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Abstract. The aim of the present study was to determine the relationship of progesterone (P4), bovine pregnancy-associated
glycoprotein-1 (bPAG-1) and nitric oxide (NO) levels with late embryonic (LEM; day 28 to day 42) and early fetal mortalities
(EFM; > day 42 to day 56) in dairy cows. Transrectal ultrasonography (6—8 MHz) was performed in 100 Holstein-Friesian
cows at days 28, 42 and 56 after artificial insemination (Al; day 0) to diagnose pregnancy and to monitor the fate of the
embryo. After ultrasound scanning of each cow, a milk sample was collected for assessment of P4 by an ELISA test and
a blood sample was collected for assessment of bPAG-1, by using a double-antibody radioimmunoassay, and serum NO
metabolites (nitrate + nitrite). Based on ultrasonographic examinations and bPAG-1-RIA, 41 of 100 inseminated cows were
confirmed pregnant at day 28 after Al. Nine cows suffered of LEM, and 6 cows suffered of EFM and the overall pregnancy
loss rate was 36.6% (15/41) between days 28 and 56 of pregnancy. By logistic regression analysis, there were no significant
relationships between the level of P4 and bPAG-1 at day 28 after Al and the occurrence of LEM and EFM. Also, there
were no significant relationships between the levels of P4 and bPAG-1 at day 42 and the occurrence of EFM. On the other
hand, a significant relationship (P<0.05) was found between NO level at day 28 and the occurrence of LEM. In conclusion,
measurement of the serum NO concentration at day 28 of pregnancy might help to predict the outcome of pregnancy by day
42 in dairy cows but further studies are needed to confirm this.
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Pregnancy losses due to embryonic and fetal mortality are probably
the major source of economic wastage in the modern dairy system
[1]. Embryonic mortality has been subdivided into early embryonic
mortality which occurs prior to maternal recognition of pregnancy
(MRP; days 15-17 after breeding) and late embryonic mortality
(LEM) which occurs between MRP and the beginning of the fetal
period (day 42). Pregnancy losses that may occur from day 42 to
calving are considered as fetal losses [2]. Although most pregnancy
losses in dairy cows occur during the early embryonic period, the
incidence of LEM and early fetal mortalities (EFM between days
42 to 90 of gestation) is increasing under conditions of intensive
management [3].

Progesterone produced by the corpus luteum (CL) is essential
for the establishment and maintenance of pregnancy. However, the
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relationship between progesterone (P4) level between days 24 and
42 and embryonic or fetal mortality in dairy cows is controversial
among studies [4-7].

Bovine pregnancy-associated glycoproteins (bPAGs) and pregnan-
cy-specific protein B (bPSPB) are mainly secreted by trophoblastic
binucleate cells [8] and are released into the maternal circulation at
the time of conceptus attachment to the endometrium (approximately
day 25 in cows) [9]. Therefore, these glycoproteins have been used
as a marker of pregnancy and feto-placental well-being in cattle
[10]. Several studies have described the profile of bPAG-1 or bPSPB
in cows with spontaneous or induced pregnancy loss [6, 10-13];
however, a few studies evaluated the use of bPAG-1 or bPSPB as
a predictor of embryonic or fetal death [5, 14]. The results of these
studies indicated that plasma bPAG-1 or bPSPB at days 30-36 of
gestation could be used as a predictive tool for pregnancy loss in
dairy cows.

Nitric oxide (NO) is a gaseous free radical molecule and is
produced by many cells through oxidation of L-arginine by enzyme
nitric oxide synthase (NOS) [15]. Nitric oxide plays a key role in
the functional and structural luteolysis of the corpus luteum in
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cattle [16]. Groebner et al. [17] demonstrated that a pronounced
downregulation of NOS is required for successful early embryonic
development, whereas messenger RNA levels for NOS declined
markedly in the bovine endometrium during early pregnancy (day
18) when compared with those of cyclic cows. Furthermore, elevated
concentrations of NO have been associated with early embryonic
death. Culture with sodium nitroprusside dehydrate, a NO donor,
inhibited development to the blastocyst stage of the bovine embryo
[18]. Also, NO is a major endothelium-derived vasorelaxing factor
and plays an important role in regulating placental fetal blood flows
and thus transfer of nutrients and O, from the dam to the fetus [19].

