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Abstract

The aim of this study was to compare the accuracy of bovine pregnancy-associated glycoproteins (bPAG) and bovine pregnancy-specific protein B
(bPSP-B) tests with transrectal ultrasonography (TRUS) for early pregnancy diagnosis in dairy cows. The study was carried out on 58 Holstein cows.
Blood and milk samples were collected on days 20, 25, 28, 30, 32 and 40 following artificial insemination (Al). TRUS was performed on all cows on days
30 and 40 following Al. The positive predictive values for bPAG-serum and bPAG-milk tests were 100% on days 28 and 30. For bPSP-B tests, positive
predictive values were 93.7% and 100% on days 28 and 30, respectively. The Kappa test revealed a high agreement between TRUS and the three
tests on days 28 and 30 with the values of 0.954 and 0.946 (P<0.001), respectively. Specificity was found to be 100% for bPAG-serum and bPAG-milk,
and 96.7% for bPSP-B on day 28. Sensitivity values were calculated as 94.1% and 93.8% for bPAG-serum and bPSP-B, respectively. The area under
ROC curve was between 0.967 and 0.991 for on day 28 following Al. In conclusion, all three tests were found to be reliable methods for pregnancy
diagnosis in cows on days 28 and 30 following Al. However, test results may give false positive values in case of embryonic deaths.
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Erken Gebelik Teshisi Amaciyla Sigir Gebelik iliskili Glikoprotein (bPAG-
Serum ve Siit) ve Sigir Gebelik Spesifik Protein B (bPSP-B) Testlerinin
Birbirileriyle ve Transrektal Ultrasonografik Bulgularla Karsilastirilmasi

Oz

Bu calismanin amaci, siit ineklerinin erken gebelik tanisinda sigir gebelik iliskili glikoproteinlerin (bPAG) ve sigir gebelik spesifik protein B (bPSP-B)
testlerinin transrektal ultrasonografiyle (TRUS) dogrulugunun karsilastirilmasidir. Arastirma 58 adet Holstein ineginde gerceklestirildi. Suni
tohumlamayi (Al) takiben 20, 25, 28, 30, 32 ve 40. glinlerde kan ve siit 6rnekleri toplandi. TRUS, Al'yi takiben 30. ve 40. giinlerde tiim ineklerde yapildi.
bPAG-serum ve bPAG-slit testleri icin pozitif prediktif degerler, 28 ve 30. Guinlerde %100 idi. bPSP-B testleri icin, pozitif prediktif degerler sirasiyla 28
ve 30. Glinlerde %93.7 ve %100 idi. Kappa testi TRUS ile 28 ve 30. glinlerde yapilan Ug test arasinda sirasiyla 0.954 ve 0.946 (P<0.001) degerlerinde
ylksek bir mutabakat oldugunu ortaya koymustur. Spesifiklik, bPAG-serum ve bPAG-siti icin %100 ve bpsp-B icin 28. Glinde %96.7 olarak bulundu.
Duyarlilik degerleri, bPAG-serum ve bPSP-B icin sirasiyla %94.1 ve %93.8 olarak hesaplandi. ROC egrisi altindaki alan Al'yi takip eden 28. glinde 0.967
ile 0.991 arasinda idi. Sonug olarak, ¢ testinde Al sonrasi 28 ve 30. glinlerde ineklerde gebelik tanisinda guivenilir ydntemler olarak kullanilabilecegi
tespit edildi. Bununla birlikte, test sonuglari embriyonik 6lim durumunda yanlis pozitif degerler verebilir.

Anahtar sézciikler: Gebelik tanisi, Sigir, Gebelik iliskili glikoprotein, Gebelik spesifik protein-B, ELISA
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INTRODUCTION

In cows, it is important to diagnose early pregnancy,
especially on farms where oestrus is not well-monitored "2,
In general, even though transrectal palpation and ultra-
sonographical methods are applied for the detection of
pregnancy, ultrasonographical methods have been shown
to be more successful ®'the main diagnostic methods used
for reproductive control in cattle included rectal palpation,
inspection of vaginal discharge and vaginoscopy. Since
the 1990 s, the use of ultrasound (US. In one study, it
was determined that when ultrasonographic controls
were compared with progesterone (P,), bovine pregnancy-
specific protein B (bPSP-B) and bovine pregnancy-associated
glycoprotein 1 (bPAG-1), there was indeed no difference
between those three methods. When heart rate was used
as a parameter during ultrasonography, it was determined
that significantly fewer pregnancies were verified by
ultrasonography than with the two tests .

