.3168/jdsc.2022-0278
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36974208&dopt=Abstract
https://doi.org/10.2527/jas.2012-5368
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23148248&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23148248&dopt=Abstract
https://doi.org/10.1530/jrf.0.0540483
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=364054&dopt=Abstract
https://doi.org/10.3168/jdsc.2022-0286
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36974210&dopt=Abstract
https://doi.org/10.3168/jds.2021-21773
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36153157&dopt=Abstract
https://doi.org/10.3168/jds.2019-16439
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31785879&dopt=Abstract
https://doi.org/10.1016/S0007-1935(17)49112-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=5816352&dopt=Abstract
https://doi.org/10.3168/jds.2019-17025
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31548073&dopt=Abstract
https://doi.org/10.1016/j.theriogenology.2020.08.023
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32866844&dopt=Abstract
https://doi.org/10.1016/j.anireprosci.2003.12.012
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15302368&dopt=Abstract


Pregnancy loss in cattle after embryo transfer 
 

 

Anim Reprod. 2025;22(3):e20250045 12/14 

Chen F, Hou Y, Zhu X, Mei C, Guo R, Shi Z. Impact of accessory corpus luteum induced by gonadotropin-
releasing hormone or human chorionic gonadotropin on pregnancy rates of dairy cattle following embryo 
transfer: a META-analysis. Vet Sci. 2023;10(5):309. http://doi.org/10.3390/vetsci10050309. PMid:37235391. 

Consentini CEC, Abadia T, Galindez JPA, Lopes ALM, Ferro PPC, Pazini YE, Faria NV, Machado F, Capella T, 
dos Santos TN, Duarte M, Ferreira PP, Matos LMF, Ferreira DR, Campos E, Prata A, Melo LF, Wiltbank 
MC, Sartori R. Fertility programs for lactating dairy cows: a novel Presynch + Timed AI program 
(Double E-Synch) produces similar ovarian dynamics, synchronization, and fertility as Double-
Ovsynch. J Dairy Sci. 2025;108(4):4435-47. http://doi.org/10.3168/jds.2024-25221. PMid:40043755. 

Crowe AD, Sánchez JM, Moore SG, McDonald M, McCabe MS, Randi F, Lonergan P, Butler ST. Incidence 
and timing of pregnancy loss following timed artificial insemination or timed embryo transfer with a 
fresh or frozen in vitro-produced embryo. J Dairy Sci. 2025;108(1):1022-38. 
http://doi.org/10.3168/jds.2024-25139. PMid:39343229. 

Crowe AD, Sánchez JM, Moore SG, McDonald M, Rodrigues R, Morales MF, Orsi de Freitas L, Randi F, Furlong J, 
Browne JA, Rabaglino MB, Lonergan P, Butler ST. Fertility in seasonal-calving pasture-based lactating dairy 
cows following timed artificial insemination or timed embryo transfer with fresh or frozen in vitro–produced 
embryos. J Dairy Sci. 2024;107(3):1788-804. http://doi.org/10.3168/jds.2023-23520. PMid:37806631. 

Diskin MG, Sreenan JM. Fertilization and embryonic mortality rates in beef heifers after artificial 
insemination. J Reprod Fertil. 1980;59(2):463-8. http://doi.org/10.1530/jrf.0.0590463. PMid:7431304. 

Diskin MG, Waters SM, Parr MH, Kenny DA. Pregnancy losses in cattle: potential for improvement. 
Reprod Fertil Dev. 2016;28(1-2):83-93. http://doi.org/10.1071/RD15366. PMid:27062877. 

Domingues RR, Andrade JPN, Cunha TO, Madureira G, Moallem U, Gomez-Leon V, Martins JPN, Wiltbank 
MC. Is pregnancy loss initiated by embryonic death or luteal regression? Profiles of pregnancy-
associated glycoproteins during elevated progesterone and pregnancy loss. JDS Communications. 
2023;4(2):149-54. http://doi.org/10.3168/jdsc.2022-0282. PMid:36974213. 

Edelhoff INF, Pereira MHC, Bromfield JJ, Vasconcelos JLM, Santos JEP. Inflammatory diseases in dairy 
cows: risk factors and associations with pregnancy after embryo transfer. J Dairy Sci. 
2020;103(12):11970-87. http://doi.org/10.3168/jds.2020-19070. PMid:33010915. 

