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Abstract 
 
One critical determinant of fertility is the establishment and maintenance of pregnancy after 

insemination or embryo transfer. Pregnancy success is low in lactating dairy cows. Reduced fertility of the dairy 
female is only expressed in the lactational state but the magnitude of depression of fertility is not related to milk 
yield. Pregnancy failure occurs throughout gestation with the greatest frequency of pregnancy losses being in the 
period from fertilization to day 5-7 after insemination. Poor fertility in lactating cows represents, in part, failure 
of genetic selection for reproductive traits. In addition, the uterus of the lactating cow is less able to support 
embryonic and fetal development than the uterus of the non-lactating female. There is little evidence that the 
oocyte is compromised in lactating cows. Among the determinants of pregnancy success in lactating cows is 
progesterone secretion in the post-ovulatory period, environment of the ovulatory follicle during its terminal 
growth, energy balance, and amounts of specific nutrients in the diet. Progress in improving reproductive 
function of the lactating cow is being made and the historical decline in reproductive function is beginning to be 
reversed. 
 
Keywords: Dairy cattle, fertility, lactation, genetic selection, uterus, oocyte. 
 

Resumo 
 

Um determinante crítico da fertilidade é o estabelecimento e manutenção da gestação após 
inseminação ou transferência de embrião. O sucesso na gestação é baixo em animais lactantes. A fertilidade 
reduzida da vaca leiteira é expressa apenas no estádio de lactação, mas a magnitude da diminuição da 
fertilidade não está relacionada à produção de leite. A falha na gestação ocorre ao longo da gestação com a 
maior frequência de perda de gestação no período entre a fertilização e o dia 5-7 após inseminação. Fertilidade 
pobre em vacas lactantes representa, em parte, a falha da seleção genética para traços de reprodução. Além 
disto, o útero da vaca lactante é menos capaz de suportar desenvolvimento do embrião e do feto que o útero de 
uma fêmea não lactante. Há pouca evidência de que o oócito seja comprometido em vacas lactantes. Entre os 
determinantes de sucesso na gestação de vacas lactantes está o crescimento, equilíbrio energético e quantidade 
de ingredientes específicos na dieta. O progresso na melhoria da função reprodutiva da vaca lactante está sendo 
feito, e o declínio histórico na função reprodutória está começando a ser revertido. 
 
Palavras-chave: Gado leiteiro, fertilidade, lactação, seleção genética, útero, oócito. 
 

Introduction 
 

Fertility of lactating dairy cattle has declined throughout much of the world in the last fifty years or so 
(Fig. 1). Although accompanied by large increases in milk yield, the reduction in fertility has not been due 
simply to higher milk production. Indeed, estimates of the relationship between milk yield and fertility vary from 
negative to positive (Eicker et al., 1996; Loeffler et al., 1999; García-Ispierto et al., 2007; Caraviello et al., 2006; 
López-Gatius et al., 2006; Demetrio et al., 2007). Similarly, there was no effect of milk yield on oocyte quality 
as assessed by in vitro fertilization (Snijders et al., 2000; Roth et al., 2008). Nonetheless, poor fertility in dairy 
cattle is dependent upon the lactating state. While non-biased comparisons are difficult to make, fertility appears 
not to be greatly different between nonlactating dairy and beef females. Thus, for example, pregnancy rates to 
fixed-time artificial insemination (AI) after the 5-day controlled internal drug releasing device (CIDR) 
synchronization program ranged from 46-59% in dairy heifers (Rabaglino et al., 2010a, b) and 54-84% in beef 
heifers (Peterson et al., 2011).  

As shown in Fig. 1, the decrease in fertility occurring since the 1960s has been stemmed since 2000 and, 
in some breeds including the Holstein, the trend has been reversed slightly. Recent improvements in fertility can 
be ascribed to intensive efforts in development of new technologies to improve fertility, particularly timed 
artificial insemination, and increased emphasis on genetic selection for reproduction and health traits (note the 
increase in sire breeding value for daughter pregnancy rate in Fig. 2).  
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Figure 1. Historical changes in phenotypic measurements of daughter pregnancy rate in United States dairy 
breeds from 1957-2005. Data were obtained from United States Dept. of Agriculture Animal Improvement 
Program Laboratory (http://aipl.arsusda.gov/eval/summary/trend.cfm). 
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Figure 2. Historical changes in estimated breeding value for daughter pregnancy rate in United States Holsteins 
from 1957-2008. Data were obtained from United States Dept. of Agriculture Animal Improvement Program 
Laboratory (http://aipl.arsusda.gov/eval/summary/trend.cfm). 

 
Further improvements will be aided by a better understanding of the physiology of the lactating dairy 

cow. Many excellent reviews have been written about reproductive biology and management of the dairy cow 
(see for example, Lucy, 2007; Leroy et al., 2008a, b; Robinson et al., 2008;; Santos et al., 2008; Binelli et al., 
2009; Sartori et al., 2010; Walsh et al., 2011) and no attempt will be made to recapitulate all the conclusions 
made in those papers. Poor fertility in dairy cattle involves anovulation, inadequate expression of estrus, 
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irregular estrous cyclicity and a low probability of pregnancy success after insemination (Lucy, 2007). The 
approach in this paper will be to examine one crucial aspect of fertility – the establishment and maintenance of 
pregnancy - and address the question of when and how the events leading to a successful pregnancy after 
insemination are disrupted. Particular emphasis will be placed on events occurring from the time of ovulation to 
the beginning of the fetal period (day 42).  
 

When does pregnancy fail? 
 