Since NO plays a key role in luteolysis and regulates the placental
fetal blood flow, its blood concentration may change in cows suf-
fering from embryonic or fetal mortalities. To our knowledge, the
relationship between blood NO and pregnancy loss has not been
investigated. Therefore the aim of the present study was to determine
the relationship of P4, bPAG-1and NO levels with LEM and EFM
in dairy cows.

Materials and Methods

Animals and management

One-hundred Holstein-Friesian cows belonging to a dairy farm in
Hungary were used in the present study from March to June 2010.
The mean milk production for each cow during the study period
was 34.3 kg per day (range: 17.9-52.9 kg). The parity of the cows
ranged between 1 and 8 with an average of 2.4 + 1.4. The cows
were between 55 and 475 days in milk with an average of 163 +
92.7 days. They had body condition scores at day 28 after Al of
between 2.25 and 4.50 (average 3.35 + 0.44, five-point scale) [20].
Number of services was 0 to 10 (average 1.91 + 2.39). The cows
were free from clinical endometritis, mastitis and laminitis. The
animal protocols were approved by the local committee (Faculty
Committee for Animal Experiments, Faculty of Veterinary Science,
Szent Istvan University, Hungary).

According to the routine reproductive management, each non-
pregnant cow with a mature corpus luteum was administered with
500 ug of cloprostenol sodium (2 ml of PGF Veyx® Forte A.U.V. inj,
Veyx-Pharma GmbH, Schwarzenborn, Germany) intramuscularly.
Three days later, all of these cows, not inseminated during the first and
second day after PGF2a treatment, were examined by rectal palpation
by one of the inseminators; if a cow showed clinical signs (erected
uterus, estrual discharge, and having an antral follicle) of estrus, it
was inseminated and then 100 pg of gonadorelin [6D-Phe] acetate
(2 ml of Gonavet Veyx®, Veyx-Pharma GmbH) was administered
intramuscularly. The semen used for artificial insemination (Al) was
chosen by the herd managers as part of the routine management of
the herd. The day of Al was considered as day 0 for calculating the
gestation period.

Ultrasonographic examinations

Transrectal ultrasonography (TRUS) was carried out by the same
operator using a real-time B-mode ultrasound scanner (Falco Vet,
Esaote/Pie Medical, Maastricht, The Netherlands) equipped with a
6-8 MHz linear endo-rectal transducer. Transrectal ultrasonography
was performed for each cow at days 28, 42 and 56 after Al to

diagnose pregnancy and to monitor the fate of the embryo. Positive
diagnoses of pregnancy by transrectal ultrasonography depended
on the detection of anechoic allantoic fluid and the embryo proper
[21]. LEM and EFM were diagnosed when the embryo was detected
without a heartbeat or when a previously observed embryo with a
heartbeat was no longer visible during subsequent ultrasonographic
examinations [21]. Ovaries were scanned for the type (with or
without cavity), the number and the diameter of CLs. Pregnancies
in which the number of corpora lutea exceeded the embryo number
were recorded as pregnancies with additional CLs [22].

Milk and blood sampling

After ultrasound scanning, blood and milk samples were collected
from each cow. After discarding the first 5 squirts of milk from each
quarter, an equal amount of milk was collected from each quarter in
a clean plastic tube (10 ml) during morning milking. The collected
milk was frozen at —20 C until assayed for progesterone (P4). Also,
a blood sample was withdrawn from the tail vein of each cow using
vacutainers (S-Monovette® 9 ml Z, Sarstedt, Niimbrecht, Germany).
Blood samples were kept in an ice box for a maximum 2 hours and
then were centrifuged at 2000 x g for 10 minutes. The collected
serum was stored at —20 C until assayed for bPAG-1 and NO.

Progesterone assay

Progesterone concentrations in the whole milk were determined
by using an ELISA test (Ovucheck® milk, Product # C006, Biovet,
Saint-Hyacinthe, QC, Canada). Progesterone concentrations were
obtained from an absorbance microplate reader and washer (ELX800
and ELX50, BioTek U.S., Winooski, VT, USA). The intra- and inter-
assay coefficients of variation were 5.10% and 8.15%, respectively
and the minimum detection limit of the assay was 1 ng/ml.

