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ARTICLE INFO ABSTRACT
Keywords: The present study aimed to determine the diagnostic accuracy of the commercial Alertys OnFarm Pregnancy Test
Ewes (AOPT) based on pregnancy-associated glycoprotein (PAG) for early pregnancy diagnosis in ewes. A total of 100

Pregnancy diagnosis
Pregnancy-associated glycoprotein
Lateral flow assay

Enzyme-linked immunosorbent assay

multiparous Awassi ewes were synchronised for estrus and mated during the non-breeding season. Whole blood
samples were collected from the jugular vein of all ewes on days 21, 28, and 35 after mating. The AOPT was first
performed on the collected whole blood samples. Plasma PAG concentrations were then determined by Enzyme-
Linked Immunosorbent Assay (ELISA). Pregnancy diagnosis was made on the same days by transrectal ultraso-
nography (USG), which was accepted as the reference standard. The sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), and accuracy of AOPT compared to USG on days 21, 28, and 35
after mating were calculated. In addition, the diagnostic performance of plasma PAG concentrations for pre-
dicting pregnancy status was evaluated by determining cut-off values and conducting receiver operating char-
acteristic (ROC) curve analysis. When the results were examined, the sensitivity of AOPT was calculated as
77.55 %, specificity as 92.15 %, PPV as 90.47 %, NPV as 81.03 % and accuracy as 85.00 % at 21 days after
mating and showed strong agreement with transrectal USG (Kappa= 0.699; P < 0.001). In contrast, the sensi-
tivity (95.55 %) and accuracy (93.00 %) of AOPT on day 28 improved significantly, showing almost perfect
agreement with USG (Kappa= 0.859; P < 0.001). On day 35, AOPT achieved the highest diagnostic performance
compared to other pregnancy days with 100 % sensitivity, 96.49 % specificity, and 98.00 % accuracy (Kappa=
0.959; P < 0.001). Plasma PAG levels (OD) were significantly higher in pregnant ewes than in non-pregnant ewes
at all time points (P < 0.001). The optimal cut-off values for pregnancy detection were determined as > 0.28 on
day 21 (AUC= 0.941), > 0.48 on day 28 (AUC= 0.986), and > 0.43 on day 35 (AUC= 1.000). In conclusion,
AOPT can be considered a practical, rapid, and reliable method for early pregnancy detection in ewes, partic-
ularly from day 28 post-mating. However, possible false-negative results that may occur very early in pregnancy
and false-positive results due to embryonic loss later in pregnancy necessitate careful interpretation and, if
necessary, repeat testing or confirmation with USG.

Introduction identification of non-pregnant ewes at an early stage allows these ani-
mals to be resynchronised and mated or removed from the flock (De

The early and accurate detection of pregnancy in ewes is critical to Carolis et al., 2020). Thus, enterprise profitability can be increased by
improve reproductive management and flock productivity (Akbulut and shortening the lambing interval and optimising feed costs (Ali et al.,

Celik, 2021; Pickworth et al., 2020; Redden and Passavant, 2013). Rapid 2024; Goldansaz et al., 2022).
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Although approximately 30 different methods have been described
for the diagnosis of pregnancy in ewes, ultrasonography is the most
widely preferred method in the field (Ali et al., 2024; Jones and Reed,
2017). In particular, transrectal ultrasonography (USG) is considered to
be the gold standard for early pregnancy diagnosis in ewes as it allows
direct visualisation of the embryo and heartbeat (Karen et al., 2014;
Romano and Christians, 2008; Yadav et al., 2019). However, the re-
quirements for pregnancy examination with transrectal USG, such as
fasting the ewes for at least eight hours before, emptying their rectum,
and fixing them in the dorsoventral position (Allabban and Erdem,
2020), lead to significant negativities in terms of animal welfare. In
addition, although ultrasonography can be widely used in intensive and
well-equipped production systems, the requirement for high-cost
equipment, the need for experienced personnel, and the limited porta-
bility of the devices limit its practical applicability particularly in
extensive production systems and rural field conditions (Erdem et al.,
2020).