Trophoblast binuclear cells synthesize proteins during
early pregnancy. bPAG or bPAG-1 and bPSP-B participate
in the circulatory system. bPSP-B is identified as a foetal
protein while PAG is identified as placenta specific protein.
This molecule is present in the maternal circulation and
can reliably be determined on days 29 and 30 following
insemination. It was reported that both factors (bPAG
1; bPSP-B) could be determined in the serum of some
pregnant cows on days 15 to 22 following insemination,
but more reliable results were determined on days 28 to 30
following conception ™,

It was determined based on the results obtained from the
comparison of transrectal ultrasonography (TRUS) with
both RIA ¥ and ELISA P! tests, that the bPSP-B test can be
used for the diagnosis of pregnancy. There is also evidence
that the bPSP-B can be measured until 70-100 days after
parturition due to the persistence of postpartum high
peripheral concentrations ™.

The aim of this study was to determine, during the here
observed period, on which day highest levels of the bPAG-
Serum, bPAG-Milk and bPSP-B serum tests can be measured
in pregnant and non-pregnant cows. Furthermore, which
of these three tests is the most accurate and suitable
for determination of early pregnancy. We also aimed to
determine the statistical reliability of the cut-off points
(ideal test values) determined in the tests according to
Youden J index in the early stages of pregnancy.

MATERIAL and METHODS

Animals

In the study, 58 clinically healthy Holstein cows, from five
different commercial dairy farms were used. The study
was performed with blood and milk samples sent from
these farms. The average age of the animals studied was

between 3 and 7 years and the average milk yield ranged
from 6000 to 8000 L in one lactation. On all farms where
the study was conducted, the animals were housed in a
free system and all were fed with the same food (Corn
silage, hay, green grass, TMR, admixture of minerals and
vitamins). Cows were housed in free stall barns and had ad
libitum access to feed and water.

Transrectal Ultrasonography (TRUS) and Test Groups

Transrectal ultrasonography was carried out in order to
diagnose pregnancy on days 30 and 40 after insemination
by using a portable scanner (B-Mode, 5.0 to 7.5 MHz,
linear probe, ECM IMAGO®Veterinary; Angouleme/France).
Animals were furthermore determined to be pregnant
or non-pregnant on day 40 by using the ELISA test kits
for the bPAG-milk tests and for measurement of bPAG,
bPSP-B samples. The samples collected until the 28" day
were compared with ultrasonography results on day 30.
Comparisons on day 40 were made to determine whether
the pregnancy was continued and to reaffirm the diagnosis
in cows previously determined to be non-pregnant.

When pregnancies where assessed by ELISA on day 30 but
not determined by ultrasonography on day 40, animals
were allocated to the group of animals diagnosed as
pregnant on day 30.

When cows were examined as not being pregnant on day
40, but pregnancy had been determined by using TRUS
on day 30, this was diagnosed as embryonic death. These
animals (n=9) were not taken into the statistical evaluation.

The following groups were formed after evaluation of the
obtained blood and milk samples (N=49): A=PAG-Serum
(PAG-S; N=49); B=PAG-Milk (PAG-M; N=49); C=PSPB-Serum
(PSPB-S; N=49)

Collecting Blood and Milk Samples

Blood and milk samples were collected (v. jugularis) from
each animal on days 20, 25, 28, 30, 32 and 40 following
insemination (day 0).

Blood and milk samples were then brought to laboratory
within 2 h under cold chain Serum was obtained by
centrifugation of blood samples at 1500 X g for 10 min.
Milk samples were centrifuged at 4800 X g for 20 min
to obtain skimmed milk and were stored at -20°C until
analyses. The laboratory staff was blinded to the results of
the TRUS exams.