Forde N, Carter F, Spencer TE, Bazer FW, Sandra O, Mansouri-Attia N, Okumu LA, McGettigan PA, Mehta 
JP, McBride R, O’Gaora P, Roche JF, Lonergan P. Conceptus-induced changes in the endometrial 
transcriptome: how soon does the cow know she is pregnant? Biol Reprod. 2011;85(1):144-56. 
http://doi.org/10.1095/biolreprod.110.090019. PMid:21349821. 

Forde N, Lonergan P. Interferon-tau and fertility in ruminants. Reproduction. 2017;154(5):F33-43. 
http://doi.org/10.1530/REP-17-0432. PMid:28887326. 

Fraenkel L, Cohn F. Experimentelle untersuchungen des corpus luteum auf die insertion des eies. 
Theorie von Born. 1901;20:294-300. 

Gábor G, Kastelic J, Abonyi‐Tóth Z, Gábor P, Endrődi T, Balogh O. Pregnancy loss in dairy cattle: relationship of 
ultrasound, blood pregnancy‐specific protein B, progesterone and production variables. Reprod Domest 
Anim. 2016;51(4):467-73. http://doi.org/10.1111/rda.12703. PMid:27198072. 

García-Guerra A, Sala RV, Carrenho-Sala L, Baez GM, Motta JCL, Fosado M, Moreno JF, Wiltbank MC. 
Postovulatory treatment with GnRH on day 5 reduces pregnancy loss in recipients receiving an in 
vitro produced expanded blastocyst. Theriogenology. 2020;141:202-10. 
http://doi.org/10.1016/j.theriogenology.2019.05.010. PMid:31606718. 

Geisert RD, Short EC, Morgan GL. Establishment of pregnancy in domestic species. In: Geisert RD, Zavy 
MT, editors. Embryonic mortality in domestic species. 1st ed. Florida: CRC Press; 1994. p. 23–53. 

Grealy M, Diskin MG, Sreenan JM. Protein content of cattle oocytes and embryos from the two-cell to the 
elongated blastocyst stage at day 16. J Reprod Fertil. 1996;107(2):229-33. 
http://doi.org/10.1530/jrf.0.1070229. PMid:8882289. 

Hansen PJ. Embryonic mortality in cattle from the embryo’s perspective. J Anim Sci. 2002;80(Suppl 2):E33-
44. http://doi.org/10.2527/animalsci2002.80E-Suppl_2E33x. 

Lonergan P, Sánchez JM. Symposium review: progesterone effects on early embryo development in 
cattle. J Dairy Sci. 2020;103(9):8698-707. http://doi.org/10.3168/jds.2020-18583. PMid:32622590. 

Magata F, Urakawa M, Matsuda F, Oono Y. Developmental kinetics and viability of bovine embryos 
produced in vitro with sex-sorted semen. Theriogenology. 2021;161:243-51. 
http://doi.org/10.1016/j.theriogenology.2020.12.001. PMid:33340757. 

Magnus V. Ovariets betydning for svangerskabet med saerligt hensyntil corpus luteum. Nor Mag 
Laegevidenskaben. 1901;62:1138–42.  

https://doi.org/10.3390/vetsci10050309
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37235391&dopt=Abstract
https://doi.org/10.3168/jds.2024-25221
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40043755&dopt=Abstract
https://doi.org/10.3168/jds.2024-25139
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39343229&dopt=Abstract
https://doi.org/10.3168/jds.2023-23520
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37806631&dopt=Abstract
https://doi.org/10.1530/jrf.0.0590463
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7431304&dopt=Abstract
https://doi.org/10.1071/RD15366
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27062877&dopt=Abstract
https://doi.org/10.3168/jdsc.2022-0282
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36974213&dopt=Abstract
https://doi.org/10.3168/jds.2020-19070
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33010915&dopt=Abstract
https://doi.org/10.1095/biolreprod.110.090019
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21349821&dopt=Abstract
https://doi.org/10.1530/REP-17-0432
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28887326&dopt=Abstract
https://doi.org/10.1111/rda.12703
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27198072&dopt=Abstract
https://doi.org/10.1016/j.theriogenology.2019.05.010
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31606718&dopt=Abstract
https://doi.org/10.1530/jrf.0.1070229
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8882289&dopt=Abstract
https://doi.org/10.2527/animalsci2002.80E-Suppl_2E33x
https://doi.org/10.3168/jds.2020-18583
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32622590&dopt=Abstract
https://doi.org/10.1016/j.theriogenology.2020.12.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33340757&dopt=Abstract


Pregnancy loss in cattle after embryo transfer 
 

 

Anim Reprod. 2025;22(3):e20250045 13/14 

Mann G, Lamming G. The influence of progesterone during early pregnancy in cattle. Reprod Domest 
Anim. 1999;34(3-4):269-74. http://doi.org/10.1111/j.1439-0531.1999.tb01250.x. 

