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Abstract

Objectives of this study were to evaluate factors that could affect pregnancy rate after embryo

transfer (ET) in lactating dairy cow recipients. The trial was conducted at a dairy farm located in

Descalvado, SP, Brazil from October 2003 to September 2004. From 1037 cows with CL that were

treated with an injection of PGF2a, 43.3% were detected in heat; 263 were previously assigned at day

of PGF2a injection for AI and 186 for ET. Ovulation rate was 85.7% (385/449). Pregnancy rate for

cows with CL for AI and embryo transfer recipients were 36.5% (84/230) and 58.7% (91/155) at day

25 and 33.0% (76/230) and 45.8% (71/155) at day 46, respectively. Embryonic loss were 9.5% (8/84)

for the AI group and 21.9% (20/91) for the ET group. Average milk production was 31.4 L/day/cow.

Average daily milk production from 7 days before PGF2a injection to 7 days after ET tended

(P < 0.10) to influence pregnancy rate on days 25 and 46. Average daily milk production from the

day of embryo transfer to 7 days after influenced embryonic loss (P < 0.05). Cows with higher milk

production had lower probability of pregnancy and higher probability of embryonic loss. Cows with

higher days in milk had higher probability of pregnancy. Cows with higher rectal body temperature

had lower probability of pregnancy and higher probability of embryonic loss. The influence of high

milk yield and body temperature on fertility in lactating dairy cow recipients suggests that these

effects can occur also after embryo reaches the blastocyst stage.
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1. Introduction

Many factors influence fertility including cyclicity, energy balance, heat stress, parity,

milk production, diet and diseases [1–6]. Reproductive efficiency in lactating dairy cows

has declined and has been associated with a steady increase in average milk production per

year [7]. The reproductive performance of lactating cows under high environmental

temperature is compromised because of the deleterious effect of heat stress on fertilization

and embryo survival [8].

Embryo transfer has become the most powerful tool animal breeders have acquired

since AI. Multiple ovulation and embryo transfer (ET) was used initially to produce more

embryos from genetically elite cows in shorter time periods [9]. Today, it is also used as a

method to attenuate some of detrimental effects of heat stress on fertility [10–12].

Objectives of this study were to evaluate factors that could affect pregnancy rate after

ET in lactating dairy cow recipients.

2. Materials and methods

The experiment was conducted at a commercial dairy farm located in Descalvado, São

Paulo, Brazil from October 2003 to September 2004. A total of 1037 lactating Holstein

cows with 50–547 days in milk (DIM) were used from a 1200-cow milk herd. Animals

were maintained in a freestall barn with access to an adjoining sod-based area. Barns were

cooled to minimize the effects of heat by intermittent sprinkling and forced ventilation.

Cows were milked three times a day and feed with a total mixed ration based on corn silage

and balanced to meet nutritional requirements for lactating dairy cows. Daily milk yield for

each cow was recorded (Alpro Transponder1, De Laval, Brazil). Average daily milk yield

from 7 days before PGF2a injection to 7 days after ET was recorded and divided in periods:

7 days before PGF2a injection; from day of PGF2a injection to day of embryo transfer and

from day of embryo transfer to 7 days latter.

Nonpregnant cows were evaluated once a month (at Fridays); when a CL was palpated

per rectum, cows were treated with PGF2a (25 mg dinoprost tromethamine; Lutalyse1;

Pharmacia Animal Health, Kalamazoo, MI, USA) and randomly assigned to receive AI or

ET. Cows in the AI group were inseminated as they showed estrus 48–96 h after PGF2a

injection. Cows in the ET group that showed estrus 48–96 h after PGF2a injection

(Sunday–Tuesday), received one embryo at 6, 7 or 8 days after estrus, next Monday (10

days after PGF2a injection). Only results of ET are discussed in this paper.

Embryos were obtained from a commercial company (Samvet Embriões, Descalvado,

Brazil). Embryos were evaluated at 50� under a stereomicroscope and placed in TQC

holding solution (AB Technology, Nutricell, Brazil), maintained at ambient temperature.

Only grades 1 and 2 morulae, early blastocysts and mid-blastocysts were designated for

fresh transfer [13]. They were collected nonsurgically from superovulated, non-lactating

Holstein cows. On-farm transfer of fresh embryos was possible because of the

synchronization of estrous cycles of donors and recipients. Prior to transfer, recipients

were evaluated by ultrasound (Aloka SSD 500 V; Aloka Co. Ltd., Tokyo, Japan) equipped

with a 5 MHz linear transrectal probe to determine the presence of the CL. After epidural
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anesthesia, embryos were transferred nonsurgically to the uterine horn ipisilateral to the

CL by a veterinarian experienced in embryo transfer.

