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Abstract
The objective of this study was to determine the efficacy of the Fassisi®BoviPreg visual test kit (Fassisi®BoviPreg) in deter-
mining early pregnancies in cows by measuring the pregnancy-associated glycoprotein (PAG) in whole blood and blood serum.
The study was conducted on 50 cows, the artificial insemination (AI) dates of which were designated as day 0. Pregnancy
diagnosis was performed with transrectal ultrasonography (USG), and serum samples were simultaneously collected and used
with Fassisi®BoviPreg to determine pregnancies on 30 days after AI. The results of the Fassisi®BoviPreg test on serum and
whole blood samples, respectively, on 30 days after AI were as follows: sensitivity, 61.54% and 50.0%; specificity, 79.17% and
75%; accuracy, 70.0% and 62.0%; positive predictive values, 76.2% and 68.4%; negative predictive values, 65.5% and 58.1%;
false-positive diagnoses, 23.8% and 31.6%; and false-negative diagnoses, 34.5% and 41.9%. On day 50 after AI, sensitivities
were 63.64% and 50.0%, specificities were 100.0% and 100.0%, and accuracies were 75.0% and 65.62% in serum and whole
blood, respectively. Higher pregnancy rates were obtained using Fassisi®BoviPreg in cows with ≥ 5 ng/mL P4 (P < 0.001). In
conclusion, the results from the Fassisi®BoviPreg tests on cows on 30 and 50 days after AI showed that the use of blood serum is
more accurate and suitable than that of whole blood. The results also showed a higher confidence level in specificity 50 days after
AI.
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Introduction

Pregnancy detection in the early stages after artificial insemi-
nation (AI) is important for the future economy of cattle
breeders. The determination of open (non-pregnant) cows,
which can reveal problems such as disease and bad nutrition,
can help provide suitable treatments and is a highly econom-
ical practice in dairy herds. There are many methods for diag-
nosis of pregnancy in cows. Estrus observation, rectal palpa-
tion, and ultrasonography (USG) are generally used as

examination methods by which to determine pregnancies in
cows. Some of the molecules related to pregnancy in cows are
interferon-stimulated gene (ISG), progesterone (P4), and
pregnancy-associated glycoproteins (PAGs) (Lucy et al.
2011). Laboratory tests such as for milk/blood PAGs,
plasma/serum P4 levels, early pregnancy factors, and
pregnancy-specific protein B (PSPB) are the methods by
which to clinically diagnose pregnancy (Balhara et al. 2013,
Fricke et al. 2016).

PAGs are inactive aspartic proteases produced and secreted
by placental binuclear cells and detected in maternal circula-
tion on days 24–25 of gestation (Zoli et al. 1992, Telugu et al.
2009). The biological function of PAGs is not completely
clear; however, they are used to determine pregnancies in
cows, ewes, and other ruminants because of placental-
specific secretions (Gabor et al. 2007). Bovine PAGs are more
localized in trophoblast binuclear cells in caruncular epithelial
cells (Zoli et al. 1992). PAG and PAG-like proteins are pro-
duced from cow placenta on day 25 of gestation. Zoli et al.
(1991) have suggested that these proteins can be used to
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determine pregnancy and embryonic loss. PAG concentrations
were determined as 1.5, 1.9, and 2.2 ng/mL on days 33, 34, and
44 after AI, respectively (Piechotta et al. 2011). In cows for
which a miscarriage (embryo loss) had been determined, PAG
concentration was < 2.5 ng/mL (Piechotta et al. 2011).

This study for the first time was aimed at determining the
efficacy of a visual commercial test kit (Fassisi®BoviPreg)
using PAG in whole blood and blood serum to determine
pregnancy at 30 and 50 days after AI in cows under field
conditions in Turkey.

Material and methods

The present study was conducted with approval from Kafkas
University Ethical Committee, Kars, Turkey (KAU-
HAYDEK 2015-110).

Animals

Fifty clinically healthy primiparous cows (18 Simmental and
32 Brown Swiss) 3–5 years old were used in this study. The
body condition score (BCS) of each cowwas assessed accord-
ing to a 5-scale system developed by Edmonson et al. (1989).
The mean milk yield per day was 15–20 L in Simmental cows
and 10–15 L in Brown Swiss cows.

The cows were fed twice a day just before milking with a total
mixed ration (TMR) that was prepared using feed-mixing ma-
chines. TMR comprised a concentrated feed with 18% crude pro-
tein providing 2750 kcal/kgmetabolic energy and also hay, trefoil,
and corn silage as crude feed. Salt (0.5%) was added to TMR and
water was provided ad libitum to all animals during the study.