Bovine PAG-1 assay

Serum concentrations of bPAG-1 were estimated by using a
double-antibody radioimmunoassay (RIA-706) as previously described
by Perenyi et al. [39]. Rabbit polyclonal antiserum AS#706 was
raised against co-purified caprine PAG 55 kDa and PAG 62 kDa
(accession numbers P80935 and P80933). The minimum detection
limit of the RIA-706 was 0.2 ng/ml. The intra-assay and inter-assay
coefficients of variation were 3.5 and 7.6%, respectively. More details
concerning RIA-706 validation (specificity, parallelism, accuracy)
were previously reported by different authors [23, 24]. A bovine
PAG-1 concentration of 0.8 ng/ml in the plasma [37] was taken as
the cutoff point for diagnosing pregnancy.

Nitric oxide measurements

NO metabolites (nitrates + nitrites) were assayed colorimetrically by
the Griess reaction as described by Green et al. [25]. Briefly, nitrates
in serum were reduced to nitrites by incubation with nitrate reductase
at room temperature for 3 h. Thereafter, total nitrite concentrations
were determined with the Griess reaction, by mixing equal volumes
(1/1) of reduced samples with Griess reagents (1% sulfanilamide in 5%
phosphoric acid and 0.1% naphthalethylenediaminedihydrochloride
in water). The samples were allowed to stand for 30 minutes and
then read in a SpectraMax 250 microplate reader (BC-MDSMX250,
Global Medical Instrumentation, Inc., Ramsey, MN, USA) at an
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Table 1. Mean (+ SD) days in milk, body condition score, parity, milk yield and number of previous
inseminations in nonpregnant cows (NP), cows with ongoing pregnancy (P) and in cows with
late embryonic (LEM) or early fetal mortality (EFM)

NP P Pregnancy loss
(n=59) (n=26) LEM (n=9) EFM (n=6)
Days in milk 173.29 £ 101.51  156.8 +74.50 148 £89.06  103.83+70.10
Body condition score 3.394+0.46 3.33+0.42 3.28 +£0.32 3.25+0.52
Parity 2.47+1.61 1.80+0.71 2.88+£2.15 317+£1.72
Milk yield (kg/day) 34.76 + 8.46 33.59 £ 11.15 31.25+12.45 37.31+5.60
Number of services 1.91+2.39 0.77+0.97 1.81 +2.31 1.83 +£2.56

optical density of 550 nm (ODjss,). Nitrite concentrations were
calculated by comparison with the ODsj5 of standard solutions of
sodium nitrite prepared in saline solution.

Statistical analyses

Data were presented as means = SD. Days in Milk, body condition
score, parity, milk yield, number of services and concentrations
of P4, bPAG-1 and NO in nonpregnant cows, cows with normal
pregnancy and cows that suffered from LEM or EFM were compared
with ANOVA. A post hoc Turkey’s test was used for pair-wise
comparisons. Differences in the level of milk P4, bPAG-1 and
NO over days of sampling (28, 42 and 56) were evaluated by
repeated measures ANOVA. The relationship between pregnancy
losses (dependent variable) and P4, bPAG-1 and NO concentrations
(continuous independent variable) at days 28 and 42 was evaluated
by the logistic regression analysis [26] using SYSTAT 13. Binary
logistic regression was used when the outcomes of pregnancy were
ongoing pregnancy and pregnancy loss or EFM, while multinomial
logistic regression was used when the outcomes of pregnancy were
ongoing pregnancy, LEM and EFM. Values of P4, bPAG-1 and NO in
cows with ongoing pregnancy were considered as the reference. An
odds ratio significantly higher (or lower) than 1 implies an increased
(or reduced) risk of pregnancy loss with each unit increase in the
value of the independent variable. Differences were considered
significant at P<0.05.

Results

Based on TRUS examinations and the bPAG-RIA test, 41 of 100
inseminated cows were confirmed pregnant at day 28 after Al. Of
those pregnant cows, three were diagnosed negative by TRUS at
day 28 but had a bPAG-1 concentration higher than the threshold
for diagnosing pregnancy. These 3 cows were between 90 and 252
days in milk at day 28 after Al. Of those 41 pregnant cows, 32 and
26 were diagnosed pregnant at days 42 and 56 after Al, respectively.
Therefore, 9 cows suffered from LEM, 6 cows suffered from EFM,
and the overall pregnancy loss rate was 36.6% (15/41) between days
28 and 56 of pregnancy. Five of 26 cows with normal pregnancy
had an additional corpus luteum, while cows with pregnancy loss
had no additional corpus luteum (0/15). Twinning was detected
only in a cow with normal pregnancy and therefore, the incidence
of twinning in the present study was 2.4% (1/41).

