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More is Less: 

Early Pregnancy Loss 

 

Peter J Chenoweth 

Charles Sturt University 

 

Definitions: 

Period of Ovum – Fertilization until implantation start  

Period of Embryo (Early Embryonic Death/Loss) – Period of differentiation).  

Period of Fetus (Abortion) – Differentiation (d 42) to term) 

Perinatal – period immediately before, during and after birth.  

 

Early Embryonic Loss (EEL) 

In most mammals, high and variable rates of embryo loss occur, with most occurring early in 

development. For example, less than half of inseminated bovine oocytes remain viable after a 

few days. Of those that do, many more do not implant or attach to the uterus. In dairy cows, 

between 30-40% of embryos die between fertilization and day 50 of pregnancy.  In ewes, a 

study of abattoir samples in Ireland revealed an embryonic loss rate of 17.2% (Alosta et al 1998). 

Comparable figures for companion animals are difficult to obtain  

 

Losses are considered to be lower in beef cattle generally, although more information is needed. In 

dairy cattle, pregnancy rates at 28-32 days post A.I. favor heifers (~75%) vs cows (40-47%) (Fricke 

2003). This is also true for early pregnancy loss, which is greater in lactating cows (20%) vs heifers 

(5%). Although the specific factors causing such early losses are often not identified, it is possible 

that common causal factors exist for both lack of pregnancies and early pregnancy loss. 

 

Causes of EEL 

Chromosome abnormalities contribute to approximately 3-6% of spontaneous abortions in humans. 

In cattle, higher levels of sperm chromatin damage (SCSA) have been associated with higher rates of 

unfertilized and morphologically abnormal embryos from superovulated heifers. Similarly, bull 

sperm with superior chromatin quality showed advantages both in attachment to oviductal epithelial 

cells and embryo cleavage and development rates. Age of the male has been also associated with 

increased chromosomal abnormalities in human sperm, despite a lack of association with observed 

sperm morphology.  

 



Male-factor fertility differences which are independent of sperm numbers are attributed to 

uncompensable semen traits. Many such traits are unidentifiable at present. The culprit sperm may 

contain chromatin aberrations while appearing to be normal on routine testing (Saacke et al 2000). 

Such sperm can fertilize but be incapable of maintaining the fertilization process or embryo 

development. Sperm with subtle head abnormalities (e.g. subtle forms of the diadem/crater defect) 

have been shown to access the ovum following A.I. Results may include lowered fertilization rates 

and embryo quality as well as early embryonic death with most such failures occurring prior to 

maternal recognition of pregnancy (Saacke et al 2000). Identification of uncompensable sperm 

factors is difficult.  

 

Sperm which appear to be morphologically normal may have defective chromatin and lowered 

fertility. Aged sperm have been shown to have defective chromatin, as has semen from inbred lines 

of bulls.  

 

Both sperm viability and morphology are associated with early embryonic failure. Much of this male-

associated loss is considered to occur relatively early. For example, in dairy cattle, male-associated 

embryo loss is rare after 24 days post-A.I. Low fertility bulls have higher rates of embryonic loss than 

bulls of high fertility. Implicating factors in different species include: 

● Elevated ambient and scrotal temperatures,  

● Immature and aged sperm.  

In bulls, sperm abnormalities associated with early embryo loss, or decreased embryo quality, 

include diadem defects (as below), proximal droplets and decapitated sperm.  

 

Effect of Sperm with Diadem/Crater (D/C) Defects on Embryo Quality. 

Females Embryos Semen Excellent Good Fair/Poor Deg/UFO 

7 

 

7 

 

99 

 

109 

Control 

 

D/C 

(day +21) 

47.5 

 

9.2 

20.0 

 

11.9 

7.0 

 

7.4 

22.0 

 

62.3 

         Saacke et al 1991 

 

In the experiment above, sperm defects were incurred by scrotal insulation of bulls. Similarly, in 

mice, acute scrotal heating resulted in impaired semen quality, lowered fertilization rates and 

reduced embryo development (Spiessens et al 1998).  