Procedures

Blood samples from the AI cows were collected from the vena
coccygea into tubes with or without heparin 30 and 50 days
after AI. USG using the SonoSite Titan® ultrasound machine
(SonoSite, Inc., Bothell, WA, USA) was used on 30 and 50 days
after AI to monitor the cows’ pregnancy. The pregnancies were
also simultaneously assessed using Fassisi®BoviPreg (Fassisi,
Gesellschaft für Veterinardiagnostik und Umweltanalysen
mbH, Göttingen, Germany) from whole blood according to the
manufacturer’s instructions under field conditions (15–30 °C)
just after USG examination.

The blood samples in the empty tubes were centrifuged at
3000 rpm for 10 min to obtain the serum. The serum samples
were transferred into microcentrifuge tubes and stored at −
20 °C until use in P4 analysis. Simultaneously, the pregnancy
status of the cows was immediately determined from serum
samples using Fassisi®BoviPreg to compare the results from

those using whole blood samples. The pregnancy status was
determined as either pregnant or open from the serum and
whole blood samples. In addition, miscarriage was determined
using USG between 30 and 50 days after AI.

Progesterone levels from the serum samples were deter-
mined by electrochemiluminescence immunoassay (ECLIA)
using the Test Roche E170 as described by Kaya et al. (2017).
The lower detection limit of progesterone was 0.03 ng/mL.
The intra-assay and interassay coefficients of variation of pro-
gesterone were 0.7% and 1.8%, respectively.

Statistical analyses

Statistical analyses of the data were conducted using SPSS v.
18.0 (SPSS Inc., Chicago, IL, USA). The results of the hor-
mone analyses were determined as the mean ± standard devi-
ation. Serum P4 levels in the cows were compared using
Student’s t test. Pregnancy rates were compared using the
chi-squared test. Results of P < 0.05 were considered statisti-
cally significant.

The results of current study were formulated according to
the literature as follows (Sinedino et al. 2014, Karen et al.
2015, Commun et al. 2016):

Sensitivity = number of correct pregnancies using Fassisi
®

BoviPreg / number of truly 

pregnant cows (determined using USG) x 100.

Specificity = number of correct open cows determined using Fassisi
®
BoviPreg /

number of truly nonpregnant cows number (determined using USG).

Positive predictive value (PPV) = number of pregnancies correctly determined using 

Fassisi
®

BoviPreg / all pregnancies (USG + Fassisi
®
BoviPreg) x 100.

Negative predictive value (NPV) = number of open cows correctly determined using 

Fassisi
®

BoviPreg / all open cows (USG + Fassisi Kit) x 100.

Accuracy = all true results using Fassisi
®

BoviPreg (true pregnancies + open) / all 

determinations x 100.

Results

A 52% (26/50) pregnancy rate was determined during the
transrectal USG examination 30 days after AI. The sensitivity
percentages from serum and whole blood were 61.54% and
50.00%, respectively, 30 days after AI. The specificity rate
from serum was 79.17%; that from whole blood was
75.00% (Table 1). In addition, the sensitivity rates from serum
and whole blood 50 days after AI were 63.64% and 50.00%,
respectively. The specificity rate from serum and whole blood
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was 100.00% for each. The accuracy rates from serum and
whole blood 30 and 50 days after AI are provided in Table 1.
Table 2 also lists the PPV, NPV, false-negative, and false-
positive rates for the serum tests 30 days after AI.

The mean P4 level in pregnant cows was 8.3 ± 3.2 ng/mL;
that in non-pregnant cows was 2.5 ± 3.1 ng/mL (P < 0.001).
P4 levels in the pregnant Simmental and Brown Swiss cows
were 7.8 ± 1.8 and 10.3 ± 4.3 ng/mL, respectively (P > 0.05).

Fassisi®BoviPreg used to determine P4 levels resulted in a
high pregnancy rate in cows with ≥ 5 ng/mL P4 30 days after
AI (P < 0.001) but a lower rate in cows with < 5 ng/mL P4
(Table 3).

The sensitivity and specificity results from the
Fassisi®BoviPreg tests on whole blood and serum comparing
P4 levels 30 days after AI are provided in Table 4.

The differences in the sensitivity results between the
Simmental and Brown Swiss cows are shown in Fig. 1. The
sensitivity rate from serum was 93.33% in the Simmental
cows and 27.27% in the Brown Swiss cows. The sensitivity
rate from tests on whole blood was 66.67% in the Simmental
cows and 27.27% in the Brown Swiss cows.