Mann GE, Lamming GE, Robinson RS, Wathes DC. The regulation of interferon-t production and uterine 
hormone receptors during early pregnancy. J Reprod Fertil. 1999;54:317-28. 

Martins JPN, Wang D, Mu N, Rossi GF, Martini AP, Martins VR, Pursley JR. Level of circulating 
concentrations of progesterone during ovulatory follicle development affects timing of pregnancy 
loss in lactating dairy cows. J Dairy Sci. 2018;101(11):10505-25. http://doi.org/10.3168/jds.2018-
14410. PMid:30197145. 

Maurer RR, Chenault JR. Fertilization failure and embryonic mortality in parous and nonparous beef 
cattle. J Anim Sci. 1983;56(5):1186-9. http://doi.org/10.2527/jas1983.5651186x. PMid:6863165. 

Mercadante VRG, Dias NW, Timlin CL, Pancini S. Economic consequences of pregnancy loss in beef cattle. 
J Anim Sci. 2020;98(Suppl 4):124. http://doi.org/10.1093/jas/skaa278.226. 

Monteiro PLJ Jr, Nascimento AB, Pontes GCS, Fernandes GO, Melo LF, Wiltbank MC, Sartori R. 
Progesterone supplementation after ovulation: effects on corpus luteum function and on fertility of 
dairy cows subjected to AI or ET. Theriogenology. 2015;84(7):1215-24. 
http://doi.org/10.1016/j.theriogenology.2015.06.023. PMid:26255222. 

Monteiro PLJ, Sartori R, Canavessi AMO, Melo LF, Motta JCL, Consentini CEC, Wiltbank MC. Accessory 
corpus luteum regression during pregnancy I: timing, physiology, and P4 profiles. Reproduction. 
2021;162(6):473-82. http://doi.org/10.1530/REP-21-0167. PMid:34597273. 

Munhoz AK, Cooke RF, Prado CP, Munhoz SK, de Sousa MCG, da Silva VMP, Pohler KG, Cappellozza BI, 
Vasconcelos JLM. Characterizing pregnancy losses in lactating Holstein cows receiving a fixed-timed 
artificial insemination protocol. Anim Reprod Sci. 2025;272:107644. 
http://doi.org/10.1016/j.anireprosci.2024.107644. PMid:39549490. 

O’Hara L, Forde N, Kelly AK, Lonergan P. Effect of bovine blastocyst size at embryo transfer on day 7 on conceptus 
length on day 14: can supplementary progesterone rescue small embryos? Theriogenology. 2014;81(8):1123-
8. http://doi.org/10.1016/j.theriogenology.2014.01.041. PMid:24582375. 

Okuda K, Miyamoto Y, Skarzynski DJ. Regulation of endometrial prostaglandin F2α synthesis during 
luteolysis and early pregnancy in cattle. Domest Anim Endocrinol. 2002;23(1-2):255-64. 
http://doi.org/10.1016/S0739-7240(02)00161-3. PMid:12142242. 

Palma GA, Olivier NS, Neumüller C, Sinowatz F. Effects of sex‐sorted spermatozoa on the efficiency of in 
vitro fertilization and ultrastructure of in vitro produced bovine blastocysts. Anat Histol Embryol. 
2008;37(1):67-73. http://doi.org/10.1111/j.1439-0264.2007.00795.x. PMid:18197903. 

Pereira MHC, Wiltbank MC, Vasconcelos JLM. Expression of estrus improves fertility and decreases 
pregnancy losses in lactating dairy cows that receive artificial insemination or embryo transfer. J 
Dairy Sci. 2016;99(3):2237-47. http://doi.org/10.3168/jds.2015-9903. PMid:26723130. 

Pohler KG, Pereira MHC, Lopes FR, Lawrence JC, Keisler DH, Smith MF, Vasconcelos JLM, Green JA. 
Circulating concentrations of bovine pregnancy-associated glycoproteins and late embryonic 
mortality in lactating dairy herds. J Dairy Sci. 2016;99(2):1584-94. http://doi.org/10.3168/jds.2015-
10192. PMid:26709163. 