No significant differences were observed in days in milk, body

Table 2. Mean (= SD) milk progesterone concentrations in cows with
ongoing pregnancy (P) and in cows with late embryonic
(LEM) or early fetal mortality (EFM)

Progesterone concentrations (ng/ml)

Days after Al P Pregnancy losses
(n=26) LEM (n=9) EFM (n=6)
28 24.88£7.012A  23.83+3.69* 30.14 + 7.67%4
42 23.91 + 5.424 6.81 £ 3.42%B 21.00 + 6.8224
56 26.48 + 6.48%A 12.55 +7.75%8 7.65 +7.33b8

&b Data within the same row are significantly different (P<0.0001).
AB-Data within the same column are significantly different (P<0.01).

condition score at day 28 after Al, parity, milk yield and number of
previous Als among cows with normal pregnancy, cows with LEM
and EFM and nonpregnant cows (Table 1).

No significant differences in the levels of P4 were observed
among cows with normal pregnancy and those with either LEM or
EFM. In cows with LEM, P4 levels decreased significantly (P<0.01)
at days 42 and 56. Also, in cows with EFM, a significant (P<0.01)
decrease in the level of P4 was observed at day 56 (Table 2). There
was no relationship between the level of P4 at day 28 after Al and
the occurrence of LEM and EFM. Also, there was no relationship
between the level of P4 at day 42 and the occurrence of EFM (Table
5). Progesterone concentrations in pregnant cows that had additional
CLs were significantly higher (29.78 + 5.58 vs. 24.16 + 5.63 ng/ml,
P<0.005) than those in cows having a single CL. However, pregnancy
loss between days 28 and 56 was nonsignificantly higher in cows
with a single CL compared with that in cows with two CLs (15/26
vs. 0/5, P=0.14).

Concerning bPAG-1, a nonsignificant difference was observed at
day 28 among cows with normal pregnancy and in those either with
LEM and EFM. In cows with LEM, a significant (P<0.01; P<0.05)
decrease in the level of bPAG-1 was observed at days 42 and 56
after AlL. Also in cows with EFM, a significant (P<0.05) decrease
in the level of bPAG-1 was observed at day 56 after Al (Table 3).
There was no significant relationship between level of bPAG-1 at
day 28 and the occurrence of LEM and EFM. Also, there was no
significant relationship between level of bPAG-1 at day 42 and the
occurrence of EFM (Table 5).

Concerning the nitric oxide, a significant difference in its level was
observed at day 28 between cows with LEM and cows with normal
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Table 3. Mean (£ SD) of bovine pregnancy-associated glycoprotein-1
(bPAG-1) concentrations in nonpregnant cows, cows with
ongoing pregnancy (P) and cows with late embryonic (LEM) or
early fetal mortality (EFM)

PAG concentrations (ng/ml)

Days after
Al NP P Pregnancy losses

(n=59) (n=26) LEM (n=9)  EFM (n=6)
28 0.25+0.10%4 3.73+£2.12bA 332+2.17>A 442+2,01bA
42 0.25+0.128A 7.18+2.88%B 1.01+0.62*B 552+39204
56 0.28+£0.24%4 80253208 0.46+0.192C  1.41+1.18C

&b Data within the same row are significantly different (P<0.0001).
AB- Data within the same column are significantly different (P<0.01).
B.C Data within the same column are significantly different (P<0.05).

165

Table 4. Mean (= SD) serum nitric oxide (NO) concentrations in
nonpregnant cows, cows with ongoing pregnancy (P) and cows
with late embryonic (LEM) or early fetal mortality (EFM)

NO (uM/ml)
Days after
Al NP P Pregnancy losses
(n=59) (n=26) LEM (n=9) EFM (n=6)
28 10.47 £2.93%  9.88 £3.21* 13.55+£4.59>4 9.83 +2.942
42 10.35+3.83 11.14+3.81 10.41+2.118 9.98 £4.20
56 9.49+£340 9.69+3.59 9.67+2.908 9.74 £ 1.39

ab. Data within the same row are significantly different (P<0.05).
AB-Data within the same column are significantly different (P<0.05).