The specificity rates from tests on serum and whole blood
30 days after AI was 66.67% in the Simmental cows and
80.95% in the Brown Swiss cows.

The sensitivity rate from the serum of cows with BCS ≥ 3
was 83.33% but was 12.50% for cows with BCS < 3 using the
same parameters. The specificity rates for cows with BCS ≥ 3
or BCS < 3 were 100.00% and 75.00%, respectively. The ac-
curacies of the tests were 86.36% and 57.14% for cows with
BCS ≥ 3 or < 3, respectively (Fig. 2).

It was determined that whole blood sensitivity 30 days after
AI was 56.56% in cows with BCS ≥ 3 and 37.50% in cows
with BCS < 3. Using the same parameters, the specificities
were 75.00% in both groups. The accuracy rates for cows with
BCS ≥ 3 or < 3 were 59.09% and 64.29%, respectively
(Fig. 3).

USG conducted 50 days after AI determined that four em-
bryos (two from each breed) were lost (15.4%) in the 26 cows
for which USG had determined a pregnancy 30 days after AI.

Discussion

Because cattle breeding is an economical issue, the sensitivity
for detecting open cows is more important (a true determina-
tion of pregnant cows) than the specificity (a true determina-
tion of non-pregnant cows) (Giordano et al. 2013). Test kits
used to determine open cows within an early period should
have sensitivity rates of 94.00% on day 24 and 96.00% on day
31 after AI to predict an economical value in the dairy industry
(Giordano et al. 2013). It is well known that 32 days after AI in
cows is the best time to determine pregnancies when consid-
ering PAG levels (Ricci et al. 2015). Ricci et al. (2015) have
found that sensitivity and specificity were 100.00% and
87.00%, respectively, in PAG-positive cows 32 days after
AI. The accuracy rate was 92.00% in this same study.
LeBlanc (2013) has pointed out a 99.20% sensitivity and
95.50% specificity in the study conducted based on PAG
levels in milk. In cows whose PAG levels were determined
with ELISA between 31 and 35 days after AI, sensitivity,
specificity, PPV, NPV, and accuracy rates were 98.70%,
88.10%, 83.70%, 99.10%, and 92.20%, respectively. In the
present study, the sensitivity and specificity rates obtained
using the visual Fassisi®BoviPreg were relatively low com-
pared with those in previous studies.

Serum PAG concentrations can be affected by breed dif-
ferences. PAG concentrations in Boran and Boran x Holstein-
Friesian cows crossbred during pregnancy are different
(Lobago et al. 2009). In pregnant cows, the mean concentra-
tion of blood PAG was 9.50 ± 5.33 ng/mL on day 31 of ges-
tation. Pohler et al. (2016a) have also indicated that serumTable 1 Sensitivity and specificity rates in cows evaluated 30 days after

artificial insemination

Parameters Day of pregnancy Serum Whole blood

Sensitivity (%) 30 61.54 50.0

Specificity (%) 79.17 75.0

Accuracy (%) 70.0 62.0

Sensitivity (%) 50 63.64 50.0

Specificity (%) 100 100

Accuracy (%) 75.0 65.62

Table 2 Serum and whole blood positive identification, negative
identification, false-positive, and false-negative rates 30 days after
artificial insemination in cows

Parameters Day 30

Serum (%) Whole blood (%)

Positive predictive value 76.2 68.4

Negative predictive value 65.5 58.1

False positive 23.8 31.6

False negative 34.5 41.9

Table 3 Comparison of serum progesterone (P4) levels and pregnancy
rates with the Fassisi®BoviPreg test kit in sera 30 days after artificial
insemination in cows

P4 (ng/mL) Pregnancy rate (%) P value

1–5 25.0 < 0.001
> 5 76.9

P4 progesterone

Trop Anim Health Prod (2021) 53: 28 Page 3 of 6 28



bPAG concentration was 15.11 ± 9.92 ng/mL on day 28 in
Nelore cows. In the present study, using Fassisi®BoviPreg,
P4 levels 30 days after AI were higher in the pregnant cows,
and there was a statistical difference in these levels between
pregnant and non-pregnant cows. In addition, the P4 levels in
the pregnant Brown Swiss cows were higher than those in the
pregnant Simmental cows; this difference was also statistical-
ly significant. These findings are consistent with those of other
studies on the effect of breeds on PAG concentration (Pohler
et al. 2016b). Similar accuracy rates have been determined
with analyses of bovine PSPB and bovine PAG in pregnant
cows 33 and 34 days after AI; however, the determination of
non-pregnant cows was more difficult than that of pregnant
cows (Szenci et al. 1998).

