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Evaluation of a bovine pregnancy-associated glycoprotein enzyme-linked
immunosorbent assay Kit for serological diagnosis of pregnancy in sheep

Avaliacdo de um kit de ensaio imunoenzimaitico na deteccio de glicoproteinas associadas
a prenhez bovina para o diagndstico sorologico de gestacio em ovinos
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ABSTRACT

Pregnancy diagnosis is an important tool for
farm management. Ultrasonography is the main technique
used for pregnancy diagnosis in ewes. As an alternative,
radioimmunoassay (RIA) allows accurate and early detection
of pregnancy-associated glycoproteins (PAGs) in sheep blood.
However, radioactive-based techniques, as RIA, have been
increasingly inadvisable due to environmental risk. Homology
between ovine and bovine PAGs is high, and ELISA kits used
for PAGs detection in cattle are safer than RIA. Thus, this study
aimed to evaluate the feasibility of PAGs detection for pregnancy
diagnosis in sheep serum samples using an ELISA kit produced for
cattle. The sensitivity and specificity of the ELISA kit were 93.5%
and 98.9%, respectively, whereas positive and negative predictive
values were 99.0% and 93.1%, respectively, in comparison to
ultrasonography diagnostic (control). PAGs reached consistently
detectable concentrations in ovine serum around 33 days after
mating. Accuracy of the ELISA test was 96.1% from 33 days
of pregnancy until lambing. After parturition, PAGs were still
detectable seven days post-lambing. However, from 21 days post-
parturition, PAGs from the previous pregnancy were no longer
detected in serum samples. In conclusion, the bovine ELISA kit
can accurately detect pregnancy in sheep 33 days following
mating, while PAGs levels from the previous gestation are no
longer detected from 21 days post-partum. The evaluated ELISA
test is a reliable tool for pregnancy diagnosis in sheep at random
stages and as a complementary exam at early gestation.

Key words: pregnancy-associated glycoproteins, ewe, pregnancy
blood test, ELISA kit.

RESUMO

O diagndstico de gestagdo é uma ferramenta importante
no manejo da propriedade. A ultrassonografia é a principal técnica

utilizada no diagnostico de prenhez em ovelhas. Como alternativa,
o radiomunoensaio (RIA) permite acurdcia e a detec¢do precoce
de proteinas associadas a prenhez (PAGs) no sangue. No entanto,
as técnicas radioativas, como o RIA, tém sido cada vez mais
desaconselhaveis, devido ao risco ambiental. A homologia entre
PAGs de ovinos e bovinos é alta, e os kits de ELISA utilizados para
a detec¢do de PAGs em bovinos sdo mais seguros do que RIA.
Portanto, este estudo teve como objetivo avaliar a viabilidade de
detec¢do de PAGs no soro ovino para diagnostico de gestagdo em
soro ovino, utilizando um kit de ELISA produzido para bovinos. A
sensibilidade e a especificidade do kit de ELISA foram de 93,5% e
98,9%, respectivamente, enquanto que os valores preditivos positivo e
negativo foram de 99,0% e 93,1%, respectivamente, em comparagdo
com a ultrassonografia (utilizada como referéncia). As PAGs atingiram
concentragoes consistentemente detectdveis no soro ovino em torno
de 33 dias apos o acasalamento. A acurdcia do teste de ELISA foi
de 96,1% a partir de 33 dias de gestagdo até o parto. As PAGs ainda
eram detectaveis sete dias pos-parto. No entanto, a partir de 21 dias
apos o parto, as PAGs da prenhez anterior ja ndo eram detectadas no
soro. Em conclusdo, o kit de ELISA bovino pode detectar a prenhez
com precisdo em ovelhas a partir de 33 dias apos o acasalamento, e os
niveis de PAGs da gestagdo anterior ndo sdo detectados a partir de 21
dias pos-parto. O teste de ELISA avaliado é uma ferramenta confiavel
para o diagnostico de gestagdo em ovelhas em estagios aleatorios e
como exame complementar no inicio da gestagdo.

Palavras-chave: glicoproteinas associadas a gestagdo, ovelha,
teste sanguineo de prenhez, kit de ELISA.

INTRODUCTION

Pregnancy diagnosis in small ruminants
has been ordinarily performed by abdominal or
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rectal ultrasonographic examination, providing high
accuracy. However, errors in detecting pregnancy by
transrectal or transabdominal ultrasonography can
occur, since diagnosis depends on several factors
including fetal position, gestational stage and transducer
characteristics (KAREN et al., 2004; GANAIE et al.,
2009). Therefore, it would be beneficial to examine
alternative methods of pregnancy diagnosis in the
form of placental proteins detectable by blood analysis
(SOUSA et al., 2006; EL AMIRI et al., 2007).