 

Sire Effects 

Differences have been shown to occur among bulls in embryo survival and development, for both in-

vivo and in-vitro systems (Saacke et al 2000).  Earlier work showed that AI bulls of low fertility had 

higher rates of embryonic loss than did bulls of high fertility (cited by Courot and Colas 1986); also 

that individual bulls differed in their contribution to embryo development, with this becoming 

apparent after the first cleavage division (Eyestone and First 1989) 

 

Similarly with sheep, Maxwell et al (1992) observed that rams from 2 different genetic sources had 

differing rates of embryonic loss despite comparable fertilizing capacity. In a number of cases, 

differences in bull reproductive success could not be explained by conventional seminal 

examination. Here, advances in in-vitro fertilization (IVF) and embryo transfer (ET) methodology 

have improved capabilities to detect differences in male effects on both fertilization and embryo 

development. Using such techniques, bull differences have been reported for IVF rates, initiation 

and length of the zygotic S-phase, and in embryo cleavage and development (cited by Schneider et al 

1999). Other findings include great individual variation in sperm in-vivo ability to access the ovum 

(den Daas 1998). 

        

Environmental Effects. 

The most important environmental factor causing impaired cattle reproduction is heat stress (Senger 

2003). Seasonal heat stress occurs to varying degrees in most parts of the U.S., and can result in one 

or more of the following: 

1. Increased embryonic death,  

2. Decreased estrous length and intensity 

3. Decreased conception rate  

Cows having elevated body temperatures above 410C, especially 1-3 days following 

service/insemination, exhibit a significant increase in embryonic death (Senger 2003). In the 

southern US, dairy cattle pregnancy rates can drop to less than 10%, with embryonic loss accounting 

for much of this loss (Ambrose et al 1999). Bovine embryos are most susceptible to heat stress at 

early developmental stages, especially from days 0-3 after estrus, with later stage embryos being 

less susceptible. Thus, transfer of fresh embryos at d7 to heat stressed dairy cows in Florida 

increased pregnancy rates (Ambrose et al 1999).   

 

Adverse effects of environmental stress on follicular development and “success” can be incurred 

early. For example, in cattle, a hypothetical scenario has been described whereby a relatively 

transient period of “stress” can affect a number of generations of developing follicles, leading to 



subsequent problems with fertility and embryo viability (see below). In this model, it takes 60-80 

days for an “antral”  follicle to make the “journey” from initial recruitment to ovulation. If young, 

developing follicles are exposed to adverse conditions (e.g. malnutrition, stress), then they can suffer 

from retarded development or become otherwise dysfunctional. Cyclicity and/or fertility is thus 

adversely affected (Britt 1991). 

 

The production of embryos by superovulation is often reduced in period of heat stress (Hansen et al 

2001), which is associated with reduced superovulatory response, lower fertility rates  and reduced 

embryo quality. Breed differences (Brahman and Holstein) occur in their reproductive responses to 

heat stress (Hansen et al 2001) 

 

Nutritional & Toxic Effects: 

Nutritional effects do occur on embryo survival, although evidence is often circumstantial.  

For example, in lactating dairy cattle, early pregnancy loss has been associated with negative 

energy balance and the toxic effects of both urea and N.  Elevated levels of dietary protein in 

cattle have been associated with reduced fertility, with evidence that this occurs in 

conjunction with an altered uterine environment.  
 

Gossypol obtained from cotton seed, has been linked with both male and female infertility in 

ruminants. In the female, gossypol interferes with normal in-vitro embryo development of embryos 

and synthesis of P4 by luteal cells. The feeding of 5g gossypol/day in cotton-seed meal to heifers 
resulted in increased numbers of degenerative embryos (49). 
 

The effects of ingested phyto-estrogens on embryo loss are not well documented, although 

(Adams et al 1995) linked these factors in cows and ewes. In Israel, elevated levels of 

systemic estrogen associated with an estrogenic legume (vetch) in dairy cows were associated 

with higher levels of embryo loss group (Shore et al 1998) 
 

Temporal Relationships: 

The time of insemination in relation to estrus or ovulation is important for success of both 

fertilization and embryo viability. However, these both may not work together for optimal results in 

both categories.  