Pregnancy failure occurs throughout gestation with the greatest losses occurring early in pregnancy. A 

graph illustrating the timing of pregnancy failure in the lactating dairy cow is depicted in Fig. 3. The values at 
different stages of pregnancy, which are approximations only and vary depending on environmental and genetic 
factors, are based on reports in the literature.  
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Figure 3. Conceptual representation of pregnancy failure as a function of stage of pregnancy in lactating cattle 
not subject to heat stress. Note D = day.  

 
The first loss of potential pregnancies results from an insemination that is not accompanied by 

fertilization of the newly ovulated oocyte. Sartori et al. (2010) used data from papers based on 732 cows to 
estimate that 83% of oocytes are fertilized in lactating dairy cows after insemination. Fertilization rate appears 
similar for lactating and non-lactating females (Sartori et al., 2002; Santos et al., 2004).  

Using data from papers representing 413 single-ovulating lactating cows, Sartori et al. (2010) estimated 
that 37% of embryos become non-viable by day 5-7 after insemination. Pregnancy failure during this time is 
greater for lactating cows than for non-lactating females (Sartori et al., 2002; Rizos et al., 2010).  

If we assume, as did Santos et al. (2004), that pregnancy rates at day 28-32 range from 35-45% (average 
40%), then an average of about 23% of viable embryos at day 5-7 are lost by day 28-32. One key event during 
this period is the rescue of the corpus luteum by embryonic secretion of interferon- (IFNT2). There has been 
much interest in improving pregnancy rate in cattle by facilitating embryonic rescue of the corpus luteum 
(Robinson et al., 2008; Santos et al., 2008). There are not, however, good estimates of how many pregnancies 
fail because of inadequate IFNT2 signaling by the embryo. In a study with 78 lactating cows, 25% of cows 
diagnosed pregnant at Day 18 of gestation based on measurements of expression of interferon-stimulated gene 
15 (ISG15) in blood cells were not pregnant when diagnosed by ultrasound on Day 32 (Han et al., 2006). 
Assuming ISG15 is 100% accurate for pregnancy (a fact not established), it would appear that most of the 
pregnancy loss from Day 5-7 to Day 28-32 could be accounted by losses after the conceptus had produced 
sufficient IFNT2 to cause upregulation of peripheral blood cell expression of ISG15. Additional studies with 
ISG15 or other gene products induced by IFNT2 are needed to confirm this conclusion. However, a very high 
percentage (71-73%) of inseminated lactating cows have elevated progesterone concentrations in the peripheral 
blood at Day 21 (Chebel et al., 2003; Han et al., 2006) and this observation would also suggest that many 
embryos that subsequently die are nonetheless capable of extending lifespan of the corpus luteum. 
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Based on literature representing data from 4870 cows (Santos et al., 2004), pregnancy losses from day 
27-31 to day 38-50 of gestation are about 13%. Pregnancy losses after day 40-50 have been estimated using data 
from 950 cows as 6.3% to Day 70-80 of gestation and 3.7% thereafter until term (Jousan et al., 2005). Pregnancy 
failure after day 40-50 of pregnancy is greater for lactating cows than for non-lactating females (Santos et al., 
2004; Jousan et al., 2005).  

Some late embryonic and fetal loss is likely the result of events occurring much earlier in gestation. For 
example, treatment of embryos with colony stimulating factor-2 from Day 5-7 reduced the percent of 
pregnancies diagnosed at Day 30-35 that were lost before term (Loureiro et al., 2009). Similarly, diet affected 
pregnancy loss between Day 32 and 60 of pregnancy (Silvestre et al., 2011). 
 

Why does pregnancy fail – Inherent defects in the embryo or inadequate maternal environment? 
 
To some degree, the embryo’s fate is already determined at the moment of conception by virtue of its 

inheritance of genes that control development as well as non-genetic contributions from the oocyte and sperm. 
Thereafter, the extent to which the conceptus can execute its developmental program is determined by the 
environment of the oviduct and uterus in which the embryo resides, and the systemic maternal physiology which 
regulates reproductive tract function. There is evidence that embryonic and fetal mortality in the dairy cow is due 
to inherent defects in the embryo as well as alterations in maternal tract environment.  
 
Genetic inheritance 
 

Despite the low heritabilities of most reproductive traits, reproductive function is under genetic control. 
The historical decline in fertility in dairy cattle has been accompanied by a reduction in sire and dam breeding 
values for daughter pregnancy rate (Fig. 2). In addition, improvements in fertility are possible by selection for 
quantitative trait loci associated with fertility (Coyral-Castel et al., 2010).  

Specific genes that affect embryonic survival are now being identified. Among the genes in which 
allelic variants affecting development of embryos in vitro are STAT5A, FGF2, GHR, PGR, PRLR, and 
SERPINA14 (Khatib et al., 2008a, b, 2009; Driver et al., 2009). There is a report that alleles for FGF2 and 
STAT5A are also associated with bull fertility (Khatib et al., 2010) but Oikonomou et al. (2011) failed to find an 
effect of allelic variation in FGF2 or STAT5A on female fertility in vivo.  

It is possible that selection for milk yield has resulted in inadvertent selection for alleles that also 
compromise reproductive function although the genetic relationships between production and reproductive traits 
have not been characterized well. Pimentel et al. (2010) found 16 single nucleotide polymorphisms (SNPs) that 
were related to both production and fertility traits. In 10 cases, relationships were antagonistic. Nonetheless, 
SNPs were found in which there were positive effects on production and fertility and so selection for fertility 
without compromising milk yield is theoretically possible.  
 