Recently developed chemical pregnancy tests, as an alternative to
conventional methods such as USG, stand out with their advantages,
including simplicity of use and not requiring costly equipment or special
training (Kline et al., 2024). These tests are based on the qualitative or
quantitative detection of pregnancy-specific biomarkers (progesterone,
interferon tau, pregnancy-specific protein B, pregnancy-associated gly-
coproteins etc.) in the maternal circulation (Ott et al., 2018). Among
these, pregnancy-associated glycoproteins (PAGs) are glycoproteins
belonging to the family of inactive aspartic proteinases that are syn-
thesised by trophoblast giant cells in the ruminant placenta and can be
detected in the maternal circulation from 18 to 20 days of pregnancy
(Adeyeye et al.,, 2021; Sousa et al., 2006). The development of
Enzyme-Linked Immunosorbent Assays (ELISA) to detect PAGs has
enabled this biomarker to be used effectively in pregnancy diagnosis (De
Carolis et al., 2020). It has been reported in many reports that preg-
nancies can be detected with high accuracy rates from 26 to 30 days of
pregnancy in cattle by looking at serum PAG levels (Akkose, 2023; Karen
et al., 2015; Kline et al., 2024; Northrop et al., 2019; Szenci, 2021). The
high structural similarity (70-80 %) of PAG molecules among ruminant
species (Roberts et al., 2019; Xie et al., 1991) has brought to the spot-
light that these tests developed for cattle can also be used effectively in
ewes. Indeed, many studies have shown that PAG-ELISA tests developed
for cattle can successfully diagnose pregnancies in ewes (Akkose, 2020;
Alkan et al., 2020; da Costa et al., 2017; De Carolis et al., 2020; Mous-
safir et al., 2018). However, PAG-ELISA pregnancy tests are still not
practical enough for routine use in ewes under extensive and rural
on-farm conditions due to the need for laboratory infrastructure and
sample processing. The main reason for this is that the tests can only be
performed with plasma or serum samples, and the preparation of these
samples requires equipment such as centrifuges, which are not usually
available under farm conditions. In addition, the ELISA method requires
specialised laboratory equipment, such as a microtiter plate reader for
optical density measurement, so these tests are mostly performed in
veterinary clinics or centralised laboratories (Mayo et al., 2016). All
these factors significantly limit the applicability of PAG-ELISA tests
directly under field conditions.

Recently, a PAG-based lateral flow (immunochromatographic)
pregnancy test kit has been developed that can provide results in
approximately 20 min directly with a few drops of whole blood sample
(Rial et al., 2024). This test enables pregnancy diagnosis in the field
without the need for laboratory equipment and stands out with its ease
of application. This commercial lateral flow test for pregnancy detection
in cattle (Alertys On-Farm Pregnancy Test [AOPT]) has attracted
attention with successful field trials in the cattle industry. Akkose (2023)
reported that AOPT showed an accuracy rate of 95.6 % on the 28th day
of pregnancy in Holstein cows. Similarly, Safak et al. (2025) emphasised
that this test offers high sensitivity and specificity in the diagnosis of
early pregnancy in cattle.

Considering the high structural similarity of PAG molecules in
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ruminant species and the results of existing reports, there is a strong
argument that the AOPT developed for cattle can detect pregnancy with
similar accuracy in ewes. However, to the best of our knowledge, the
efficacy of this test in ewes has not been systematically evaluated to
date, and validation studies are required for application in ewes. This
study aimed to evaluate the efficacy and diagnostic accuracy of AOPT in
the diagnosis of pregnancy on whole blood at 21, 28, and 35 days after
mating in ewes, using transrectal ultrasonography as the reference
standard.

Materials and methods
Ethical statement

This study was carried out with project-based authorization from the
Ministry of Agriculture and Forestry of the Republic of Tiirkiye (Permit
No: E-76063909-325.04.02-18663027), and all experimental proced-
ures were conducted in strict accordance with the Regulation on the
Welfare and Protection of Animals Used for Experimental and Other
Scientific Purposes, thereby ensuring animal welfare and public health
throughout the study period. Furthermore, the study protocol was
reviewed and approved by the Hatay Mustafa Kemal University Animal
Experiments Local Ethics Committee (Approval No: 2025/03-14). The
study was designed and conducted in accordance with the STARD
reporting standards for diagnostic accuracy studies (Bossuyt et al.,
2015).

Animals and estrus synchronisation

The study was carried out in Reyhanli, a district of Hatay Province
situated in the Southeastern Anatolia Region, during the non-breeding
season (April-June 2025). The area is located at 36°15'55.6308"N lati-
tude and 36°32'46.4424"E longitude, with an altitude of 148 m above
sea level.

The animal material used in the study consisted of 100 Awassi ewes
that were clinically healthy, 2-5 years old, 40-50 kg, postpartum 90
days completed, multiparous, with a documented history of normal
pregnancy and parturition in the previous breeding season, and no ev-
idence of reproductive disorders or infertility. The ewes were grazed on
natural pastures. No external roughage or concentrate feed was given
but they were given access to water ad libitum. For estrus synchroni-
sation, all ewes (n = 100) received intravaginal sponges (Esponjavet®,
Hipra, Spain) containing 60 mg medroxyprogesterone acetate (MAP) for
7 days. On the day the sponges were removed, 500 IU eCG (Oviser®,
Hipra, Spain) and 75 pg d-cloprostenol (Senkrodin®, Vetas, Tiirkiye)
were administered intramuscularly (Fig. 1) (Uyanik et al., 2024). From
the 24th hour (h) after the removal of the sponges, fertile rams (n = 10)
were added to the flock twice a day, and matings were followed. The
time of mating was considered day 0. Mating monitoring was terminated
at 72 h, and rams were isolated from the flock and not reintroduced to
ewes during the study period.