Pregnancy-associated glycoproteins (PAGs)
were characterized as major proteins secreted by
ruminant trophoblast cells throughout pregnancy. PAGs
are structurally and immunologically similar in sheep and
cattle (XIE et al., 1991) with several isoforms already
identified at the second trimester of pregnancy in
cattle (KLISCH et al., 2005). Bovine and ovine cDNA
encoding PAG-1 have 86% similarity in nucleotide
sequences and results in encoded proteins which
differ in only 2 amino acids (XIE et al., 1991). There
are numerous isoforms of PAGs produced from ovine
placenta (e.g., ovPAG-55, 57, 59, 60, 61 and 65),
which were identified at random stages of pregnancy
and used to develop PAGs-based assays with placental
antigens from ewes (XIE et al., 1997; EL AMIRI et al.,
2003; EL AMIRI et al., 2004). These studies involving
sheep PAGs were based on radioimmunoassay (RIA),
a radioactive technique (DE SOUSA et al., 2003;
KAREN et al., 2003). However, RIA applicability in
laboratorial routine is increasingly constrained, due to
the risk of environmental impact.

Commercial enzyme-linked immunosorbent
assay (ELISA) kits with high sensitivity and
specificity for detection of pregnancy in cattle serum
samples are currently available (PIECHOTTA et al.,
2011). Recently, an ELISA kit and a near-infrared
reflectance spectroscopy (NIRS) test were developed
for early diagnosis of pregnancy in small ruminants
(ANDUEZA et al., 2014). However, these options
are scarce and not commercially available in
several countries.

The aim of this study was to test a
commercially available ELISA kit (produced for cattle
PAGs detection) as a new option for pregnancy diagnosis
in early, middle and final gestational stages of sheep,
using serum samples. Additionally, PAGs clearance in
serum samples post-lambing were determined.

MATERIAL AND METHODS
Experiment 1

This experiment was designed to test
the suitability of a commercial ELISA kit (IDEXX

Laboratories Inc., Westbrook, Maine, USA) produced
for bovine PAGs detection as an alternative to
pregnancy diagnosis in sheep, using blood serum
samples. Corriedale ewes and Ile de France x Texel
crossbred ewes (n=203) at random stages of the estrous
cycle or at different stages of pregnancy were used.
These animals were grazed on good quality pasture with
water ad libitum on four farms in Southern Brazil. All
ewes were examined for pregnancy by transabdominal
and/or transrectal ultrasonography in a standing and/or
sitting position to obtain a definitive diagnosis, using a
6-MHz linear-array transducer (Aquila Vet scanner, Pie
Medical, Netherlands). Blood samples were collected
from the jugular vein immediately after examination for
PAGs detection.

Experiment 2

The aim of this experiment was to
determine at which moment the PAGs reach detectable
concentrations in sheep serum after mating. Texel
ewes were managed under similar conditions to
that described in Experiment 1. Nine non-pregnant
ewes, confirmed by ultrasonographic examination,
in good body condition (3 on a 5-point scale), kept
away from rams for the past sixty days, were selected.
Estrus was synchronized by insertion of intravaginal
sponges containing 62.5mg medroxyprogesterone
acetate (Purifarma, Brazil) for 11 days. At the time
of sponge removal, the ewes were treated with eCG
(200IU, i.m., Novormon, Intervet, Brazil). One ram
of proven fertility was introduced to the flock after
sponge withdrawal. Ewes were allowed to mate
naturally under field conditions and were checked for
mating daily for three days. All ewes were examined
for pregnancy twice by transrectal ultrasonography,
as mentioned previously, around Day 35 and Day
55 post-mating. Blood samples were collected from
pregnant ewes (n=5) after mating at the following
intervals: 18-20, 21-22, 23-24, 26-28, 33-35, 62-64,
95-97, and 127-129 days. Serum samples from non-
pregnant animals (n=4) collected at interval of 18-20
days after mating were used as negative controls for
ELISA tests.

Experiment 3

In order to check PAGs levels from the
previous gestation after lambing, six pregnant
ewes from the same flock as Experiment 2, which
were accompanied until parturition, were chosen.
Considering the day of lambing as day zero, blood
samples were collected at Days 0, 7, 21, 30 and
45 to determine the pattern of PAGs levels post-
lambing. Serum samples from non-pregnant ewes
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were used as negative controls for ELISA tests, as
described in Experiment 2.