Oocyte quality 
 

Evidence from experiments where oocytes were collected from lactating cows or nulliparous heifers and 
then either chemically activated or fertilized does not support the idea that lactation is associated with reduced 
competence of the oocyte to be fertilized or to become an embryo capable of developing to the blastocyst stage. 
Thus, Rizos et al. (2005) found no difference between oocytes from nulliparous heifers vs early postpartum cows 
in fertilization or blastocyst production rates when used in an in vitro fertilization system and Roth et al. (2008) 
found no difference between nulliparous heifers vs lactating cows in oocyte morphology or development in vitro 
after chemical activation. Caution must be taken when interpreting results from these papers, which involved 
examination of oocytes from a limited numbers of animals and follicles at various stages of growth. It is possible 
that the oocyte from the preovulatory follicle is compromised by lactation even though most oocytes are not. 
Indeed, effects of protein content of the diet on oocyte competence in heifers depended on the type of follicle 
from which the oocyte was derived (Sinclair et al., 2000) and other environmental effects on oocyte quality may 
depend on the physiological status of the follicle.  
 
Damage to sperm as a cause of infertility 
 

The fact that fertilization rates in lactating cows appear similar to that of heifers (Sartori et al., 2010) 
would argue that sperm are not being preferentially damaged in the reproductive tract of the lactating cow. 
However, sperm damage can affect not only fertilization rate but competence of the resulting embryo to develop 
to the blastocyst stage (Brocas et al., 1997; Silva et al., 2007; Hendricks and Hansen, 2010). Sperm survival in 
vivo depends upon interactions with the oviductal epithelium (Pollard et al., 1991) and, as shown in the sheep 
(Hawk, 1983), is under endocrine control. Accordingly, the effect of lactation on changes in the sperm before 
fertilization warrant additional investigation.  
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Alterations in maternal function 
 

There are two lines of evidence that the oviductal or uterine environment is degraded during lactation. 
The first are the results of experiments in which embryos were transferred at ~ day 7 after estrus to lactating 
cows, heifers or dry cows. Except for one study (Putney et al., 1988), pregnancy rates were lower when 
recipients were lactating (Hasler, 2001; Chagas e Silva et al., 2002; Wilson et al., 2006). The reproductive tract 
appears to be suboptimal as early as the period from Day 2-7 after estrus. Rizos et al. (2010) transferred groups 
of embryos into the oviduct at day 2 and found that lactating cows experienced lower embryo recovery at Day 7 
and a lower proportion of recovered embryos that developed to the blastocyst stage than for heifers.  
 

Some physiological determinants of fertility 
 
Progesterone concentrations  
 

Circulating concentrations of progesterone are higher in nulliparous heifers as compared to lactating 
cows (Sartori et al., 2004; Wolfenson et al., 2004; Rizos et al., 2010). In part, this physiological difference 
reflects increased post-prandial metabolism of progesterone by the liver (Sangsritavong et al., 2002; Vasconcelos 
et al., 2003). The corpus luteum is also different at the molecular level between lactating cows and nulliparous 
heifers (Pretheeban et al., 2010). 

The reduction in circulating progesterone concentrations is likely to be one cause of reduced fertility in 
lactating dairy cows. Cows with higher progesterone concentrations after insemination have been reported to be 
more fertile (Butler et al., 1996; Stronge et al., 2005; Demetrio et al., 2007) and cows with a double ovulation 
had higher progesterone concentrations and tended to be more fertile even when used as embryo transfer 
recipients (Sartori et al., 2006).  

Effects of progesterone are probably mediated directly on the reproductive tract even though the 
embryo expresses progesterone receptors throughout early development to the blastocyst stage (Clemente et al., 
2009). Treatment of in vitro produced embryos with progesterone in vitro did not affect development or gene 
expression in vitro or development after transfer to recipients (Clemente et al., 2009; Larson et al., 2011). 
However, treatment of recipients with progesterone beginning at Day 2 altered gene expression in embryos 
recovered at Day 7 of pregnancy (Carter et al., 2010). Progesterone treatment can also cause extensive changes 
in the transcriptome of the endometrium (Forde et al., 2009, 2011). 

Hastening the post-ovulatory rise of progesterone can enhance conceptus elongation at day 13-16 of 
pregnancy (Garrett et al., 1988; Carter et al., 2008). This action of progesterone is probably exerted at the level 
of the uterus because embryos transferred into uteri of recipients treated with a progesterone intravaginal 
releasing device beginning on day 3 of pregnancy had elongated to a greater extent at day 14 as compared to 
embryos for control cows (Clemente et al., 2009).  

Despite the relationship between progesterone concentrations and pregnancy success, efforts to improve 
fertility in cattle by modifying progesterone concentrations after ovulation have met with mixed success. 
Treatment with CIDRs have generally not caused an improvement in fertility (Mann et al., 2001; Rhodes et al., 
2001; Sterry et al., 2006; Arndt et al., 2009), perhaps because treatment was initiated too late after ovulation 
(Day 5-10) or because the increase in circulating progesterone concentrations caused by CIDRs is too low to 
improve fertility. An alternative way to increase progesterone secretion is through administration of human 
chorionic gonadotropin (hCG) at days 5-7 after insemination. Injection of 3000-3300 IU hCG at Day 5 increases 
circulating progesterone concentrations by increasing the size of the preexisting corpus luteum and causing 
formation of an accessory CL (Santos et al., 2001). As summarized in Table 1, administration of hCG at day 5-7 
after to lactating cows either caused a significant increase in pregnancy rate per insemination (Santos et al., 
2001; Shabenkareh et al., 2010), a numerically-higher pregnancy rate that was not statistically significant 
[Schmitt et al., 1996 (autumn); Vasconcelos et al., 2011] or no beneficial effect [Schmitt et al., 1996 (summer); 
Hanlon et al., 2005; Shams-Esfandabadi et al., 2007].  
 