Diagnosis of pregnancy from whole blood samples

Blood samples were collected 21, 28, and 35 days after mating by
puncture of the jugular vein, and samples were collected in 6 mL
vacutainer tubes (Vacusera®, Disera, Tiirkiye) containing tripotassium
ethylenediaminetetraacetic acid (K3EDTA) (Fig. 1). A commercial
lateral flow assay (Alertys OnFarm Pregnancy Test, IDEXX Laboratories,
Westbrook, ME, USA, Cat. No. 98-26441-00) developed for pregnancy
detection from whole blood was used. According to the manufacturer's
instructions, four drops of whole blood and six drops of wash solution
were added to the well of the test cartridge. Then it was incubated for
approximately 20 min at room temperature (20°C-25°C). Following in-
cubation, a double line (C and T) on the test cartridge was considered
positive for pregnancy, and a single line (C) was considered negative
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Fig. 1. Experimental timeline illustrating the synchronization protocol and pregnancy diagnosis methods used in ewes. Intravaginal MAP sponge was inserted for 7
days, followed by administration of 75 pg PGFzoe and 500 IU eCG upon sponge removal to induce estrus. Natural mating was performed on Day 0. Pregnancy ex-
aminations were conducted on Days 21, 28, and 35 post-mating using an Alertys OnFarm Pregnancy Test (AOPT), PAG ELISA, and transrectal ultrasonography (USG).

Fig. 2. Photograph of lateral flow pregnancy test results from three ewes. The
test line (T) intensity may vary from dark to faint. The presence of a red or pink
test line of any intensity is interpreted as a positive pregnancy, while the
absence of a test line indicates a negative result. (A) Positive pregnancy; dark
test line, (B) Positive pregnancy; faint test line, (C) Negative pregnancy; no test
line visible.

(Fig. 2). Immediately after the completion of whole blood pregnancy
tests, blood samples were centrifuged at 3000 rpm for 10 min, and
plasma was separated to determine individual plasma PAG concentra-
tions by ELISA. Plasma samples were stored at —20°C until the time of
analysis.

Semiquantitative plasma PAG analysis

PAG levels in plasma samples were measured using a commercial
ELISA kit (Alertys Ruminant Pregnancy Test Kit, IDEXX Laboratories,
Westbrook, ME, USA, Cat. No. 99-41169) according to the manufac-
turer's instructions and as described in the literature (Roberts et al.,
2017). For analysis, 100 pL of plasma sample was taken onto anti-PAG
monoclonal antibody-coated microtiter plates, diluted with 25 uL of
sample diluent, and incubated at 37°C for 60 min. Post-incubation, the
plates were washed four times with washing solution, then 100 uL of
detection solution (anti-PAG antibody) was added and incubated at
room temperature (20°C-25°C) for 30 min. The washing procedure (4X)
was repeated after incubation, and 100 pL of conjugate solution (anti--
IgG horseradish peroxidase) was added, followed by incubation at room
temperature for another 30 min. The plate was then washed again (4X),
and 100 pL of substrate solution (3,3',5,5-tetramethylbenzidine) was
pipetted into all wells, followed by incubation at room temperature in
the dark for 15 min. Finally, 100 uL of stop solution was added, and the
absorbance values were measured at 450 nm using a microplate reader
(Erba Mannheim, Lisascan EM, Czech Republic). The optical density

(OD) value of each sample was calculated by subtracting the average OD
value of the negative control group from the sample OD value (S-N
method). Since the colour intensity obtained in the test was proportional
to the PAG concentration in the sample, the OD values were used as the
plasma PAG levels of the samples. For the positive controls, the intra-
plate and interplate coefficient of variation (CV) were 2.7 % and 6.3 %,
respectively.

Diagnosis of pregnancy by ultrasonography

Pregnancy diagnosis was performed by the single veterinarian using
transrectal USG on days 21, 28, and 35 post-mating. A portable, real-
time B-Mode ultrasonography device (SonoSite M-Turbo, Fujifilm,
USA) with a 5-10 MHz linear rectal probe was used for transrectal ex-
amination. The diagnosis of a positive pregnancy was based primarily on
ultrasonographic visualization of the corpus luteum (CL), embryonic
vesicle, amniotic fluid, embryo, and heartbeat (Fig. 3) (Crilly et al.,
2017). In addition to the presence of an embryo and anechoic fluid in the
uterus, especially on the 21st day after mating, special attention was
paid to the evaluation of the CL to increase the reliability of the diag-
nosis. First, the presence of CL was detected by scanning the ovaries with
B-mode ultrasonography; then, color Doppler was activated for a com-
plete CL assessment. The degree of luteal vascularization was scored
from 1 to 4 as 1 (0-25 %), 2 (26-50 %), 3 (51-75 %), and 4 (76-100 %)
according to the ratio of the luteal area containing colored pixels to the
CL, as described by Arashiro et al. (2018). Accordingly, ewes with at
least one CL with a vascularization score of > 2 were considered preg-
nancy positive, while those with no embryo and no CL were classified as
pregnancy negative. In addition, impaired integrity of the embryonic
membranes and absence of a heartbeat were considered embryonic
death (Kaulfuss et al., 1997; Rickard et al., 2017) and classified as
negative pregnancy.

