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The early detection of pregnancy and the determination of fetal numbers
have economic benefits in sheep production because of the seasonal breeding pat-
terns where missing a breeding opportunity means the loss of one productive year.
The purpose of this study was to evaluate the efficacy of the B6-HRP ELISA for
ovine pregnancy-specific protein B (o0PSPB) measurement in the detection of
pregnancy and estimation of fetal numbers in different sheep breeds. BioPRYN®
ELISA assay kit was used for the detection of pregnancy in the experimental ani-
mals. Ninety-three ewes of three breeds (British Milksheep — BM, Lacaune — L
and Transylvanian Racka — TR), each from three farms in Hungary, were included
in the study. BM and L ewes were artificially inseminated (Al). Thirty-five days
after Al all ewes were examined by transabdominal ultrasound. The TR flock
was mated naturally over a six-week period. At the end of the mating period, the
ewes were similarly examined by ultrasound. Blood samples were taken from all
pregnant ewes twice (35 and 65 days after Al), and serum samples were assayed
by the BioPRYN test. It can be concluded that the detection of serum PSPB by
ELISA is a much easier, safer, less expensive and highly accurate method for the
detection of ovine pregnancy. Although some breed-related differences were de-
tectable at 35 and 65 days post breeding, no differences in oPSPB levels were
found in pregnant ewes carrying different numbers of fetuses.

Key words: Pregnancy detection, fetal number, pregnancy-specific protein
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The early detection of pregnancy and the determination of fetal numbers
have economic benefits in sheep production because of the seasonal breeding
patterns where loss of a breeding opportunity means the loss of one productive
year. Intensive sheep management and the widespread use of controlled breeding
techniques such as artificial insemination (Al) and out-of-season breeding have
increased the need for simple, accurate, rapid, cheap and practical methods for
early pregnancy detection.
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Approaches to testing have involved the laboratory measurement of the
presence of aspartic acid proteinases. The first such proteins, a mixture of several
forms of proteins (Sasser et al., 1988), were named pregnancy-specific protein B
(PSPB) and were originally detected in the bovine placenta (Butler et al., 1982).
The first protein test for pregnancy in ruminants was developed by measuring
PSPBs in cows (Sasser et al., 1986). PSPBs are produced in binucleated cells of
the fetal trophectoderm (Eckblad et al., 1985). These proteins were detected in
several ruminants by radioimmunoassay (Sasser et al., 1988), including a first
reference for sheep (Willard et al., 1987) followed by others (Ruder et al., 1988;
Ranilla et al., 1994; Willard et al., 1995; Wallace et al., 1997; Karen et al., 2003).
Additionally, a radioimmunoassay (RIA) for goat (c) PSPBs in the blood for the
detection of pregnancy was first used by Humblot et al. (1990); this was fol-
lowed by others using blood RIA (Gonzalez et al., 1999) and milk RIA for goats
(Gonzalez et al., 2001).

Subsets of PSPBs were found later and were named pregnancy-specific
protein 60 (PSP 60; Camous et al., 1988), pregnancy-associated glycoproteins
(PAGs; Zoli et al., 1992) and DG-29 (Paré et al., 2008). All are aspartic acid pro-
teinases. An aspartic acid proteinase antigen in binucleated cells of the sheep
placenta was found using the monoclonal antibody SBU-3 (Lee et al., 1986). The
term PSPB for these proteins will be used herein. The physiological role of PSPB
during pregnancy has not been determined but one possible role is the mainte-
nance of the corpus luteum by stimulating prostaglandin E2 production (Del
Vecchio et al., 1995).

A qualitative RIA for PSPB for detection of pregnancy in sheep (Ruder et
al., 1988) was developed using the bovine (b) PSPB RIA of Sasser et al. (1986).
Later, Willard et al. (1987, 1995) developed a heterologous quantitative RIA us-
ing antibodies specific for ovine (0) PSPB and bovine PSPB as standard and iso-
tope-labelled marker.

Radioimmunoassay is rather hazardous and expensive to use and cannot
be applied readily for testing samples. To alleviate these problems, the ELISA
technology is more practical. ELISA assays are available for testing bovine
(Howard et al., 2007), ovine and caprine PSPB (BioTracking Inc., 2008) as a
means of pregnancy detection. The purpose of this study was to evaluate the effi-
cacy of a B6-HRP ELISA for oPSPB measurement in the detection of pregnancy
and the estimation of fetal numbers in different sheep breeds.