Pursley JR, Santos A, Minela T. Review: initial increase in pregnancy-specific protein B in maternal 
circulation after artificial insemination is a key indicator of embryonic survival in dairy cows. Animal. 
2023;17(Suppl 1):100746. http://doi.org/10.1016/j.animal.2023.100746. PMid:37567663. 

Reese ST, Franco GA, Poole RK, Hood R, Fernadez Montero L, Oliveira Filho RV, Cooke RF, Pohler KG. 
Pregnancy loss in beef cattle: a meta-analysis. Anim Reprod Sci. 2020;212:106251. 
http://doi.org/10.1016/j.anireprosci.2019.106251. PMid:31864492. 

Revah I, Butler WR. Prolonged dominance of follicles and reduced viability of bovine oocytes. J Reprod 
Fertil. 1996;106(1):39-47. http://doi.org/10.1530/jrf.0.1060039. PMid:8667344. 

Ribeiro ES, Gomes G, Greco LF, Cerri RLA, Vieira-Neto A, Monteiro PLJ Jr, Lima FS, Bisinotto RS, Thatcher WW, 
Santos JEP. Carryover effect of postpartum inflammatory diseases on developmental biology and fertility in 
lactating dairy cows. J Dairy Sci. 2016;99(3):2201-20. http://doi.org/10.3168/jds.2015-10337. PMid:26723113. 

Rivera FA, Mendonça LGD, Lopes G Jr, Santos JEP, Perez RV, Amstalden M, Correa-Calderón A, Chebel RC. 
Reduced progesterone concentration during growth of the first follicular wave affects embryo quality 
but has no effect on embryo survival post transfer in lactating dairy cows. Reproduction. 
2011;141(3):333-42. http://doi.org/10.1530/REP-10-0375. PMid:21177956. 

Rizos D, Scully S, Kelly AK, Ealy AD, Moros R, Duffy P, Al Naib A, Forde N, Lonergan P. Effects of human 
chorionic gonadotrophin administration on Day 5 after oestrus on corpus luteum characteristics, 
circulating progesterone and conceptus elongation in cattle. Reprod Fertil Dev. 2012;24(3):472-81. 
http://doi.org/10.1071/RD11139. PMid:22401279. 

https://doi.org/10.1111/j.1439-0531.1999.tb01250.x
https://doi.org/10.3168/jds.2018-14410
https://doi.org/10.3168/jds.2018-14410
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30197145&dopt=Abstract
https://doi.org/10.2527/jas1983.5651186x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6863165&dopt=Abstract
https://doi.org/10.1093/jas/skaa278.226
https://doi.org/10.1016/j.theriogenology.2015.06.023
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26255222&dopt=Abstract
https://doi.org/10.1530/REP-21-0167
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34597273&dopt=Abstract
https://doi.org/10.1016/j.anireprosci.2024.107644
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39549490&dopt=Abstract
https://doi.org/10.1016/j.theriogenology.2014.01.041
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24582375&dopt=Abstract
https://doi.org/10.1016/S0739-7240(02)00161-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12142242&dopt=Abstract
https://doi.org/10.1111/j.1439-0264.2007.00795.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18197903&dopt=Abstract
https://doi.org/10.3168/jds.2015-9903
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26723130&dopt=Abstract
https://doi.org/10.3168/jds.2015-10192
https://doi.org/10.3168/jds.2015-10192
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26709163&dopt=Abstract
https://doi.org/10.1016/j.animal.2023.100746
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37567663&dopt=Abstract
https://doi.org/10.1016/j.anireprosci.2019.106251
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31864492&dopt=Abstract
https://doi.org/10.1530/jrf.0.1060039
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8667344&dopt=Abstract
https://doi.org/10.3168/jds.2015-10337
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26723113&dopt=Abstract
https://doi.org/10.1530/REP-10-0375
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21177956&dopt=Abstract
https://doi.org/10.1071/RD11139
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22401279&dopt=Abstract


Pregnancy loss in cattle after embryo transfer 
 

 

Anim Reprod. 2025;22(3):e20250045 14/14 

Roche JF, Bolandl M, McGeady T. Reproductive wastage following artificial insemination of heifers. Vet 
Rec. 1981;109(18):401-4. http://doi.org/10.1136/vr.109.18.401. PMid:7340073. 