Follicular origin 
 

Prolonged dominance of the follicle can compromise fertility. Thus, pregnancy rate per AI was higher 
in cows with three wave follicles (Townson et al., 2002). In addition, reducing the period of dominance in a 
timed AI program from 10 to 8 days by reducing the interval between first GnRH injection to prostaglandin 
injection from 7 to 5 days improved pregnancy rate per AI.  

Ovulation of the second-wave dominant follicle resulted in a higher pregnancy rate in a timed AI 
program than ovulation of the first-wave dominant follicle (Bisinotto et al., 2010). Similarly, embryo quality 
following superovulation initiated during the second follicular wave was higher than for females subjected to 
superovulation during the first follicular wave (Rivera et al., 2011). For both AI and superovulation, differences 
in pregnancy success are due to differences in progesterone concentrations during follicular growth since 
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supplementation of cows with progesterone during the first follicular wave tended to improve pregnancy rate per 
insemination (Denicol et al., 2009) and improved embryo quality (Rivera et al., 2011). 

 
Table 1. Effectiveness of administration of human chorionic gonadotropin at Day 5 after breeding on pregnancy 
rate in lactating dairy cows. 

  Pregnancy rate per inseminationa    
Day of 
hCG 
treatment 
after AI 

Time of pregnancy 
diagnosis (days after 
insemination) 

 
 
Control 

 
 
hCG 

 
 
P 

 
 
Notes 

 
 
Reference 

5-6 45-60 13% (5/39) 9% (4/43) N.S.b Florida, summer Schmitt et al., 1996 
5-6 45-60 30% (19/63) 36% (20/56) N.S. Florida, autumn  Schmitt et al., 1996 
5 90 32% (65/203) 38% (78/203) 0.008 California Santos et al., 2001 
5 Six weeks after end 

of AI breeding season 
46% (82/177) 44% (78/179) N.S. New Zealand, 

grazing dairy 
Hanlon et al., 2005 

5 45-50 35% (31/88) 27% (19/70)  Pakistan Shams-Esfandabadi 
et al., 2007 

5 40-45 30% (142/329) 43% (102/228) 0.001 Iran Shabenkareh et al., 2010 
7 60 26% (40/126) 30% (45/151) N.S. Brazil Vasconcelos et al., 2011 

aData are percent pregnant and, in parentheses, the number of cows pregnant/total number of cows. 
bN.S. = mon-significant. 

 
The mechanism by which the presence of progesterone during follicular growth improves fertility is not 

known. One possibility is that progesterone alters folliculogenesis. Ovulatory follicles were smaller for follicles 
ovulated during the second follicular wave as compared to those ovulated during the first follicular wave 
(Bisinotto et al., 2010). There is also evidence that luteolysis in the postovulatory period is affected by 
progesterone concentrations during growth of the ovulatory follicle. Ovulation of a follicle that grew in the 
presence of high concentrations of progesterone was associated with reduced prostaglandin F2 release from 
endometrium (Shaham-Albalancy et al., 2001) and increased incidence of premature luteolysis (Bisinnoto et al., 
2010). Differences in fertility are unlikely to represent differences in post-ovulatory progesterone concentrations 
(Wolfenson et al., 1999).  
 
Diet 
 

Pregnancy rate per AI can be compromised by negative energy balance: the probability for first service 
conception increased as the average energy balance in the first 28 days after calving increased (Patton et al., 
2007). Energy status may affect fertility by altering oocyte function because fertilization rate of oocytes in vitro 
was reduced in cows with low body condition (Snijders et al., 2000).  

Recently, it has been proposed that manipulation of the fatty acid composition of the diet can affect 
pregnancy success after insemination. The idea is to feed diets high in n-6 fatty acids during late gestation and 
early lactation, to increase uterine prostaglandin production and inflammatory responses and facilitate removal 
of microorganisms in the reproductive tract, and then change the diet to one enriched in n-3 fatty acids, to 
suppress uterine prostaglandin synthesis at a time when the embryo must prevent luteolysis (Santos et al., 2008). 
Such an approach has sometimes yielded promising outcomes. In the best test of this hypothesis, cows were fed 
one of two diets from ~14 days before calving until Day 30 after calving (Silvestre et al., 2011). Diets included 
calcium salts of either palm oil (low in n-6 and n-3 fatty acids) or safflower oil (high in n-6 fatty acids). 
Beginning at Day 30, diets were switched to contain calcium salts of either palm oil or fish oil (high in n-3 fatty 
acids). There was no effect of diet on first service pregnancy rate at 84 days postpartum but diet did affect 
pregnancy rate for second service. The highest pregnancy rate (41.3%) was for cows receiving an n-6 enriched 
diet early postpartum (safflower oil) and n-6 enriched diet (fish oil). Values were intermediate for cows receiving 
palm oil/fish oil (27.3%) and lower for cows receiving either safflower oil/palm oil (22.5%) or palm oil/palm oil 
(21.3%). The reason why treatment affected second service fertility while not affecting first service fertility is 
not known but could be related to duration of feeding.  
 