Statistical analysis

The sample size of the study was calculated with G*Power software
version 3.1. It had resulted that the minimum number of ewes was 100,
considering a medium effect size of 0.57, an alpha value of 0.05, and a
power of 0.80.

The pregnancy results obtained from transrectal USG, which was
used as a reference test, were compared with the results of the AOPT Kkit.
The sensitivity, specificity, positive predictive value (PPV), negative
predictive value (NPV) and accuracy of the test were calculated. The
results of the test were determined as correct positive (Cp; USG result
pregnant, test result pregnant), false positive (Fp; USG result not preg-
nant, test result pregnant), false negative (Fn; USG result pregnant, test
result not pregnant) and correct negative (Cn; USG result not pregnant,
test result not pregnant). Using these data, test sensitivity [Cp/ (Cp + Fn)
% 100], specificity [Cn/ (Cn + Fp) x 100], PPV [Cp/ (Cp + Fp) x 1001,
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Fig. 3. Transrectal ultrasonographic images of pregnancy obtained on Days 21 (a), 28 (b), and 35 (c) after mating. The vascularized corpus luteum is marked with an
arrow (—), the embryo with an asterisk (*), and the embryonic vesicle with an arrowhead (a).

and NPV [Cn/ (Cn + Fn) x 100] were calculated. The effectiveness of
the test in diagnosing pregnancy was compared by calculating the ac-
curacy rates [(Cp + Cn)/ (Cp + Fp + Fn + Cn) x 100] (Safak et al.,
2025). In addition, the agreement between the reference method,
transrectal USG, and AOPT test was evaluated using the kappa test.
Kappa coefficients were classified as minimal (<0.20), weak
(0.21-0.40), moderate (0.41-0.60), strong (0.61-0.80), and excellent
(0.81-1.00) based on the level of agreement (McHugh, 2012).

Differences between PAG levels in groups determined according to
pregnancy status were determined using the Mann-Whitney U test for
each sampling day. After that, the receiver operator characteristics
(ROC) analysis was used to determine a predictive threshold with PAG
levels at Day 21, 28 and 35 for differentiation of the pregnancy status.
ROC curves for detection of pregnancy status were obtained for the PAG
levels at Day 21, 28 and 35. Sensitivity, specificity, 95 % confidence
interval (CI) and area under the curve (AUC) were calculated. If the
calculated P-values were less than 0.05, this was considered statistically
significant. Statistical analyses were performed using Stata 15.1 statis-
tical software (StataCorp, College Station, TX, USA).

Results
Diagnostic performance of AOPT

The diagnostic performance values of AOPT on days 21, 28, and 35
post-mating are summarized in Table 1.

Transrectal USG performed on the 21st day after mating revealed
that 49 ewes (49.00 %) were pregnant and 51 ewes (51.00 %) were not
pregnant. Forty-two positive pregnancies were detected with AOPT; 38
of them were correct and four were false. Of the 58 negative test results,

Table 1

The contingency, validity and reliability table for the evaluation of the diag-
nostic test characteristics of the Alertys OnFarm Pregnancy Test (AOPT) in
determining pregnancy status 21, 28 and 35 days after mating, considering
transrectal ultrasonography (USG) as the gold standard.

Parameters Day of pregnancy

21 28™ 35"
Correct positive (Cp) 38 43 43
False positive (Fp) 4 5 2
Correct negative (Cn) 47 50 55
False negative (Fn) 11 2 0
Sensitivity (%) 77.55 95.55 100.00
Specificity (%) 92.15 90.90 96.49
Positive predictive value (%) 90.47 89.58 95.55
Negative predictive value (%) 81.03 96.15 100.00
Accuracy (%) 85.00 93.00 98.00

Sensitivity [Cp/(Cp + Fn)]. Specificity [Cn/(Cn + Fp)]. PPV [Cp/(Cp + Fp)].
NPV [Cn/(Cn + Fn)].
Accuracy [(Cp + Cn)/(Cp + Cn + Fp + Fn)]. CI: 95 % Confidence interval.

47 were correct and 11 were false. These results showed that the
sensitivity of AOPT on the 21st day was 77.55 %, specificity was
92.15 %, accuracy was 85.00 %, PPV was 90.47 % and NPV was
81.03 %. According to these results, there was a strong agreement be-
tween transrectal USG and AOPT on day 21 (Kappa= 0.699; P < 0.001).

On the 28th day after mating, embryonic death was detected in four
ewes (8.16 %) (between days 21 and 28) by transrectal ultrasonography,
and as a result, the number of pregnant ewes decreased to 45 (45.00 %).
AOPT analysis revealed that 48 ewes were pregnant and 52 were not.
When the test results were compared with the transrectal USG findings,
it was determined that five of the positive pregnancies (48) were false
positives, and two of the negative pregnancies (52) were false negatives.
AOPT results were positive in all ewes (n = 4) that experienced em-
bryonic death, and this was the main cause of the false positives. Ac-
cording to these results, on day 28, the sensitivity of AOPT was 95.55 %,
specificity was 90.90 %, accuracy was 93.00 %, PPV was 89.58 %, NPV
was 96.15 %, and excellent agreement was found with transrectal USG
(Kappa= 0.859; P < 0.001).