Blood sampling

Blood samples (4ml) were withdrawn
from the jugular vein into vacuum serum tubes and
allowed to clot for 30min at room temperature before
centrifugation at 1.500g for 10 min. Serum was placed
into cryogenic vials, frozen, and stored at -20°C until
assayed for PAGs concentrations.

PAGs immunoassay

Concentrations of PAGs in sheep serum were
detectedusingacommercial ELISAkitdeveloped for catile
(IDEXX Bovine Pregnancy Test, IDEXX Laboratories
Inc., Westbrook, Maine, USA). ELISA conditions were
designed to detect the early presence of PAGs in bovine
serum or EDTA treated bovine plasma as a marker for
pregnancy in cattle. According to the manufacturer
instructions, a microtiter plate format has been configured
by coating an anti-PAGs antibody onto the plate. After the
incubation of the test sample in the coated well, captured
PAGs is detected with a PAGs-specific antibody (detector
solution) and horseradish peroxidase conjugate (HRPO
conjugate). Unbound conjugate is washed away and
TMB (3.3’, 5,57 -tetramethylbenzidine) substrate is added
to the wells. Color development is proportional to the
amount of PAGs in the sample.

The optical density (OD) was quantified
by Biotek ELX800 at 650nm wave length. In the case
that OD values from each sample minus negative
control mean (NCx) were equal or greater than 0.300
the ewe was considered pregnant and less than 0.300
not pregnant. In addition, NCx must be less than or
equal to 0.150 and positive control mean (PCx) minus
the NCx must be greater than or equal to 0.300.

Analysis of data

Ultrasonographic examination was used as
standard test to proof ELISA efficiency. For this purpose,
data were arranged as follows: correct positive diagnosis
(cp), false positive diagnosis (fp), correct negative
diagnosis (cn), and false negative diagnosis (fn). From
these data, sensitivity (100xcp/cp+fn), specificity
(100xcn/en+p), positive predictive value (100xcp/

cptp), negative predictive value (100xcn/cn+fn) and
accuracy (100xcp+cn/all) were calculated. The PAGs
concentrations were expressed as non-transformed
means =+ the standard error.

RESULTS

Experiment 1

ELISA kit was efficient for pregnancy
diagnosis at random stages of gestation in sheep.
ELISA kit sensitivity was 93.5%, specificity
was 98.9%, positive predictive value (PPV) was
99.0%, negative predictive value (NPV) was
93.1% and accuracy was 96.1%, when compared to
ultrasonographic results (Table 1).

Experiment 2

All of the nine ewes submitted to the hormonal
protocol were detected in estrus and were naturally
mated in a period of 72 hours after sponge removal. Five
ewes were pregnant, as confirmed by ultrasonographic
examination at Days 35 and 55 after mating, and kept
gestation until lambing. As shown in figure 1A, PAGs
reached detectable concentrations in ovine serum
around the thirty-third day after mating, since all serum
samples from the five ewes confirmed as pregnant by
ultrasonographic examination had an OD>0.300 in
PAGs-detection ELISA test from Days 33-35 after mating
until Days 127-129. Serum samples from non-pregnant
ewes (n=4; negative controls) demonstrated OD<(0.300 in
PAGs-detection ELISA test (OD -0.00575+0.002).

Experiment 3

After parturition, PAGs were still detectable
(OD>0.300) at Day 7 post lambing. However, from
Day 21 after parturition onwards, PAGs from the
previous pregnancy were no longer detected in serum
samples (Figure 1B and 1C). The concentration of
PAGs from mating until Day 65 after parturition in the
serum from a representative ewe is shown in figure 1C.

DISCUSSION

Our results showed that the ELISA test
developed for bovine PAGs detection can be applied

Table 1 - Contingency table comparing pregnancy diagnosis by PAGs detection in serum samples (ELISA kit) and ultrasonographic

examination in ewes.

Pregnant by ultrasonography Non-pregnant by ultrasonography Total
Pregnant by ELISA 101 1 102
Non-pregnant by ELISA 7 94 101
Total 108 95 203
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Figure 1 - Serum concentration (expressed as optical density)
of PAGs in ewes along pregnancy and postpartum
period by ELISA kit detection. (A) Mean (+SEM)
serum concentration of PAGs in ewes along
pregnancy (n=5; solid arrows). (B) Mean (+SEM)
serum concentration of PAGs in ewes (n=6) at 0,
7, 21, 30 and 45 days after lambing (solid arrows).
(C) Serum concentration profile of PAGs in a
representative ewe during pregnancy and postpartum
period. Solid bullets indicate each measurement
of pregnant animals along time. PAGs assay cut-
off values to diagnose pregnant ewes was of 0.300

Optical Density (OD).

for serological pregnancy diagnosis in sheep, with
high sensitivity and accuracy. Although ELISA kits
for bovine pregnancy diagnosis by PAGs detection
are commercially available (PIECHOTTA et al.,
2011), for sheep these kits are scarce and not

commercially available in several countries. ELISA
test is a valuable alternative to ultrasonography
and can also be used as a complementary exam.
An advantage of ELISA test relies on the fact that
collection, storage and transport of serum samples
from the farm to the laboratory do not require any
form of advanced technology.