Materials and methods

BioPRYN ELISAs for sheep

The B6-HRP assay (BioPRYN" assay kit) was a typical sandwich ELISA
for the detection of pregnancy in sheep and goats, and was supplied by Bio-
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Tracking Inc. (Moscow, ID, USA). Rabbit anti-oPSPB serum was coated to 96-
well microtitre plates and was used to capture PSPBs of the standards or sam-
ples. B6-HRP or MAB45-Biotin was used to bind to the PSPBs that were cap-
tured from the standard or sample. If MAB45-Biotin was used, a further incuba-
tion with streptavidin-HRP was performed. Development of colour occurred with
the addition of 3,3°,5,5’-Tetramethylbenzidine, the substrate for HRP. Sulphuric
acid (1 M) was used to stop the reaction and an optical density (OD) reading, at
450 nm, was obtained with a plate reader for each well (VersaMax, Molecular
Devices, Inc., San Jose, CA, USA).

The cut-off OD reading for each assay plate for evaluating if an ewe was
pregnant or not pregnant (open) was determined from the mean OD (triplicate
wells) of each of two PSPB standards. Cut-off values were equivalent to the cut-
off amount of PSPB found in serum by the RIA for pregnancy testing in sheep
(Willard et al., 1995) or goat (Humblot et al., 1990). The sample OD values indi-
cated the amount of PSPBs in a sample, with higher readings having correspond-
ingly higher concentration of PSPBs.

Animals and examinations

Ninety-three ewes of three breeds (British Milksheep — BM, Lacaune — L
and Transylvanian Racka — TR), each from three farms in Hungary, were includ-
ed in the study. The British Milksheep and Lacaune flocks were housed in a barn
by night and were allowed to graze by day. The Transylvanian Racka flock was
kept on pasture throughout the experiment. British Milksheep and Lacaune ewes
were artificially inseminated (Al). Thirty-five days after Al, all ewes were exam-
ined transabdominally by ultrasonography (Pie Medical Falco Vet 100 with 5 —
7.5 MHz convex transducer, Maastricht, The Netherlands). The Transylvanian
Racka flock was naturally mated over a six-week period. At the end of the mat-
ing period, the ewes were similarly examined by ultrasound. All pregnant ewes
were blood sampled for serum oPSPB analysis twice (first at the positive ultra-
sound pregnancy diagnosis and the second time 30 days after the first sampling).
Blood samples were centrifuged and sera were separated and transported on ice
to the laboratory. From the sera, optical density (OD) values for the presence of
oPSPB as an indication of pregnancy were determined using the B6-HRP
ELISA.

Statistical analysis

Statistical analyses were done by IBM SPSS Statistics 19 software, using
Pearson correlation to study the relationship between OD at day 35 and OD at
day 65. Paired sample #-test was performed to look for differences between OD
at day 35 and OD at day 65. One-way analysis of variance was used to evaluate
differences between breeds.
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Results

Pregnancy was detected by ultrasonography in 22 BM, 30 TR and 41 L
ewes, respectively. The number of ewes for lambing data recording was reduced
because of one abortion in TR and another one in L, and the absence of lambing
data for nine TR ewes. Final lambing data were obtained from 22 BM, 20 TR
and 40 L ewes, in the respective breeds. ELISA results were in 100% agreement
with the ultrasound examination findings in 22 BM, 30 TR and 41 L pregnant
ewes. The pregnancy and lambing data of ewes are presented in Table 1.

Table 1
Comparison of B6-HRP ELISA and ultrasound with the number of ewes lambing

1st evaluation, 2nd evaluation,
Day 35 Day 65
Number
n B6HRP B6HRP of ewes
Pregnant by ELISA ELISA lambing
ultrasound
Pregnant Pregnant
British Milksheep 22 22 22 22 22
Transylvanian Racka 30 30 30 30 20
Lacaune 41 41 41 41 40
Total 93 93 93 93 82

*Ultrasound and a blood ELISA were done at the first evaluation 35 days after Al or at the end of
the breeding season (Transylvanian Racka), then a blood ELISA was done 30 days later for all
groups

The OD values of all breeds on the 1st and 2nd blood sampling dates are
shown in Table 2. Using data of all breeds, the 2nd samples (65 days) had higher
OD values (P = 0.013) compared to the first samples (35 days). By individual
breeds between sampling dates, the OD for the L breed was significantly differ-
ent with the 65-day value being higher; there was no difference in OD and days
sampled for the two other breeds. OD on day 65 was significantly higher only in
L ewes, although the two measurements in the other breeds also differed.

Overall, a higher OD was measured in BM ewes than in L ewes, while TR
ewes had intermediate OD values.

Table 3 shows the lambing data for the three sheep breeds. All TR ewes
had only one lamb per ewe and this differed from MB and L ewes which were
similar to each other in the number of lambs born.