By day 35 post-mating, two additional embryonic deaths (4.44 %)
(between days 28 and 35) were detected by transrectal USG, the number
of pregnant ewes reduced to 43 (43.00 %). AOPT analysis revealed that
45 ewes were pregnant, while 55 were not. Comparison of the test re-
sults with the transrectal USG findings revealed only two false positive
results, both corresponding to ewes experiencing embryonic death.
Thus, on day 35, the sensitivity of AOPT was noticed to be 100.0 %,
specificity was 96.49 %, accuracy was 98.00 %, PPV was 95.55 % and
NPV was 100.0 %. As a result of these values, excellent agreement was
found with transrectal USG (Kappa= 0.959; P < 0.001).

Plasma PAG concentrations

Plasma PAG (OD) levels were significantly higher in pregnant than in
non-pregnant ewes at all time points (P < 0.001). On day 21 post-
mating, mean PAG values in pregnant ewes were 0.43 4 0.02
compared with 0.25 £ 0.01 in non-pregnant ewes. Levels increased to
0.85 + 0.06 on day 28 and peaked at 1.65 + 0.10 on day 35, while non-
pregnant ewes remained consistently low (< 0.22) (Fig. 4). These mean
PAG values were calculated after excluding ewes that experienced em-
bryonic death to determine optimal diagnostic conditions.

The sensitivity, specificity, and AUC values for the diagnostic per-
formance of plasma PAG concentrations in detecting pregnancy in ewes
on days 21, 28, and 35 after mating are shown in Table 2 and Fig. 5. The
optimal cut-off values for distinguishing between pregnant and non-
pregnant ewes were determined to be > 0.28 ng/mL (day 21),
> 0.48 ng/mL (day 28), and > 0.43 ng/mL (day 35). The corresponding
sensitivity and specificity values were 91.84 % and 86.27 % on day 21,
93.33 % and 94.12 % on day 28, and 100.00 % for both on day 35. The
respective AUC values were 0.941, 0.986, and 1.000, respectively, and
were statistically significant (P < 0.001 for days 21 and 28; P = 0.998
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Fig. 4. The mean plasma concentration (O.D.) of pregnancy-associated glyco-
protein (PAG) in pregnant and non-pregnant ewes 21, 28 and 35 days after
mating. *There is a significant difference between the means of columns marked with
an asterisk (*) (P < 0.001).

Table 2

Receiver operating characteristic (ROC) curve analysis for the determination of
optimal cut-off values and corresponding area under the curve (AUC) with 95 %
confidence intervals (CI) of plasma pregnancy-associated glycoprotein (PAG)
concentrations (OD) as a predictor of pregnancy status in ewes on days 21, 28,
and 35 post-mating.
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rather than to perform statistical comparisons between subgroups. On
Day 21 of pregnancy, ewes yielding false positive results had PAG values
(0.386 + 0.031 OD) within the same general range as those of correctly
diagnosed pregnant ewes (0.428 + 0.023 OD), whereas animals with
false negative results (0.295 + 0.010 OD) showed PAG levels within the
range observed in non-pregnant ewes (0.254 + 0.007 OD). Similarly, on
Day 28 after mating, false positive ewes exhibited PAG concentrations
(0.567 + 0.069 OD) that fell within the lower range of pregnant ewes
(0.855 + 0.058 OD), while remaining above the typical values observed
in non-pregnant ewes (0.223 + 0.021 OD). Likewise, on the 35th day of
pregnancy, ewes with false positive results (0.663 + 0.008 OD) had PAG
levels higher than those of non-pregnant ewes (0.157 + 0.015 OD).

Discussion

The present study evaluated the efficacy and diagnostic accuracy of
AOPT, a PAG-based lateral flow test for early pregnancy detection in
ewes under field conditions. Our findings showed that the diagnostic
performance of AOPT increased progressively as pregnancy progressed
from day 21 to day 35 after mating. AOPT achieved an accuracy rate of
85.00 % by demonstrating moderate sensitivity (77.55 %) and high
specificity (92.15 %) on the 21st day after mating in ewes (Table 1).
These findings reveal that there is strong agreement between AOPT and
transrectal ultrasonography on day 21 post-mating (Kappa= 0.699;
P < 0.001) and that pregnancy status can be accurately determined in
the vast majority of ewes. However, 11 false negative results indicate