Currently, RIA is the most widespread
technique to detect PAGs in serum and milk, both
in cattle and sheep (RANILLA et al., 1994; SOUSA
et al., 2002; DE SOUSA et al., 2003; KAREN et
al., 2003; EL AMIRI et al., 2007). This technique
presents high sensitivity and specificity (100% and
99.2%, respectively) in diagnosing pregnancy, as
demonstrated at Day 29 of pregnancy (KAREN et al.,
2003). However, there are restrictions and specific
conditions for manipulation of radioactive substances,
including structural laboratory requirements.
Additionally, radioactive residues are potentially
dangerous for people and environment in which it
comes in contact. In this context, the ELISA test is
safer than RIA and it can be performed in standard
laboratories removing the unfavorable and harmful
restrictions linked to RIA.

In the present study, sensitivity and
specificity of bovine ELISA kit tested for sheep
serum samples were 93.5% and 98.9%, respectively.
Sensitivity was slightly lower, while specificity was
higher than that expected for bovine serum samples
(99.3% and 93.8%), according to the manufacturers
information. Accuracy found using sheep serum
samples for pregnancy diagnosis by ELISA test were
close to those reported by transrectal ultrasonography
during a period between 25 to 50 days of gestation
around 87% sensitivity and 96% specificity
(BUCKRELL et al., 1986; GEARHART et al., 1988).

Ultrasonographic accuracy varies with the
ultrasound equipment features, gestational period of
the ewes and animal’s position during examination
(KAREN et al., 2004; GANAIE et al., 2009). KAREN
et al. (2004) reported the sensitivity of 21.8 to 63.3%
of the transrectal ultrasonography between 18 to 50
days of pregnancy. The same authors demonstrated
that fasting prior to scanning and lifting the abdomen
during the exam increased the diagnosis sensitivity.
These variations are concerns for ultrasonographic
diagnosis in the field, and PAGs detection method
may help increasing accuracy in some occasions.
Nonetheless, transrectal ultrasonography is more often
recommended at early stages of gestation (ROMANO
& CHRISTIANS, 2008) while, as pregnancy advances,
with the growth of the fetus in the abdominal cavity,
a transabdominal exam is more suitable (GANAIE
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et al,, 2009). In the present study, transrectal and
transabdominal ultrasonography in a standing or sitting
position were performed to obtain the final diagnosis.

Based on the findings of the current study,
ELISA kit developed for bovine PAGs detection is
suitable for accurate pregnancy diagnosis in sheep at
33 days post-mating. In contrast, it was previously
demonstrated that RIA for ovine PAGs detection
allowed pregnancy diagnosis from 22 days following
artificial insemination (KAREN et al., 2003). These
discrepant results may be a consequence of different
sensitivities and/or different isoforms of PAGs detected
by the assays. Furthermore, it is important to highlight
that in the present study pregnancy diagnosis was
performed 35 and 55 days after mating and that the
variation observed in PAGs levels before day 35 may
be related to embryo losses. Earlier ultrasonographic
examinations would allow evaluate this hypothesis.

The fact that PAGs were no longer detected
21 days after lambing is in accordance with the
previously reported postpartum half-life of 4.5 days
of these glycoproteins in the ewe (HAUGEJORDEN
et al., 2006). Furthermore, the present findings are in
agreement with other studies that showed basal levels
of PAGs at the fourth week postpartum (RANILLA
et al., 1994; RANILLA et al., 1997). As observed
in bovine species, PAGs residues from the previous
gestation do not present a problem for pregnancy
diagnosis in ewes, with respect to the period necessary
for postpartum resumption of cyclicity. However, in
specific conditions, residual PAGs may confound
pregnancy diagnosis after fetal loss and abortion,
inducing false-positive diagnosis, although this needs
further investigation.

CONCLUSION

Commercial ELISA kit developed and
available for pregnancy diagnosis by bovine PAGs
detection also detects ovine PAGs from Day 33 post-
mating. PAGs levels from the previous gestation are
no longer detected from 21 days postpartum. The
sensitivity and specificity of the ELISA kit allows
its use as an effective and complementary tool for
reproductive management in sheep flocks.
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