Bovine Serum PAG, Milk PAG and Serum PSP-B ELISA
Analysis

Sandwich ELISA test (IDEXX Bovine Pregnancy Test Ref 99-
41169 Lot. E171, One IDEXX Drive, Westbrook, ME, USA;
IDEXX Milk Pregnancy Test Ref 99-41209 Lot. E881, One
IDEXX Drive, Westbrook, ME, USA; BioPRYN test Lot No:
5P106, Biotracking LLC, Moscow, ID, USA) was performed
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for the measurement of serum bPAG; milk bPAG; and
serum bPSP-B. The tests were carried out in accordance
with the directives of the manufacturers. The washing
steps were performed using an automated microtiter
washer (MW-12A Microplate washer, Mindray, Shenzhen,
China); analysis results (as optical density) of the samples
were obtained using a microtiter plate reader (MR-
96A Microplate reader, Mindray, Shenzhen, China). Test
results were calculated according to the manufacturer’s
instructions and expressed as sample-negative (S-N) (all
optical densities of the animals were subtracted from
the optical density of the negative control). For bPAG
serum samples >0.300 optical density was assessed as
pregnancy positive (pregnant), and <0.300 optical density
as pregnancy negative (not pregnant). The intra- and
inter-assay coefficients of variation (CV) were 4.2% and
8.8%, respectively. For bPAG milk samples >0.150 OD was
evaluated as pregnancy positive (pregnant), and <0.100
OD as pregnancy negative (not pregnant). The results,
which ranged between 0.100 and 0.150, were considered
uncertain. The intra- and inter-assay coefficients of variation
(CV) were 3.2% and 9.6%, respectively. And for PSP-B, the
testresults were evaluated as>0.2100D pregnancy positive
(pregnant); OD between 0.135 and 0.210, uncertain; and
<0.135 OD pregnancy negative (not pregnant). The intra-
and inter-assay coefficients of variation (CV) were 2.6%
and 5.4%, respectively.

Statistical Analyses

Statistical evaluations were performed using SPSS (version
17 for Windows, SPSS Ltd, Hong Kong). Crosstabs were
used for specificity, sensitivity, false negative and false
positive calculations. The Chi-Square test was used to
compare percentages. The significance of the intersection
value, which was obtained by defining Roc-Curve and
the Area under Roc-Curve, was demonstrated. Normality
and homogeneity of groups were determined by the
Shapiro-Wilk test. The Kruskal-Wallis test was used to
identify potential differences. Due to the relatively small
sample numbers, a non-parametric Mann-Whitney U test
was performed for comparisons between groups (i.e.,
treatment vs. control). Mean values and standard deviation
were determined by descriptive calculation. Estimates
of the agreement between TRUS and PSP-B results
were determined by Kappa values and 95% confidence
intervals (95% Cl) were also determined. Differences were
considered statistically significant when P<0.05.

RESULTS

Transrectal ultrasonography examinations performed
on the days 30" and 40™; cows (n=9) who were found to
be pregnant on the 30% day but not on the 40™ day were
evaluated as embryonic death was occurred.

In bPAG-Serum test, positive values were obtained in 8

cows (88.9%) whereas negative values were obtained in 1
cow (11.1%) on day 28. In bPAG-Milk positive values in 7
cows, and negative values in two animals were obtained
whereas in bPSP-B test, positive values in 7 cows, uncertain
valuesin 1 cow and negative valuesin 1 cow were obtained.
TRUS findings obtained on day 30 were mostly found to
be in agreement with bPAG-serum findings (positive in
8 cows, negative in one cow). After ultrasonographical
detection of embryonic deaths in 9 cows, both positive
and negative results could be obtained from all three tests
on day 40; in 44.4% of cases the bPSP-B test results were
false positive, in 77.7% the bPAG-Serum test and in 44.4%
the bPAG-Milk test.

On day 25 of pregnancy, positive results obtained by TRUS
could be confirmed by the bPSP-B-serum test in 42.4% of
cases, by the bPAG-Serum test in 90.6% of cases and by
using the PAG-Milk test in 78.1% of cases. On days 28 and
30, bPAG-serum and bPAG-milk tests showed a 93.7% and
100% accordance with TRUS, respectively. From day 40
on, more than 93% of results were in accordance with the
TRUS results, in all tests evaluated.

Negative test results obtained by measurement of bPAG
in serum and milk on day 20, could be confirmed by TRUS
in 100%. On day 25 and 28, the accordance with TRUS was
94.1%, and increased to 100% later on with the bPAG-
serum test. In bPAG-milk test, the accordance remained
the same with 94.1% from day 25 to 40. With the bPSP-B-
serum test, the accordance was 94.1% on day 20, 88.2%
on day 25 and 30, 94.1% on day 32 and 100% on day 40
(Table 1).

Similarly, the measure of agreement calculations made
with the Kappa statistical test showed that the accordance
with TRUS was highest with the bPAG-Serum and -Milk test
on day 28 (both 0.954; P<0.001). With the bPSP-B Test, the
highest accordance was found on day 30 (0.946; P<0.001)
(Table 2).

With bPAG-serum and -milk tests, a specificity of 94.1%
and 100 % could already be determined on day 25 and
28, respectively; whereas with bPSP-B test a specificity of
>90% was only detectable from day 28 (Table 3).