Rectal body temperature was recorded on day of embryo transfer and 7 days latter. Blood

samples were collected on day of embryo transfer and 7 days latter by coccygeal venipuncture

into 10 mL heparinized Vacutainer1 tubes. Tubes were placed in ice immediately after blood

collection, centrifuged (1000 � g, 15 min) within 6 h and plasma separated. Plasma samples

were stored at�20 8C until analysis for progesterone by radioimmunoassay (Coat a Count1–

Diagnostic Products Corporation, Los Angeles, CA). The intra and inter assay CVs were

6.2% and 7.9%, respectively, and sensibility was 0.01 ng/mL.

Pregnancy diagnosis was performed by ultrasonography at day 24–26 after estrus

(pregnancy rate day 25). Pregnant cows were reevaluated by ultrasonography at day 45–47

after estrus (pregnancy rate day 46). Embryonic loss was considered when cows pregnant

on day 25 were not pregnant on day 46.

The binary variables pregnancy rates at days 25 and 46, and embryonic loss rates were

analyzed by binary logistic regression, and the continuous variable rectal body temperature

on day of ET was analyzed by GLM, using MINITAB [14]. The mathematical model

included the effects of average daily milk production at different intervals related to the day

of PGF2a injection and day of ET, DIM, rectal body temperature, plasma progesterone

concentration and season. Linear, quadratic and cubic effects were tested. Treatment

differences with P � 0.05 were considered significant, while tendencies were considered

when P > 0.05 and �0.10.

3. Results

A total of 1037 cows with a CL received an injection of PGF2a. Of these, 449 (43.3%)

were detected in estrus, and 263 were assigned for AI and 186 for ET. Thirty-one cows that

J.L.M. Vasconcelos et al. / Theriogenology 65 (2006) 192–200194

Fig. 1. Effect of milk production (average milk production from 7 days before PGF2a injection to 7 days after ET)

on estimated probability of pregnancy at day 25 in lactating dairy cow recipients (dots are the distribution of

events: 0 = not pregnant; 1 = pregnant).



had been assigned for ET did not receive an embryo because there was no CL on day 7.

Thirty-three cows that had been assigned for AI did not have a CL on day 7. Ovulation rate

of all cows was 85.7% (385/449).

Pregnancy rate (cows with CL on day 7 after estrus) for AI and embryo transfer

recipients were 36.5% (84/230) and 58.7% (91/155) at day 25 and 33.0% (76/230) and

45.8% (71/155) at day 46, respectively. Embryonic loss were 9.5% (8/84) for the AI group

and 21.9% (20/91) for the ET group.

Average milk production of recipient cows was 31.4 L/day. There was a tendency for

average milk production from 7 days before PGF2a injection to 7 days after ET to

influence pregnancy rate at day 25 (P < 0.10) and day 46 (P < 0.10). Average daily

milk production from the day of embryo transfer to 7 days later influenced embryonic

loss (P < 0.05). Cows with higher milk production tended to have a lower prob-

ability of pregnancy (Figs. 1 and 2) and had a higher probability of embryonic loss

(Fig. 3).

Average days in milk for recipients were 189 days. Days in milk influenced pregnancy

rate at day 46 (P < 0.05). Cows with higher days in milk had a higher probability of

pregnancy (Fig. 4).

The average milk production from 7 days before PGF2a injection to 7 days after ET had

tendency (P = 0.08) to influence rectal body temperature on day of embryo transfer.

Rectal body temperature at 7 days after estrus influenced pregnancy rate at day 25

(P < 0.05) and tended to influence pregnancy rate at day 46 (P < 0.10) and embryonic loss

(P < 0.10). Cows with higher body temperature had a lower probability of pregnancy

(Figs. 5 and 6) and higher probability of embryonic loss (Fig. 7).

There was no difference on pregnancy rate and embryonic loss rates among seasons.

Circulating plasma progesterone concentration also did not influence pregnancy rate or

embryonic loss.
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Fig. 2. Effect of milk production (average milk production from 7 days before PGF2a injection to 7 days after ET)

on estimated probability of pregnancy at day 46 in lactating dairy cow recipients (dots are the distribution of

events: 0 = no loss; 1 = loss).