Table 3

Days  Parameters The results of the Alertys OnFarm Pregnancy Test (AOPT) test administered on
Threshold  Sensitivity (%95  Specificity (%95 AUC P-value different days of pregnancy (21st day, 28th day, and 35th day) showed that,
[¢)] cn when compared to transrectal ultrasonography, the mean + standard error of
915t < 0.28 91.84 86.27 0.941 <0001 the mean (SEM) optical density (OD) of plasma pregnancy-associated glyco-
(80.4-97.7) (73.7-94.3) protein (PAG) levels in the correct (Cp: correct positive, Cn: correct negative)
28th > 0.48 93.33 94.12 0.986 < 0.001 and false (Fp: false positive, Fn: false negative) diagnosis groups obtained by
(81.7-98.5) (83.7-98.7) transrectal ultrasonography (USG).
35th > 0.43 100.0 100.0 1 0.998
(91.7-100.0) (93.4-100.0) PAG level AOPT Results
(Mean+SEM, C G F F
oD) P n P n
for day 35). 21° Day 0.428 0.254 0.386 0.295
+ 0.023 + 0.007 + 0.031 + 0.010
(n=38) (n=47) n=4) (n=11)
Comparison between plasma PAG levels and AOPT results 28™ Day 0.855 0.223 0.567 0.367
+ 0.058 + 0.021 + 0.069 + 0.015
According to the AOPT results, individual plasma PAG levels (OD, . (n=43) (n=150) (n=5) (n=2)
mean + SEM) of ewes were evaluated descriptively according to preg- 35" Day 1.652 0.157 0.663 )
] ! ptively according 1o preg +0.096 £0.015 +0.008
nancy day and diagnostic outcome, and are presented in Table 3. These (n=43) (n = 55) (=2
values are shown to illustrate how correct and false test results relate to
the underlying circulating PAG concentrations measured by ELISA,
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Fig. 5. Receiver operating characteristic (ROC) curves illustrating the diagnostic performance of plasma PAG concentrations for pregnancy detection in ewes on (a)

Day 21, (b) Day 28, and (c) Day 35 after mating.
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that some pregnant ewes cannot yet be reliably detected during this
period. This situation may be due to the fact that low plasma PAG
concentrations in the early stages of pregnancy in some ewes in our
study population cannot be detected by AOPT. Indeed, in our study, the
average plasma PAG level (0.295 + 0.010 OD) of ewes with false
negative results was remarkably lower than the level (0.428 + 0.023
OD) of ewes with correct positive results, which supports this possibility
(Table 3). On the other hand, Barbato et al. (2009) reported that preg-
nancy diagnosis is possible from the 18th day based on PAG concen-
trations in ewes; however, due to individual differences in PAG
concentrations in pregnant ewes during this period, the highest accuracy
can be achieved from the 24th day onwards. In line with our results,
Steckeler et al. (2019) reported that the highest number of false negative
results in PAG-based pregnancy test in ewes was observed on the 21st
day after mating, but that these false negative results were minimised by
the 35th day. The researchers explained this situation by the low PAG
concentrations exhibited by pregnant ewes in the early stages, which
increase as pregnancy progresses and thus reach detectable levels in test
kits.

The sensitivity of AOPT increased significantly 28 days after mating,
reaching 95.55 % and providing an overall accuracy of 93.00 %. During
this period, only two false negative results were detected, which pro-
vided a significant improvement in NPV compared to day 21 (Table 1).
This finding indicates that by the fourth week of pregnancy, the majority
of pregnant ewes have reached a sufficient level of PAG concentration in
the circulation (Rovani et al., 2015) and only a limited number of
pregnancies cannot be detected at this stage. Consistent with our results,
previous studies have reported that PAG-based pregnancy tests can
detect pregnancy in ewes on day 28 post-mating with a sensitivity of
92.68-100.0 % (da Costa et al., 2017; Karen et al., 2003; Steckeler et al.,
2019). However, although there was an increase in the sensitivity and
NPV values of AOPT on day 28 compared to day 21, a slight decrease
was observed in the specificity and PPV rates. This decrease was due to
the five false positive results obtained by AOPT on day 28. When the five
ewes with false positives were examined individually, it was determined
that four of them were ewes that had experienced embryonic death
between days 21 and 28. When the plasma PAG concentrations of these
ewes were evaluated on day 28, the mean value was found to be 0.567
+ 0.069 OD, which was similar to that of pregnant ewes (0.855 + 0.058
OD) (Table 3). This situation reveals that false positive results are caused
by PAG levels remaining in maternal circulation after embryonic death.
Indeed, it has been reported in numerous studies that PAGs secreted by
trophoblasts can remain in the maternal circulation for approximately
one week after embryonic death and may temporarily cause positive
results despite pregnancy failure (Akkose, 2023; Andrade et al., 2025;
Garbayo et al., 2008; Safak et al., 2025; Sousa et al., 2006). This finding
reveals a known limitation of PAG-based tests and emphasises the need
for careful interpretation of test results, especially in individuals who
have recently experienced embryonic loss.