Table 5. Odds ratio of serum pregnancy-associated glycoprotein-1 (bPAG-1) and milk progesterone (P4) concentrations at days 28 and 42
in the logistic regression model for late embryonic (LEM) and early fetal mortality (EFM) in dairy cows

95% Confidence intervals

Variable Days of pregnancy Outcome of pregnancy n Odds ratio P
Low High
P4 28 Ongoing pregnancy 26 Reference
Pregnancy loss (LEM and EFM) 15 1.03 0.94 1.38 0.49
42 Ongoing pregnancy 26 Reference
EFM 6 0.69 0.72 1.05 0.14
bPAG-1 28 Ongoing pregnancy 26 Reference
Pregnancy loss (LEM and EFM) 15 1.01 0.74 1.39 0.94
42 Ongoing pregnancy 26 Reference
EFM 6 0.82 0.58 1.15 0.24

Table 6. Odds ratio of serum nitric oxide (NO) concentrations at days 28 and 42 in the logistic regression model for
late embryonic (LEM) and early fetal mortality (EFM) in dairy cows

95% Confidence intervals

Variable Outcome of pregnancy n Odds ratio
Low High
NO (Day 28) Ongoing pregnancy 26 Reference
LEM 9 1.32% 1.04 1.69 0.03
EFM 6 0.99 0.75 1.32 0.97
NO (Day 42) Ongoing pregnancy 26 Reference
EFM 6 0.91 0.7 1.2 0.51

* Each 1 pM/ml increase in the level of NO compared with the mean level in cows with ongoing pregnancy increased

the risk of LEM by a factor of 1.3.

pregnancy and nonpregnant cows (Table 4). A significant relationship
(P<0.05) was found between NO level at day 28 and the occurrence
of LEM. At Day28 of gestation, each 1 pM/ml increase in the level of
NO compared with the mean level in cows with ongoing pregnancy
increased the risk of LEM by a factor of 1.3 (Tables 4 and 6). The
level of NO was significantly (P<0.05) decreased at day 42 in cows
suffered from LEM. There was no significant difference in the level
of NO between cows with ongoing pregnancy and nonpregnant cows
throughout the days of sampling (Table 4).

Discussion

The pregnancy loss rate between days 28 and 56 after Al in the
present study was 36.6% (15/41). Sixty percent (9/15) of these losses
were attributed to LEM and 40% (6/15) were attributed to EFM.
The pregnancy loss rate between days 28 and 56 of pregnancy in
the present study (36.6%) is higher than the range (11% to ~30%)
reported in other studies during the comparable range of days of
pregnancy [14, 21, 27-32]. The difference in the rate of pregnancy
loss between our study and the other studies might be attributed to
the methods used for diagnosing pregnancy loss. In our study, we
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combined TRUS and the PAG test at day 28 for diagnosing pregnancy,
whereas the accuracy of TRUS at that day for detecting pregnant
cows has not reached 100% [21]. This explanation is confirmed by
the lower pregnancy loss (29.2%; 12/41) when the ultrasound was
used alone in our study for diagnosing pregnancy at day 28 after Al

In the present study, there were no associations between milk P4
concentrations at day 28 or day 42 and the occurrence of pregnancy
losses between days 28 and 56 of gestation. Similar results were
reported in other studies that did not find a significant relationship
between P4 level at day 30 [6], day 35 [7] or day 42 [5] and the
occurrence of pregnancy losses in dairy cows. In contrast, Starbuck
et al. [4] reported a significant relationship between P4 level during
week 5 and the occurrence of pregnancy losses up to week 7 of
gestation. In the latter study, the milk production of cows was not
mentioned and it might have been higher than that of the cows
in our study. Cows producing more milk may be more likely to
have suboptimal concentrations of P4 [7]. The milk progesterone
concentrations reported in the present study are similar to that
reported in other studies measuring P4 in the whole milk in pregnant
and non-pregnant cows [33, 34].