Synopsis 
 

Inadequate fertility remains a limitation to achieving optimal efficiency of milk production in many 
dairy herds throughout the world. Nonetheless, progress in improving reproductive function of the lactating cow 
is being made and the historical decline in reproductive function is beginning to be reversed (Fig. 1 and 2). 
Indeed, first service pregnancy rates per AI in lactating cows can be 40% or more when optimized ovulation 
synchronization protocols are implemented (Bisinotto et al., 2010; Thompson et al., 2010). Additional 
improvements in dairy cattle reproduction will be achieved as new knowledge about the reproductive biology of 
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the cow is used to develop improved reproductive management schemes that manipulate genetics, physiology 
and nutrition of the cow to improve fertility.  
 

References 
 
Arndt WJ, Holle AJ, Bauer ML, Kirsch JD, Schimek DE, Odde KG, Vonnahme KA. Effect of post-insemination 
progesterone supplementation on pregnancy rate in dairy cows. Can J Vet Res, v.73, p.271-274, 2009.  
Binelli M, Machado R, Bergamaschi MACM, Bertran CM. Manipulation of ovarian and uterine function to 
increase conception rates in cattle. Anim Reprod, v.6, p.125-134, 2009. 
Bisinotto RS, Chebel RC, Santos JE. Follicular wave of the ovulatory follicle and not cyclic status influences 
fertility of dairy cows. J Dairy Sci, v.93, p.3578-3587, 2010. 
Brocas C, Rivera RM, Paula-Lopes FF, McDowell LR, Calhoun MC, Staples CR, Wilkinson NS, Boning 
AJ, Chenoweth PJ, Hansen PJ. Deleterious actions of gossypol on bovine spermatozoa, oocytes, and embryos. 
Biol Reprod, v.57, p.901-907, 1997. 
Butler WR, Calaman JJ, Beam SW. Plasma and milk urea nitrogen in relation to pregnancy rate in lactating 
dairy cattle. J Anim Sci, v.74, p.858-865, 1996. 
Caraviello DZ, Weigel KA, Craven M, Gianola D, Cook NB, Nordlund KV, Fricke PM, Wiltbank MC. 
Analysis of reproductive performance of lactating cows on large dairy farms using machine learning algorithms. 
J Dairy Sci, v.89, p.4703-4722, 2006. 
Carter F, Forde N, Duffy P, Wade M, Fair T, Crowe MA, Evans AC, Kenny DA, Roche JF, Lonergan P. 
Effect of increasing progesterone concentration from Day 3 of pregnancy on subsequent embryo survival and 
development in beef heifers. Reprod Fertil Dev, v.20, p.368-375, 2008. 
Carter F, Rings F, Mamo S, Holker M, Kuzmany A, Besenfelder U, Havlicek V, Mehta JP, Tesfaye D, 
Schellander K, Lonergan P. Effect of elevated circulating progesterone concentration on bovine blastocyst 
development and global transcriptome following endoscopic transfer of in vitro produced embryos to the bovine 
oviduct. Biol Reprod, v.83, p.707-719, 2010. 
Chagas e Silva J, Lopes da Costa L, Robalo Silva J. Plasma progesterone profiles and factors affecting 
embryo-fetal mortality following embryo transfer in dairy cattle. Theriogenology, v.58, p.51-59, 2002. 
Chebel RC, Santos JE, Cerri RL, Galvão KN, Juchem SO, Thatcher WW. Effect of resynchronization with 
GnRH on day 21 after artificial insemination on pregnancy rate and pregnancy loss in lactating dairy cows. 
Theriogenology, v.60, p.1389-1399, 2003. 
Clemente M, de La Fuente J, Fair T, Al Naib A, Gutierrez-Adan A, Roche JF, Rizos D, Lonergan P. 
Progesterone and conceptus elongation in cattle: a direct effect on the embryo or an indirect effect via the 
endometrium? Reproduction, v.138, p.507-517, 2009. 
Coyral-Castel S, Ramé C, Monniaux D, Fréret S, Fabre-Nys C, Fritz S, Monget P, Dupont F, Dupont J. 
Ovarian parameters and fertility of dairy cows selected for one QTL located on BTA3. Theriogenology, 2010. 
doi:10.1016/j.theriogenology.2010.11.037.  
Demetrio DG, Santos RM, Demetrio CG, Vasconcelos JL. Factors affecting conception rates following 
artificial insemination or embryo transfer in lactating Holstein cows. J Dairy Sci, v.90, p.5073-5082, 2007. 
Denicol AC, Lopes G Jr, Mendonça LGD, Rivera FA, Guagnini F, Perez RV, Lima JR, Bruno RGS, 
Santos JEP, Chebel RC. Low progesterone concentration during the development of the first follicular wave 
impairs fertility of lactating dairy cows. J Dairy Sci, 92, e-suppl. 1, p.138, 2009. Abstract. 
Driver AM, Huang W, Gajic S, Monson RL, Rosa GJ, Khatib H. Short communication: effects of the 
progesterone receptor variants on fertility traits in cattle. J Dairy Sci, v.92, p.4082-4085, 2009. 
Eicker SW, Grohn YT, Hertl JA. The association between cumulative milk yield, days open, and days to first 
breeding in New York Holstein cows. J Dairy Sci, v.79, p.235-241, 1996. 
Forde N, Beltman ME, Duffy GB, Duffy P, Mehta JP, O'Gaora P, Roche JF, Lonergan P, Crowe MA. 
Changes in the endometrial transcriptome during the bovine estrous cycle: effect of low circulating progesterone 
and consequences for conceptus elongation. Biol Reprod, v.84, p.266-278, 2011. 
Forde N, Carter F, Fair T, Crowe MA, Evans AC, Spencer TE, Bazer FW, McBride R, Boland MP, 
O'Gaora P, Lonergan P, Roche JF. Progesterone-regulated changes in endometrial gene expression contribute 
to advanced conceptus development in cattle. Biol Reprod, v.81, p.784-794, 2009. 
García-Ispierto I, López-Gatius F, Santolaria P, Yániz JL, Nogareda C, López-Béjar M. Factors affecting 
the fertility of high producing dairy herds in northeastern Spain. Theriogenology, v.67, p.632-638, 2007. 
Garrett JE, Geisert RD, Zavy MT, Morgan GL. Evidence for maternal regulation of early conceptus growth 
and development in beef cattle. J Reprod Fertil, v.84, p.437-446, 1988. 
Han H, Austin KJ, Rempel LA, Hansen TR. Low blood ISG15 mRNA and progesterone levels are predictive 
of non-pregnant dairy cows. J Endocrinol, v.191, p.505-512, 2006. 
Hanlon DW, Jarratt GM, Davidson PJ, Millar AJ, Douglas VL. The effect of hCG administration five days 
after insemination on the first service conception rate of anestrous dairy cows. Theriogenology, v.63, p.1938-
1945, 2005. 