When the 35th day after mating was reached, AOPT achieved an
almost perfect accuracy rate of 98.00 %, with 100.0 % sensitivity and
96.49 % specificity (Table 1). During this period, all previously unde-
tected pregnancies were correctly identified, with only two false positive
results observed. It was determined that all of these false positive results
were due to embryonic deaths occurring between days 28 and 35. The
findings indicate that AOPT can reliably confirm pregnancy in ewes
approximately four weeks after mating and that its performance be-
tween days 28 and 35 was in excellent agreement with transrectal USG
(Kappa= 0.859; 0.959; P < 0.001). The increase in NPV from 81.03 %
on day 21-100.0 % on day 35 is particularly important in terms of
reproductive management. This means that a negative AOPT result after
approximately five weeks can indicate with almost complete certainty
that the ewe is not pregnant.

Overall, our results are largely consistent with those reported by the
test kit manufacturer and previous reports in cattle. In dairy cattle,
Akkose et al. (2023) reported that AOPT provided 100.0 % sensitivity
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and 93.10 % specificity with 95.60 % accuracy between days 28 and 31
after insemination and showed excellent agreement with USG (Kappa=
0.907; P < 0.001). Similarly, Safak et al. (2025) found that USG showed
significant agreement with AOPT in cows four weeks after insemination,
with high sensitivity (92.40 %) and acceptable specificity (80.00 %)
(Kappa= 0.735; P < 0.001). While these studies show that AOPT is
effective in early pregnancy detection in cattle, to our knowledge, no
study has been reported on its application in ewes. Therefore, it is not
possible to directly compare our results. However, when compared with
the results of similar PAG-based pregnancy tests used in ewes, our results
show high consistency. The findings show that plasma PAG levels of
pregnant ewes increase significantly from the 3rd week after mating,
and the difference with non-pregnant ewes expands as pregnancy pro-
gresses (Fig. 4). This trend has been similarly reported in many previous
studies, where PAG concentrations have been reported to differ signif-
icantly between pregnant and non-pregnant ewes as pregnancy pro-
gresses (Akkose et al., 2022; Akkose et al., 2024; De Carolis et al., 2020;
El Amiri et al., 2007; El Amiri et al., 2015; Rovani et al., 2015; Steckeler
et al, 2019). In the current study, the accuracy rate of pregnancy
diagnosis based on PAG levels increased significantly as pregnancy day
progressed (Table 2). Using the optimal cut-off value determined on day
21 (>0.28 OD), the test sensitivity was 91.8 % and its specificity was
86.3 %; On the 28th day (>0.48 OD), sensitivity increased to 93.3 % and
specificity to 94.1 %. A more pronounced differentiation was observed
on the 35th day of pregnancy, with a cut-off value of > 0.43 OD,
resulting in both sensitivity and specificity of 100 % (Fig. 5). This sug-
gests that PAG-based tests can be used for screening in the early stages,
but the highest accuracy is achieved in the later weeks of pregnancy.
Similarly, Steckeler et al. (2019) reported that pregnancies in ewes can
be detected with high accuracy on day 35 after mating using the
PAG-ELISA test. On the other hand, Rovani et al. (2015) reported that
serum PAG concentrations in ewes exceeded the cut-off value from day
28 after mating and reached continuously detectable levels in all preg-
nant ewes on day 33. In addition, many researchers have reported that
PAG concentrations clearly distinguish pregnant animals from those in
the 4th to 5th weeks of pregnancy, and that diagnostic performance
reaches its highest level during this period (Akkose et al., 2024; Barbato
et al., 2009; Karen et al., 2003; Milisits-Németh et al., 2018; Rovani
etal., 2015; Steckeler et al., 2019). da Costa et al. (2017) found that the
visual PAG-ELISA test provided 100.0 % sensitivity, 93.80 % specificity,
and 98.46 % accuracy on day 30, which closely matches our findings.
Similarly, Rovani et al. (2015) reported that the PAG-ELISA test could
detect pregnancies with 96.10 % accuracy, with 93.50 % sensitivity and
98.90 % specificity on day 33 of pregnancy, in a study evaluating the
effectiveness of the PAG-ELISA test in ewes. Therefore, this study dem-
onstrates once again that PAG can be detected early in the maternal
circulation, but its diagnostic value increases significantly with the
progression of pregnancy.

In addition to diagnostic accuracy, the real impact of any pregnancy
diagnosis method in small ruminant production systems is determined
by its economic feasibility, logistical requirements, and compatibility
with routine farm conditions (Satici and Ozyurtlu, 2024). In this context,
the AOPT offers a highly practical alternative to USG, particularly in
rural or resource-limited areas. While USG requires specialized equip-
ment, trained personnel, and additional labor, the AOPT can be applied
using only a few drops of whole blood with minimal operator training,
providing important practical advantages. The main innovation of this
test lies in its ability to work directly with whole blood, thereby elimi-
nating the serum or plasma preparation and laboratory analysis steps
required for conventional PAG-ELISA tests (Mayo et al., 2016).