Pohler et al. (2016b) have not determined any relationship
between body weight and PAG concentration in cows. They
have assessed a 12.00% embryonic loss between days 31 and
59 of pregnancies using USG. PAG concentration in pregnant
cows from days 31 to 59 after AI was 9.58 ± 0.31 ng/mL on
day 31, but PAG concentration in cows that had miscarried
during that same period was only 4.15 ± 0.33 ng/mL. The
embryonic loss increased to day 59 of gestation when the
PAG levels on day 31 of gestation were low; however, these
same findings were not confirmed from day 59 of gestation to

parturition. Although the mean PAG concentration on day 24
of gestation was 3.06 ± 0.49 ng/mL, that in open cows was
0.94 ± 0.16 ng/mL; the difference was statistically significant.
In pregnant cows, PAG concentration on day 31 of gestation
was 9.06 ± 4.48 ng/mL and P4 concentration was 8.01 ±
4.61 ng/mL. In a study conducted on dairy cows, PAG levels
were related to P4 concentrations as long as gestation contin-
ued (Barbato et al. 2013). In the present study, the high per-
centage of pregnancy detection using visual PAG kits in cows,
which had higher P4 concentration during gestation, might be
associated with resuming their embryo viability and increas-
ing of PAG secretion.

Breukelman et al. (2012) have not found a relationship
between late embryonic loss and P4 concentration but have
shown a positive correlation between the health of the embryo
and PAG concentration in the blood. On the contrary,
Starbuck et al. (2004) have determined a relationship between
the P4 concentration at week 5 of gestation and the health of
the embryo in dairy cows. Embryonic loss that was detected in
the present study was believed to be related to PAG concen-
tration, which peaked on 30 days after AI and suddenly de-
creased at day 50 of gestation when a miscarriage had
occurred.

93.3

27.3

66.7

27.3

0

20

40

60

80

100

Simmental Brown Swiss

Se
ns

iti
vi

ty
 (%

)

Serum

Whole blood

Fig. 1 Sensitivity rates (%) of serum and whole blood according to breed
differentiation in Simmental and Brown Swiss cows 30 days after
artificial insemination
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Fig. 3 Whole blood sensitivity and specificity ratio (%) according to
body condition score (< 3 and ≥ 3) 30 days after artificial insemination

Table 4 Comparison of serum progesterone (P4) levels with parameters
determined by the Fassisi®BoviPreg test kit in sera 30 days after artificial
insemination in cows

Parameters P4 (ng/mL)

Serum Whole blood

0–5 > 5 0–5 > 5

Sensitivity rate (%) 66.66 60.0 50.0 55.0

Specificity rate (%) 77.77 83.33 70.0 83.33

Accuracy rate (%) 75.0 65.38 66.66 61.54
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It was determined that there was no relationship between
PAGs and BCS in beef cows (Kiracofe et al. 1993).Moreover,
a negative correlation between PAG and BCS concentration
was detected in dairy cows; PAG concentration decreased
while BCS increased (Ricci et al. 2015, Stratman et al.
2016). In another study, it was pointed out that there were
no changes in statistical significance in the PAG concentra-
tions in primiparous ormultiparous cows among high, normal,
and low BCS (Mercadante et al. 2016). In the present study,
the rates of sensitivity, specificity, and accuracy in serum was
higher in cows with BCS ≥ 3, while the sensitivity rate in
whole blood was higher in cowswith BCS ≥ 3. The specificity
and accuracy rates in whole blood were not changed by the
BCS values. According to the results from the present study,
we believe that the use of visual PAG test kits, such as
Fassisi®BoviPreg, have some advantages for determining
pregnant and non-pregnant cows from serum samples, espe-
cially for those with higher BCS values.

Conclusion

We believe that the use of blood serum might be more effi-
cient than that of whole blood in a visual PAG kit, such as
Fassisi®BoviPreg, and that there is a higher confidence level
for specificity values obtained on day 50 of gestation in either
serum or whole blood using Fassisi®BoviPreg to determine
pregnancies on day 30 or 50 after AI. In addition, we suggest
that the test results might be different in different cattle breeds,
given that the sensitivity rate in the blood of Simmental cows
was higher than that in Brown Swiss cows. Additional more
detailed studies should be conducted on Fassisi®BoviPreg
when used to determine early pregnancies in cows.
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