 Hansen .Challenges to fertility in dairy cattle: from ovulation to the fetal stage of pregnancy. 
 

Rev. Bras. Reprod. Anim., Belo Horizonte, v.35, n.2, p.229-238, abr./jun. 2011. Disponível em www.cbra.org.br 236

Hasler JF. Factors affecting frozen and fresh embryo transfer pregnancy rates in cattle. Theriogenology, v.56, 
p.1401-1415, 2001. 
Hawk HW. Sperm survival and transport in the female reproductive tract. J Dairy Sci, v.66, p.2645-2660, 1983. 
Hendricks KEM, Hansen PJ. Consequences for the bovine preimplantation embryo of being derived from a 
spermatozoon subjected to oxidative stress after ejaculation. Aust Vet J, v.88, p.307-310, 2010. 
Jousan FD, Drost M, Hansen PJ. Factors associated with early and mid-to-late fetal loss in lactating and 
nonlactating Holstein cattle in a hot climate. J Anim Sci, v.83, p.1017-1022, 2005. 
Khatib H, Huang W, Wang X, Tran AH, Bindrim AB, Schutzkus V, Monson RL, Yandell BS. Single gene and 
gene interaction effects on fertilization and embryonic survival rates in cattle. J Dairy Sci, v.92, p.2238-2247, 2009. 
Khatib H, Maltecca C, Monson RL, Schutzkus V, Wang X, Rutledge JJ. The fibroblast growth factor 2 gene 
is associated with embryonic mortality in cattle. J Anim Sci, v.86, p.2063-2067, 2008a. 
Khatib H, Monson RL, Huang W, Khatib R, Schutzkus V, Khateeb H, Parrish JJ. Short communication: 
Validation of in vitro fertility genes in a Holstein bull population. J Dairy Sci, v.93, p.2244-2249, 2010. 
Khatib H, Monson RL, Schutzkus V, Kohl DM, Rosa GJ, Rutledge JJ. Mutations in the STAT5A gene are 
associated with embryonic survival and milk composition in cattle. J Dairy Sci, v.91, p.784-793, 2008b. 
Larson JE, Krisher RL, Lamb GC. Effects of supplemental progesterone on the development, metabolism and 
blastocyst cell number of bovine embryos produced in vitro. Reprod Fertil Dev, v.23, p.311-318, 2011. 
Leroy JL, Opsomer G, Van Soom A, Goovaerts IG, Bols PE. Reduced fertility in high-yielding dairy cows: 
are the oocyte and embryo in danger? Part I. The importance of negative energy balance and altered corpus 
luteum function to the reduction of oocyte and embryo quality in high-yielding dairy cows. Reprod Domest Anim, 
v.43, p.612-622, 2008a. 
Leroy JL, Van Soom A, Opsomer G, Goovaerts IG, Bols PE. Reduced fertility in high-yielding dairy cows: 
are the oocyte and embryo in danger? Part II. Mechanisms linking nutrition and reduced oocyte and embryo 
quality in high-yielding dairy cows. Reprod Domest Anim, v.43, p.623-632, 2008b. 
Loeffler SH, de Vries MJ, Schukken YH. The effects of time of disease occurrence, milk yield, and body 
condition on fertility of dairy cows. J Dairy Sci, v.82, p.2589-2604, 1999. 
López-Gatius F, García-Ispierto I, Santolaria P, Yániz J, Nogareda C, López-Béjar M. Screening for high 
fertility in high-producing dairy cows. Theriogenology, 65, p.1678-1689, 2006. 
Loureiro B, Bonilla L, Block J, Fear JM, Bonilla AQS, Hansen PJ. Colony stimulating factor 2 improves 
development and post-transfer survival of bovine embryos produced in vitro. Endocrinology, v.150, p.5046-5050, 2009. 
Lucy MC. Fertility in high-producing dairy cows: reasons for decline and corrective strategies for sustainable 
improvement. Soc Reprod Fertil Suppl, n.64, p.237-254, 2007. 
Mann GE, Merson P, Fray MD, Lamming GE. Conception rate following progesterone supplementation after 
second insemination in dairy cows. Vet J, v.162, p.161-162, 2001. 
Oikonomou G, Michailidis G, Kougioumtzis A, Avdi M, Banos G. Effect of polymorphisms at the STAT5A 
and FGF2 gene loci on reproduction, milk yield and lameness of Holstein cows. Res Vet Sci, 2011. 
doi:10.1016/j.rvsc.2011.01.009. 
Patton J, Kenny DA, McNamara S, Mee JF, O'Mara FP, Diskin MG, Murphy JJ. Relationships among 
milk production, energy balance, plasma analytes, and reproduction in Holstein-Friesian cows. J Dairy Sci, v.90, 
p.649-658, 2007. 
Peterson C, Alkar A, Smith S, Kerr S, Hall JB, Moore D, Kasimanickam R. Effects of one versus two doses 
of prostaglandin F2alpha on AI pregnancy rates in a 5-day, progesterone-based, CO-Synch protocol in crossbred 
beef heifers. Theriogenology, 2011. doi:10.1016/j.theriogenology.2010.12.017. 
Pimentel EC, Bauersachs S, Tietze M, Simianer H, Tetens J, Thaller G, Reinhardt F, Wolf E, König S. 
Exploration of relationships between production and fertility traits in dairy cattle via association studies of SNPs 
within candidate genes derived by expression profiling. Anim Genet, 2010. doi: 10.1111/j.1365-
2052.2010.02148.x. 
Pollard JW, Plante C, King WA, Hansen PJ, Betteridge KJ, Suarez SS. Fertilizing capacity of bovine sperm 
may be maintained by binding of oviductal epithelial cells. Biol Reprod, v.44, p.102-207, 1991. 
Pretheeban T, Balendran A, Gordon MB, Rajamahendran R. mRNA of luteal genes associated with 
progesterone synthesis, maintenance, and apoptosis in dairy heifers and lactating dairy cows. Anim Reprod Sci, 
v.121, p.218-224, 2010. 
Putney DJ, Thatcher WW, Drost M, Wright JM, DeLorenzo MA. Influence of environmental temperature on 
reproductive performance of bovine embryo donors and recipients in the southwest region of the United States. 
Theriogenology, v.30, p.905-922, 1988. 
Rabaglino MB, Risco CA, Thatcher MJ, Kim IH, Santos JE, Thatcher WW. Application of one injection of 
prostaglandin F2 in the five-day Co-Synch+CIDR protocol for estrous synchronization and resynchronization of 
dairy heifers. J Dairy Sci, v.93, p.1050-1058, 2010a. 
Rabaglino MB, Risco CA, Thatcher MJ, Lima F, Santos JE, Thatcher WW. Use of a five-day progesterone-
based timed AI protocol to determine if flunixin meglumine improves pregnancy per timed AI in dairy heifers. 
Theriogenology, v.73, p.1311-1318, 2010b. 