Santos A, Minela T, Branen J, Pursley JR. Time to increase in pregnancy-specific protein B following 
artificial insemination is a direct determinant of subsequent pregnancy loss in lactating dairy cows. J 
Dairy Sci. 2023;106(5):3734-47. http://doi.org/10.3168/jds.2022-22553. PMid:37028965. 

Santos JEP, Thatcher WW, Chebel RC, Cerri RLA, Galvão KN. The effect of embryonic death rates in cattle 
on the efficacy of estrus synchronization programs. Anim Reprod Sci. 2004;82–83:513-35. 
http://doi.org/10.1016/j.anireprosci.2004.04.015. PMid:15271477. 

Sartori R, Bastos MR, Wiltbank MC. Factors affecting fertilisation and early embryo quality in single- and 
superovulated dairy cattle. Reprod Fertil Dev. 2010;22(1):151-8. http://doi.org/10.1071/RD09221. 
PMid:20003858. 

Sartori R, Haughian JM, Shaver RD, Rosa GJ, Wiltbank MC. Comparison of ovarian function and circulating 
steroids in estrous cycles of Holstein heifers and lactating cows. J Dairy Sci. 2004;87(4):905-20. 
http://doi.org/10.3168/jds.S0022-0302(04)73235-X. PMid:15259225. 

Sartori R, Sartor-Bergfelt R, Mertens SA, Guenther JN, Parrish JJ, Wiltbank MC. Fertilization and early 
embryonic development in heifers and lactating cows in summer and lactating and dry cows in winter. J 
Dairy Sci. 2002;85(11):2803-12. http://doi.org/10.3168/jds.S0022-0302(02)74367-1. PMid:12487447. 

Sreenan JM, Diskin MG, Morris DG. Embryo survival rate in cattle: a major limitation to the achievement of 
high fertility. BSAP Occasional Publication. 2001;26(1):93-104. http://doi.org/10.1017/S0263967X00033619. 

Stringfellow DA, Givens MD. Manual of the International Embryo Transfer Society (IETS). 4th ed. 
Champaign: IETS; 2010. 

Thatcher WW, Binelli M, Arnold D, Mattos R, Badinga L, Moreira F, Staples CR, Guzeloglu A. Endocrine 
and physiological events from ovulation to establishment of pregnancy in cattle. BSAP Occasional 
Publication. 2001;26(1):81-91. http://doi.org/10.1017/S0263967X00033607. 

Vandresen CC, Silva LO, Lopes ALM, Stolf RL, Pontes GCS, Sartori R. Factors affecting efficiency of artificial 
insemination or transfer of in vitro produced embryos in dairy herds. Anim Reprod. 2024;21:81. 

De Vries A. Economic value of pregnancy in dairy cattle. J Dairy Sci. 2006;89(10):3876-85. 
http://doi.org/10.3168/jds.S0022-0302(06)72430-4. PMid:16960063. 

Wiltbank MC, Baez GM, Garcia-Guerra A, Toledo MZ, Monteiro PLJ, Melo LF, Ochoa JC, Santos JE, Sartori R. 
Pivotal periods for pregnancy loss during the first trimester of gestation in lactating dairy cows. 
Theriogenology. 2016;86(1):239-53. http://doi.org/10.1016/j.theriogenology.2016.04.037. PMid:27238438. 

Wiltbank MC, Carvalho PD, Kaskin A, Hackbart KS, Meschiatti MA, Bastos MR, Guenther JN, Nascimento 
AB, Herlihy MM, Amundson MC, Souza AH. Effect of progesterone concentration during follicle 
development on subsequent ovulation, fertilization, and early embryo development in lactating dairy 
cows. Biol Reprod. 2011;85(Suppl 1):685. http://doi.org/10.1093/biolreprod/85.s1.685. 

Author contributions 

RS: Conceptualization, Funding acquisition, Investigation, Project administration, Resources, Supervision, Validation, Writing – review & editing; MB: 
Conceptualization, Formal analysis, Investigation, Validation, Visualization, Writing – original draft, Writing – review & editing; LOS: Conceptualization, Formal 
analysis, Investigation, Validation, Visualization, Writing – review & editing; CECC: Conceptualization, Investigation, Validation, Writing – original draft, Writing 
– review & editing; LFM: Writing – review & editing; GCSP: Data curation, Resources; DG: Data curation, Resources. 