Numerous alternative approaches have been investigated for early
pregnancy diagnosis in small ruminants based on currently available
biomarkers, including P4, interferon-stimulated genes (ISG), miRNAs,
and various metabolomic and proteomic markers (Karen et al., 2003;
Zhai et al., 2023; Lazim et al., 2025; Gozer et al., 2025). However, each
of these approaches has important limitations. P4-based early pregnancy
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diagnosis may yield false-positive results in cases such as persistent
corpus luteum or luteal cysts (Ganaie et al., 2009). Moreover, the
requirement to measure P4 in serum or plasma rather than whole blood
markedly reduces the practical applicability of this method under field
conditions (Karen et al., 2003; Roberts et al., 2017). Similarly, ISG,
miRNA, and metabolomic/proteomic-based approaches are not yet
suitable for routine field application because they require advanced
laboratory infrastructure and have not been sufficiently validated (Zhai
et al., 2023; Lazim et al., 2025; Gozer et al., 2025). In contrast, PAGs,
owing to their trophoblast origin and pregnancy-specific nature in ru-
minants, provide high diagnostic reliability; furthermore, their struc-
tural similarity among species allows the same tests to be used across
different ruminant species (Xie et al., 1991; Mayo et al., 2016; Steckeler
et al., 2019). In addition, the commercial availability of PAG-based tests
and their validation in numerous field studies (Karen et al., 2015;
Steckeler et al., 2019; Akkose, 2023; Safak et al., 2025) make these
biomarkers a practical and reliable option for field applications.

From an economic point of view, the unit cost of transrectal USG in
Tiirkiye is approximately 6-8 USD per ewe. However, this value may
vary regionally depending on travel expenses, operator availability, and
equipment depreciation. In contrast, the unit cost of the AOPT used in
this study is approximately 10 USD per animal. At first glance, this
suggests a modest direct cost advantage in favor of USG. Nevertheless,
this simple comparison does not fully reflect the true economic context.
USG requires expensive equipment, trained personnel, and longer ex-
amination times per animal (Gonzalez-Bulnes et al., 2010). All of these
factors substantially increase indirect and fixed costs, particularly in
extensive flocks or in rural areas. By contrast, the AOPT represents a
method that requires minimal labor and capital investment, provides
high throughput, offers a fixed and predictable cost per test, and allows a
large number of animals to be screened rapidly under farm conditions
(Safak et al., 2025). PAG-ELISA and other laboratory-based biomarker
tests (P4, miRNA etc.) may appear cheaper per test when only reagent
costs are considered. However, these methods generate additional costs
and logistical burdens related to sample collection, transportation, lab-
oratory infrastructure, and the time required to obtain results. This
considerably reduces their practicality and competitiveness under field
conditions (Mayo et al., 2016; Akkose, 2023; Safak et al., 2025). In
contrast, although the unit cost of the AOPT is higher than that of USG,
the operational simplicity, time savings, and reduced labor requirements
it provides under farm conditions make it, in many cases, a more rational
option in terms of total application cost. Nevertheless, it should be noted
that the AOPT has certain limitations. At very early stages of pregnancy,
low circulating PAG concentrations may lead to false-negative results.
Conversely, embryonic losses occurring at later stages may result in
residual PAG remaining in the maternal circulation and potentially
cause false-positive results. These limitations indicate that AOPT results,
especially in early pregnancy, should be interpreted with caution.

Finally, the present study has several limitations that should be
considered. First, the animals were not followed until parturition;
therefore, final birth outcomes could not be used as a reference to
confirm the early pregnancy diagnosis results. Although transrectal USG
is a well-known and reliable reference method (Ganaie et al., 2009;
Yadav et al., 2019; Satic1 and Ozyurtlu, 2024), the lack of follow-up until
parturition prevented the evaluation of possible fetal losses that may
have occurred after the last examination. Second, the number of fetuses
was not recorded in this study. Since it is known that PAG concentrations
are influenced by fetal number (Wallace et al., 2015; Alkan et al., 2020),
this prevented an assessment of whether the diagnostic performance of
the AOPT varied according to litter size. On the other hand, a detailed
cost-benefit analysis to reveal the true economic impact of the methods
under field conditions was not performed in this study. Therefore, future
studies are recommended to be designed not only to include follow-up of
animals until parturition, recording of litter size, and direct comparison
of diagnostic results with actual birth outcomes, but also to incorporate
comprehensive economic analyses in which total application costs and
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operational benefits of diagnostic methods are evaluated together across
different production systems. Such studies are expected to provide more
comprehensive and applicable data regarding the field use of the AOPT
in the early pregnancy diagnosis of ewes.

Conclusion

In conclusion, commercial AOPT developed for cattle appears to be
an effective and practical tool for early pregnancy detection in ewes.
AOPT, which enables fast and reliable pregnancy testing on the farm,
especially from 28 days after mating, can contribute to producers
making timely and informed reproductive management decisions.
However, since false negatives due to insufficient PAG concentrations
during early pregnancy and false positives due to embryonic deaths in
later stages may occur, test results should be interpreted with caution.
Therefore, repeated testing when necessary and the use of USG to
confirm embryonic viability may be appropriate. Finally, further studies
are needed to investigate the efficacy of AOPT in different production
systems and larger study populations.
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