 Hansen .Challenges to fertility in dairy cattle: from ovulation to the fetal stage of pregnancy. 
 

Rev. Bras. Reprod. Anim., Belo Horizonte, v.35, n.2, p.229-238, abr./jun. 2011. Disponível em www.cbra.org.br 237

Rhodes FM, McDougall S, Morgan SR, Verkerk GA. Supplementing treated anoestrous dairy cows with 
progesterone does not increase conception rates. NZ Vet J, v.49, p.8-12, 2001. 
Rivera FA, Mendonça LG, Lopes G Jr, Santos JE, 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, v.141, p.333-342, 2011. 
Rizos D, Burke L, Duffy P, Wade M, Mee JF, O'Farrell KJ, Macsiurtain M, Boland MP, Lonergan P. 
Comparisons between nulliparous heifers and cows as oocyte donors for embryo production in vitro. 
Theriogenology, v.63, p.939-949, 2005. 
Rizos D, Carter F, Besenfelder U, Havlicek V, Lonergan P. Contribution of the female reproductive tract to 
low fertility in postpartum lactating dairy cows. J Dairy Sci, 93, p.1022-1099, 2010. 
Robinson RS, Hammond AJ, Wathes DC, Hunter MG, Mann GE. Corpus luteum-endometrium-embryo 
interactions in the dairy cow: underlying mechanisms and clinical relevance. Reprod Domest Anim., v.43, 
suppl.2, p.104-112, 2008. 
Roth Z, Inbar G, Arav A. Comparison of oocyte developmental competence and follicular steroid content of 
nulliparous heifers and cows at different stages of lactation. Theriogenology,v. 69, p.932-939, 2008. 
Sangsritavong S, Combs DK, Sartori R, Armentano LE, Wiltbank MC. High feed intake increases liver blood 
flow and metabolism of progesterone and estradiol-17 in dairy cattle. J Dairy Sci, v.85, p.2831-2842, 2002. 
Santos JE, Bilby TR, Thatcher WW, Staples CR, Silvestre FT. Long chain fatty acids of diet as factors 
influencing reproduction in cattle. Reprod Domest Anim, v.43, suppl. 2, p.23-30, 2008. 
Santos JE, Thatcher WW, Chebel RC, Cerri RL, Galvão KN. The effect of embryonic death rates in cattle on 
the efficacy of estrus synchronization programs. Anim Reprod Sci, v.82-83, p.513-535, 2004. 
Santos JEP, Thatcher WW, Pool L, Overton MW. Effect of human chorionic gonadotropin on luteal function and 
reproductive performance of high-producing lactating Holstein dairy cows. J Anim Sci, v.79, p.2881-2894, 2001. 
Sartori R, Bastos MR, Wiltbank MC. Factors affecting fertilisation and early embryo quality in single- and 
superovulated dairy cattle. Reprod Fertil Dev, v.22, p.151-158, 2010. 
Sartori R, Gümen A, Guenther JN, Souza AH, Caraviello DZ, Wiltbank MC. Comparison of artificial 
insemination versus embryo transfer in lactating dairy cows. Theriogenology, v.65, p.1311-1321, 2006. 
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, v.87, p.905-920, 2004. 
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, v.85, p.2803-2812, 2002. 
Schmitt EJ-P, Diaz T, Barros CM, de la Sota RL, Drost M, Fredriksson EW, Staples CR, Thorner R, 
Thatcher WW. Differential response of the luteal phase and fertility in cattle following ovulation of the first-
wave follicle with human chorionic gonadotropin or an agonist of gonadotropin-releasing hormone. J Anim Sci, 
74, p.1074-1083, 1996. 
Shabankareh HK, Zandi M, Ganjali M. First service pregnancy rates following post-AI use of HCG in 
Ovsynch and Heatsynch programmes in lactating dairy cows. Reprod Domest Anim, v.45, p.711-716, 2010. 
Shaham-Albalancy, A., Y. Folman, M. Kaim, M. Rosemberg, and D. Wolfenson. Delayed effect of low 
progesterone concentrations on bovine uterine PGF2 secretion in the subsequent estrous cycle. Reproduction, 
v.122, p.643-648, 2001. 
Shams-Esfandabadi N, Shirazi A, Mirshokrai P, Bonyadian M. Influence of hCG administration after AI on 