https://doi.org/10.1136/vr.109.18.401
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7340073&dopt=Abstract
https://doi.org/10.3168/jds.2022-22553
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37028965&dopt=Abstract
https://doi.org/10.1016/j.anireprosci.2004.04.015
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15271477&dopt=Abstract
https://doi.org/10.1071/RD09221
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20003858&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20003858&dopt=Abstract
https://doi.org/10.3168/jds.S0022-0302(04)73235-X
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15259225&dopt=Abstract
https://doi.org/10.3168/jds.S0022-0302(02)74367-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12487447&dopt=Abstract
https://doi.org/10.1017/S0263967X00033619
https://doi.org/10.1017/S0263967X00033607
https://doi.org/10.3168/jds.S0022-0302(06)72430-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16960063&dopt=Abstract
https://doi.org/10.1016/j.theriogenology.2016.04.037
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27238438&dopt=Abstract
https://doi.org/10.1093/biolreprod/85.s1.685


<<

  /ASCII85EncodePages false

  /AllowPSXObjects false

  /AllowTransparency false

  /AlwaysEmbed [

    true

  ]

  /AntiAliasColorImages false

  /AntiAliasGrayImages false

  /AntiAliasMonoImages false

  /AutoFilterColorImages true

  /AutoFilterGrayImages true

  /AutoPositionEPSFiles true

  /AutoRotatePages /All

  /Binding /Left

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

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CheckCompliance [

    /None

  ]

  /ColorACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorConversionStrategy /UseDeviceIndependentColor

  /ColorImageAutoFilterStrategy /JPEG

  /ColorImageDepth -1

  /ColorImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorImageDownsampleThreshold 1.50000

  /ColorImageDownsampleType /Bicubic

  /ColorImageFilter /DCTEncode

  /ColorImageMinDownsampleDepth 1

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /ColorImageResolution 355

  /ColorSettingsFile ()

  /CompatibilityLevel 1.7

  /CompressObjects /Off

  /CompressPages false

  /ConvertImagesToIndexed true

  /CreateJDFFile false

  /CreateJobTicket false

  /CropColorImages false

  /CropGrayImages false

  /CropMonoImages false

  /DSCReportingLevel 0

  /DefaultRenderingIntent /Default

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

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

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV <>

    /HUN <>

    /ITA <>

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

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

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

  >>

  /DetectBlends true

  /DetectCurves 0

  /DoThumbnails false

  /DownsampleColorImages true

  /DownsampleGrayImages true

  /DownsampleMonoImages true

  /EmbedAllFonts true

  /EmbedJobOptions true

  /EmbedOpenType false

  /EmitDSCWarnings false

  /EncodeColorImages true

  /EncodeGrayImages true

  /EncodeMonoImages true

  /EndPage -1

  /GrayACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageAutoFilterStrategy /JPEG

  /GrayImageDepth -1

  /GrayImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageDownsampleThreshold 1.50000

  /GrayImageDownsampleType /Bicubic

  /GrayImageFilter /DCTEncode

  /GrayImageMinDownsampleDepth 2

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /GrayImageResolution 355

  /ImageMemory 1048576

  /JPEG2000ColorACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000ColorImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /LockDistillerParams false

  /MaxSubsetPct 100

  /MonoImageDepth -1

  /MonoImageDict <<

    /K -1

  >>

  /MonoImageDownsampleThreshold 1.50000

  /MonoImageDownsampleType /Bicubic

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /MonoImageResolution 2400

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /NeverEmbed [

    true

  ]

  /OPM 1

  /Optimize true

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

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

      /DestinationProfileSelector /UseName

      /Downsample16BitImages true

      /FlattenerPreset <<

        /ClipComplexRegions true

        /ConvertStrokesToOutlines false

        /ConvertTextToOutlines false

        /GradientResolution 300

        /LineArtTextResolution 1200

        /PresetName ([High Resolution])

        /PresetSelector /HighResolution

        /RasterVectorBalance 1

      >>

      /FormElements false

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks true

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.25000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /UseName

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /UseDocumentProfile

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXBleedBoxToTrimBoxOffset [

    0

    0

    0

    0

  ]

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXOutputCondition ()

  /PDFXOutputConditionIdentifier (CGATS TR 001)

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

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

  /PDFXSetBleedBoxToMediaBox true

  /PDFXTrapped /False

  /PDFXTrimBoxToMediaBoxOffset [

    0

    0

    0

    0

  ]

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /ParseICCProfilesInComments true

  /PassThroughJPEGImages true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /sRGBProfile (sRGB IEC61966-2.1)

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