 

Using 6d bovine ova/embryos, Saacke et al (2000) found that early insemination resulted in poor 

fertilization rates (i.e. low numbers of accessory sperm) but good embryo quality, whereas late 

insemination resulted in high fertilization rates (high numbers of accessory sperm) but poor embryo 

quality (as below).  

 



 

 

 

Infectious Agents. 

Although semen is an important vector for viral diseases, and virus may be detected in all seminal 

components, testing for viruses in semen has not been widespread. This is despite growing evidence 

that the virus-sperm interaction can have a number of adverse consequences. Viruses have been 

found in both testicular compartments (interstitium and seminiferous tubules). They can be 

protected by the blood-testis barrier from body defense mechanisms and treatments, allowing the 

testis to become a viral reservoir. Vertical transmission of viruses via the germ line is well 

established.  In this discussion, interest is primarily focused on the possible effects of viruses on 

fertilization and embryo development. 

 

In humans, HIV virus has been shown to not only attach to spermatozoa, but also to enter the cell 

through intact plasma membranes. HIV-particles not only bind to and enter sperm, but such sperm 

can transfer HIV-1 like particles to human oocytes (Baccetti et al 1994).  In monkeys, SIV causes 

hypospermatogenesis with degeneration of the seminiferous epithelium.  In cats, FIV is shed in 

semen and has been associated with sperm abnormalities. It also affects the hypothalamic-pituitary-

gonadal axis, such that affected males have lowered T production. Bovine immunodeficiency virus (a 

lentivirus) is suspected of being transmitted in semen (Nash et al, 1995).  

 

Cytomegalovirus (a member of the Herpesviridae) is ubiquitous in the human population, and 

although infection is lifelong, it is usually latent. However, it may be activated by another infection, 

or by lowered immunocompetence. In the U.S., CMV is probably the most important agent 

responsible for congenital infection and damage in humans (Hammitt et al 1988).  In mice, CMV is 



believed to be harbored in the testes and to replicate in germ cells; it has been recovered from both 

epididymal sperm and from the seminal vesicles.  CMV causes necrotic tissue changes in the testicles 

of rhesus monkeys.  

 

Another herpesvirus, HSV, is associated with fertility problems in man and has been detected within 

spermatozoa by in-situ hybridization. Equine herpesvirus 1 (EHV-1) has been shown to replicate in 

the testes and be shed in semen (Tearle et al 1996) and, although it evidently does not replicate in 

the seminiferous epithelium, it does cause increased abnormalities, particularly of the sperm head 

and midpiece (Tearle et al 1996). Bovine herpesvirus 1 (BHV-1) is prevalent in cattle populations, is 

transmitted in semen, causes infertility and can recrudesce in bulls in response to stress or lowered 

imunocompetence. It is present in seminal plasma rather than in sperm (Farre et al 1999). 

 

A number of viruses have been detected in bull semen, with important implications for the A.I. 

industry. BTV has associated with a number of reproductive disorders including EED, abortion, 

teratological defects (both calves and lambs) and a transient infertility in bulls and rams (Osburn 

1994. 

 

Although not a virus, Ureaplasma urealyticum can cause embryo loss without necessarily affecting 

apparent sperm quality. In one study, sperm from infected human males had elevated instable 

chromatin and denatured DNA - both of which improved after antibiotic treatment (Reichart-Malka 

et al 2000). Sperm infected in-vitro showed significant dose and time-dependent chromatin 

decondensation and DNA damage. Such damage may adversely influence embryo development 

(Reichart et al 2000). In working with U diversum in cattle, we established epidemiological evidence 

to support venereal transmission (Rae et al 1993), and detected organisms attached to sperm 

structures within the plasma membrane. 

 

In conclusion, it would appear that infective agents, particularly viruses, have been underestimated 

as causes of male factor infertility. In addition, the ability of infective agents to migrate via the sperm 

into the egg and influence viability and development is worthy of greater attention.  
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