conception rates and serum progesterone concentration in cattle. Pak J Biol Sci, v.10, p.2709-2713, 2007. 
Silva PF, Gadella BM, Colenbrander B, Roelen BA. Exposure of bovine sperm to pro-oxidants impairs the 
developmental competence of the embryo after the first cleavage. Theriogenology, v.67, p.609-619, 2007. 
Silvestre FT, Carvalho TS, Francisco N, Santos JE, Staples CR, Jenkins TC, Thatcher WW. Effects of 
differential supplementation of fatty acids during the peripartum and breeding periods of Holstein cows: I. 
Uterine and metabolic responses, reproduction, and lactation. J Dairy Sci, v.94, p.189-204, 2011. 
Sinclair KD, Kuran M, Gebbie FE, Webb R, McEvoy TG. Nitrogen metabolism and fertility in cattle: II. 
Development of oocytes recovered from heifers offered diets differing in their rate of nitrogen release in the 
rumen. J Anim Sci, v.78, p.2670-2680, 2000. 
Snijders SE, Dillon P, O'Callaghan D, Boland MP. Effect of genetic merit, milk yield, body condition and 
lactation number on in vitro oocyte development in dairy cows. Theriogenology, v.53, p.981-989, 2000. 
Sterry, R.A., M.L. Welle, and P.M. Fricke. Treatment of gonadotropin-releasing hormone after first timed artificial 
insemination improves fertility in noncycling lactating dairy cows. J Dairy Sci, v.89, p.4237-4245, 2006. 
Stronge AJ, Sreenan JM, Diskin MG, Mee JF, Kenny DA, Morris DG. Post-insemination milk progesterone 
concentration and embryo survival in dairy cows. Theriogenology 64, p.1212-1224, 2005. 
Thompson IM, Cerri RL, Kim IH, Green JA, Santos JE, Thatcher WW. Effects of resynchronization 
programs on pregnancy per artificial insemination, progesterone, and pregnancy-associated glycoproteins in 
plasma of lactating dairy cows. J Dairy Sci, v.93, p.4006-4018, 2010. 



 Hansen .Challenges to fertility in dairy cattle: from ovulation to the fetal stage of pregnancy. 
 

Rev. Bras. Reprod. Anim., Belo Horizonte, v.35, n.2, p.229-238, abr./jun. 2011. Disponível em www.cbra.org.br 238

Townson DH, Tsang PC, Butler WR, Frajblat M, Griel LC Jr, Johnson CJ, Milvae RA, Niksic GM, Pate 
JL. Relationship of fertility to ovarian follicular waves before breeding in dairy cows. J Anim Sci, v.80, p.1053-
1058, 2002. 
Vasconcelos JL, Sá Filho OG, Justolin PL, Morelli P, Aragon FL, Veras MB, Soriano S. Effects of 
postbreeding gonadotropin treatments on conception rates of lactating dairy cows subjected to timed artificial 
insemination or embryo transfer in a tropical environment. J Dairy Sci, v.94, p.223-234, 2011. 
Vasconcelos JL, Sangsritavong S, Tsai SJ, Wiltbank MC. Acute reduction in serum progesterone 
concentrations after feed intake in dairy cows. Theriogenology, v.60, p.795-807, 2003. 
Walsh SW, Williams EJ, Evans AC. A review of the causes of poor fertility in high milk producing dairy cows. 
Anim Reprod Sci, v.123, p.127-138, 2011. 
Wilson RD, Fricke PM, Leibfried-Rutledge ML, Rutledge JJ, Penfield CM, Weigel KA. In vitro production 
of bovine embryos using sex-sorted sperm. Theriogenology, v.65, p.1007-1015, 2006. 
Wolfenson D, Inbar G, Roth Z, Kaim M, Bloch A, Braw-Tal R. Follicular dynamics and concentrations of 
steroids and gonadotropins in lactating cows and nulliparous heifers, Theriogenology, v.62, p.1042-1055, 2004. 
Wolfenson D, Sonego H, Shaham-Albalancy A, Shpirer Y, Meidan R. Comparison of the steroidogenic 
capacity of bovine follicular and luteal cells, and corpora lutea originating from dominant follicles of the first or 
second follicular wave. J Reprod Fertil, v.117, p.241-247, 1999. 
 
 
 