In Table 4, the OD values of the 1st and 2nd bleedings are presented with
respect to the number of fetuses of British Milksheep and Lacaune ewes. There
were no significant differences between OD values, number of fetuses or days of
blood sampling.
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Table 2
OD values at days 35 and 65 after breeding among breeds of sheep
OD, Day 35 OD, Day 65 Correla. P value
n P value . for
Mean + SD Mean + SD tion correlation
British Milksheep 22 0.724 £ 0.07* 0.72 +£0.09* 0.857  0.501 0.018
Transylvanian Racka 30 0.662 £ 0.10® 0.686+£0.11°  0.052 0.777 0.000
Lacaune 41 0.612+£0.13**  0.646+0.13°®  0.029 0719  0.000
All breeds 93 0.654+0.12*  0.677+0.12°  0.013 0729  0.000

a, b: Different letters in columns mean significant differences (P < 0.05) among breeds; A, B: Dif-
ferent letters in rows mean significant differences (P < 0.05) between OD day 35 and OD day 65

Table 3

Number of lambs born by breed and ewe

No. No.
of ewes No. of lambs of lambs Max.
Mean + SD
British Milksheep 22 47 2.14 £+ 0.889" 4
Transylvanian Racka 20 20 1.00 £ 0.00° 1
Lacaune 40 75 1.88 +0.563" 3
Total 82 142 1.73 £0.766 4

a, b: Different letters within a column mean significant differences (P < 0.05) among breeds; SD =

standard deviation

Table 4

OD values at days 35 and 65 after breeding by breed and number of lambs born in British Milk-
sheep and Lacaune breeds

Number of lambs Number OD; day 35 OD; day 65
of ewes Mean + SD Mean + SD
British Milksheep
1 5 0.74 £0.061 0.76 £0.061
2 11 0.72 £0.085 0.72+0.111
3 4 0.74 £0.055 0.72 £ 0.057
4 2 0.72 £0.058 0.66 +£0.023
Lacaune
1 9 0.64 +0.147 0.68 +£0.145
2 27 0.60+0.138 0.62+0.121
3 4 0.66 +0.122 0.74 £ 0.106
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Discussion

Testing for oPSPB by radioimmunoassay has been reported in the scien-
tific literature (Willard et al., 1995). This paper reports the use of an ELISA for
testing oPSPB during certain physiological conditions. The B6-HRP ELISA has
been used commercially for the detection of pregnancy through measurement of
the presence of oPSPB in serum.

All animals of this study were selected after pregnancy check by ultra-
sound. All (ultrasound-detected) pregnant ewes had positive ELISA blood sam-
ples and were successfully lambing. This indicates the high accuracy of detecting
pregnancy at the times of sampling.

The OD values for serum oPSPB increased from 35 days to 65 days when
the L ewes or all ewes were included in the analysis. This is in agreement with the
findings of earlier studies (Willard et al., 1995) where the change in oPSPB con-
centration from early to mid-pregnancy was presented and shown. Although the
BioPRYN ELISA test used in this study was a semi-quantitative test and did not
provide exact serum oPSPB concentrations, higher OD values refer to higher se-
rum concentrations. This is why OD values are acceptable for the evaluation of
correspondence among the different time points and breeds. The lack of difference
in OD between BM and TR cannot be readily explained; however, the first sample
was taken at 35 days which was only two days earlier than the time when concen-
trations were similar (37 to 120 days) in gestation by RIA (Willard et al., 1995).

Not surprisingly, all TR ewes lambed only one offspring and both BM (up
to 4) and L (up to 3) had increased numbers of multiple delivery. However, no
real differences were found in OD values among the ewes that lambed different
numbers of offspring (Table 4).

The OD value for oPSPB did not differ at either sampling time regardless
of the number of fetuses. This is in contrast to findings of Willard et al. (1995) in
sheep and Vasques et al. (1995) in cattle, stating higher serum PSPB concentra-
tions parallel with the presence of more fetuses. Wallace et al. (1997) found that
a greater placental mass in sheep was associated with increased circulating PSPB
concentration, because of the higher protein production of the binucleated cells
of the fetal placenta of cattle (Reimers et al., 1985) and sheep (Lee et al., 1986).

In summary, the detection of serum PSPB by ELISA technology is much
easier, safer and less expensive than by radioimmunoassay when testing for preg-
nancy. The data presented here show that the test is highly accurate and may be
used instead of RIA for the detection of ovine pregnancy. In addition, some breed-
related differences were detectable at 35 and 65 days post breeding, but no differ-
ences were found between pregnant ewes carrying different numbers of fetuses.

For investigating further the correlations between the number of fetuses
and serum oPSPB concentration, the authors plan to conduct examinations by a
recently developed MAB45-Biotin ELISA test in the future.
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