Cows having an additional CL had significantly higher concentra-
tions of P4 than those having a single CL, and none of the cows
having additional CLs lost their pregnancies from days 28 to 56. Our
results are similar to those obtained in other studies [7, 31]. In these
studies, cows with multiple corpora lutea had significantly higher
plasma P4 concentrations than cows with a single CL either at day 7
after Al or during the early fetal period. On the other hand, Starbuck
et al. [4] and Sartori et al. [31], reported that cows with 2 corpora
lutea had P4 concentrations similar to those with a single CL. In our
study, cows with additional CLs had a nonsignificantly lower (0/5 vs.
15/36) pregnancy loss than that of those with a single CL. Our results
are in agreement with the results reported by Sartori et al. [31] who
found a nonsignificant difference in the rate of pregnancy loss (8/54
vs. 2/12) from days 25-32 to days 60—66 between cows with single
ovulation and those with multiple ovulation. However, other studies
reported a significantly lower [22] or higher [4] pregnancy loss in
cows with additional CLs. The difference among studies might be
attributed to whether the additional CLs had been associated with
twinning or not, whereas, twins increased the incidence of pregnancy
loss [22]. At the same time Starbuck et al. [4] did not record how
many cows with multiple CLs had multiple embryos at the initial
examination at week 5 of gestation. In our study, the population
number was relatively small, and if it were larger, the significance
level might have been reached.

In our study, there were no significant differences in the bPAG-1
concentrations at days 28 and 42 of gestation among cows with
normal pregnancy and those with either LEM or EFM. Also, there
was no relationship between bPAG-1 concentrations at days 28 and
42 with LEM and EFM, respectively. Similarly, Szenci et al. [12] did
not find differences in bPAG-1 concentrations between cows with
ongoing pregnancy and those with interrupted pregnancies before
loss of the conceptus. On the other hand, by logistic regression
analysis, cows with low (< 2.5 ng/ml) or high (> 4 ng/ml) bPAG-1
concentrations at day 35 of gestation were 10 and 6.8 times more
likely to suffer from fetal death, respectively [5]. About 63% of
LEMs and EFMs could be predicted by measurement of bPSPB at

days 30 to 36 after Al, and the prediction rate increased to 95% when
the bPSPB was combined with low P4 level [14]. The difference
in bPAG-1 profile prior to pregnancy loss among studies may point
to different underlying mechanisms for pregnancy failure in the
different experiments.

NO is produced by a variety of tissues including the uterus and
placenta [35]. In our study, no significant differences were found in
the level of NO between the pregnant and nonpregnant cows at days
28,42 and 56 after Al, indicating that the placenta contributed a little
to plasma NO in the pregnant cows during the study periods. This
explanation is supported by the finding of a recent study in which
the expression of NOS of the uteroplacental unit increased during
the middle of bovine pregnancy [35]. In pregnant ewes, blood NO
concentrations expressed a biphasic pattern, with the concentrations
significantly increased compared with nonpregnant values at days
40 to 69 of gestation, and returned to the levels of nonpregnant
concentrations from days 70 to 100 and again significantly increased
until lambing [36]. This may indicate a difference in the profile
of NO between the two species. Our interesting finding was the
significant difference in the level of NO at day 28 between cows
with LEM and cows with normal pregnancy. In addition, by logistic
regression analysis, there was a significant association between serum
NO concentrations at day 28 of pregnancy and the occurrence of
LEM by day 42. Cows with LEMs in the present study might have
suffered from subclinical endometritis before or after breeding. Ina
recent study [37], the development of subclinical endometritis was
observed in 22% of cows 4 hours following Al. Cows with subclinical
endometritis had a significantly higher blood concentration of NO
than that in healthy cows [38], and the plasma concentrations of NO
were significantly higher in aborted ewes than that in healthy controls
[39]. Bacterial products and endogenous mediators of subclinical
endometritis, such as prostaglandins, NO, reactive oxygen species
and cytokines, can detrimentally affect the quality of the oocyte. The
affected oocytes may be able to undergo fertilization and cleavage
but may have impaired developmental potential. In addition, both
bacterial products and endogenous inflammatory mediators may
affect embryo development and interrupt an established pregnancy
[40]. The nonsignificant relationship between NO concentrations at
days 28 and 42 and occurrence of EFM may indicate that the cause
underlying the EFM might be different from that underlying LEM.

Since the number of cows with pregnancy losses in the present
study was small, the result concerning the relationship between NO
and LEM is preliminary and further studies using a larger number of
cows with pregnancy losses are required. In conclusion, measurement
of blood NO at day 28 of pregnancy might help to predict the outcome
of pregnancy by day 42 in dairy cows.
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