4. Discussion

Environmental and stress factors promote ovulation failure, which is considered to be a

cause of infertility in dairy cattle [15]. In this study, there was an estimated rate of ovulation

failure of 14.3%. One advantage of embryo transfer is that presence of the CL is evaluated

before transferring the embryo.

The pregnancy rates of 58.7% at day 25 and 45.8% at day 46 are higher than for most

papers using lactating recipients [10,12]. The high pregnancy rates may reflect the fact that

fresh, in vivo-produced embryos from non-lactating dairy cows were transferred. Sartori
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Fig. 3. Effect of milk production (average milk production from the day of embryo transfer to 7 days latter) on

estimated probability of embryonic loss in lactating dairy cow recipients (dots are the distribution of events: 0 = no

embryonic loss; 1 = embryonic loss).

Fig. 4. Effect of days in milk on estimated probability of pregnancy at day 46 in lactating dairy cow recipients

(dots are the distribution of events: 0 = not pregnant; 1 = pregnant).



et al. [16] reported a very high percentage of non-viable embryos (�70% during

summer and �50% during winter) by day 6 after estrus as compared to heifers during

summer (�30% non-viable embryos) and non-lactating cows during winter (�20%

non-viable embryos). Bode et al. [17] evaluated the effects of protein intake on early

embryo development in lactating dairy cows, and reported no differences in the

quantity, visual quality, or stage of development of embryos collected from cows with

low plasma urea nitrogen (PUN) or cows with high PUN, but embryos from cows with

low PUN resulted in higher pregnancy rate than the embryos from cows with high PUN.

These data suggest that despite the same visual quality, some embryos may have

intrinsic problems.

The 21.9% rate of embryonic loss was similar to values found by some authors [7,18].
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Fig. 5. Effect of rectal body temperature on day of embryo transfer on estimated probability of pregnancy at day

25 in lactating dairy cow recipients (dots are the distribution of events: 0 = not pregnant; 1 = pregnant).

Fig. 6. Effect of rectal body temperature on day of embryo transfer on estimated probability of pregnancy at day

46 in lactating dairy cow recipients (dots are the distribution of events: 0 = not pregnant; 1 = pregnant).



Average daily milk production from day of ET to 7 days later influenced embryonic loss.

The antagonistic relationship between milk yield and fertility has been reported in several

studies [19,20]. The effect of high milk yield on fertility in lactating dairy cow recipients

suggests that this effect can occur also after embryo reaches the blastocyst stage.

Heat stress can compromise the reproductive events required to embryo development

by decreasing expression of estrus behavior, altering follicular growth, compromising

oocyte competence, and inhibiting embryonic development [21]. Embryo transfer is a

strategy that bypasses effects of heat stress during the period of follicular development

and the first 7 days of embryonic development. Oocyte and embryos at early stages are

extremely sensitive to heat stress, while embryos 3 days and older are thought to be more

resistant [22]. Our data show that temperature effects seems to persist for more than 3

days after fertilization, since body temperature on the day of embryo transfer had an

effect on pregnancy rates and embryonic loss. Either the embryo retains sensitivity to

heat stress at day 7 or heat stress effects on the reproductive tract lead to pregnancy

failure.

In the present experiment, non-lactating cows are used as donors, so there was little

effect of heat stress and milk yield on embryo quality. Lactating cows are more sensitive

to high temperatures due to the heat generated by increased metabolism associated with

high feed intake and milk production [23]. Sartori et al. [16] reported that lactating cows

had greater increase in body temperature in response to increases in environmental

temperature than was observed in heifers. In this experiment the average milk production

from 7 days before PGF2a injection to 7 days after ET had tendency (P = 0.08) to

influence rectal body temperature on day of embryo transfer. Studies suggest a negative

interaction between milk production and heat stress on reproductive performance of dairy

cows [20].

Diseases during early postpartum period are known to affect reproductive performance

of lactating dairy cows [7]. This could be one of the reasons why pregnancy rate is higher as

DIM increases.

J.L.M. Vasconcelos et al. / Theriogenology 65 (2006) 192–200198

Fig. 7. Effect of rectal body temperature on day of embryo transfer on estimated probability of embryonic loss in

lactating dairy cow recipients (dots are the distribution of events: 0 = no embryonic loss; 1 = embryonic loss).



In conclusion, the influence of high milk yield and body temperature on fertility in

lactating dairy cow recipients suggests that these effects can occur also after embryo

reaches the blastocyst stage. Embryo transfer using fresh embryos could be used as a tool to

maintain high pregnancy rates in lactating dairy cows.
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