As to the bPAG-serum test, the ideal cut-off points
according to Youden J index of the statistical test results
calculated with ROC-Curve was determined to be 0.865 on
day 28, with a 100% of positive results. Sensitivity of the test
was 1.0 and the specificity value was 0.059. The area under
the curve value of 0.974 indicated that the test was reliable
(P<0.001). Likewise, the ideal cut-off point for bPAG-milk
was 0.2695 and the sensitivity of the test was 1.0; and the
specificity value was 0.059 (P<0.001). The area under the
curve value was 0.991, indicating that the test was reliable
(P<0.001). The bPSP-B test was also found reliable on day
28 (cut-off point: 0.21; sensitivity: 0.938; specificity value:
0.059; Area under the curve: 0,967; P<0.001) (Table 4).
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Table 1. Positive and negative pregnancy detection rates with the ELISA test (bPAG-Milk, bPAG-Serum, bPSPB-Serum)

Table 2. Measure of Agreement (Test/TRUS. Kappa) Test D I SCU SSIO N

It has great importance to diagnose early pregnancy in
order to increase the production volume of livestock
sector. This will also lead to increased profitability and
rural development ., bPAG produced in the ruminant
trophoblast cells can be detected in the blood of pregnant
cows .. Similarly, serum concentration of bPSP-B can be
measured to determine early bovine pregnancy by using
an ELISA test ® and a bPAG-milk test has been developed
to assess early pregnancy by using milk, which can be
collected more easily than serum .,

In this study, three tests (bPAG-Serum, bPAG-Milk and
bPSP-B-Serum) were performed in order to determine
early pregnancy in cows. The aim was to assess the rate of
positive and negative test results between days 20 and 40
of pregnancy, and to determine the earliest day, on which
each test can be used with sufficient reliability.

Embryonic deaths were detected in 9 cows during TRUS
examinations performed on day 40; although pregnancy
was detected in these cows by TRUS on day 30, this could
not be confirmed on day 40. When all early results of the
three ELISA tests were compared with the laboratory test
results obtained on day 28 and TRUS findings obtained on
Kappa value as a measure of agreement between TRUS and ELISA day 30, the bPAG-Serum test was 100% compatible with

Table 3. The specificity and sensitivity values of all tests examined (by days)
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Table 4. The Cut-off Values calculated by ROC curve results, sensitivity, specificity and significance (AUC) of obtained values

Test Cut-off Point (J index) Sensitivity Specificity AUC*
bPAG-Milk 0.2695 1.0 0.059 0.991
bPAG-Serum 0.865 1.0 0.059 0.974
bPSPB-Serum 0.21 0.938 0.059 0.967
* Area under the Curve

the TRUS findings. The other tests were found to be 88.9%
compatible with TRUS on day 28. In cows, embryonic
deaths is frequently seen until day 45 of pregnancy . It
is known that uncertain or negative test results can be
caused by embryonic death. It has also been reported that
false positive findings can be obtained due to embryonic
mortality ©. In the present study, in case of embryonic
death, reliability of TRUS was greater. Even though no
embryo was detected in TRUS controls performed on day
40, false positive results were obtained in bPSP-B test,
bPAG-serum test and bPAG-milk in 44.4%, 77.7% and
44.4% of cases, respectively.

In this study, it was determined that in case of normal
pregnancies, positive results obtained with bPSP-B serum
ELISA on day 25 correlated with positive TRUS findings
in 42.4% of cases; this percentage was 90.6 with the
bPAG-serum test and 78.1 with the bPAG-milk test, which
increased on days 28 and 30 to 100%; whereas with the
bPSP-B test a 100% was not reached before day 30.

In case of negative pregnancies on day 20, compliance
between bPAG serum and milk ELISA results, and TRUS
findings was 100%, and 94.1% on the other days. With
bPSP-B serum ELISA, this percentage only ranged between
94.1% and 88.2% in the early pregnancy period. Uncertain
negative/positive test results were detected on some days
in the other tests, however, no uncertain test results were
obtained with the bPAG-serum ELISA.

Therefore, based on these findings, all the tests in this study
were able to detect positive and negative pregnancies at
high rates on day 28 and 30; however, with the bPAG-serum
and milk tests only, compatibility with TRUS was 100% on
days 28 and 30 of the pregnancy. In another study, the
bPAG serum test was used on day 27 of pregnancy, and the
compliance with TRUS findings was 93.7% and 97.8% 1%
With the bPAG-Milk test, results were found to be more
variable than with the serum test, which was supposed
to be mainly due to milk storage """, In other studies, it
was suggested that milk amount "%, milk composition,
contamination of milk samples "3 or lactation period ', In
this study, no difference was found between bPAG-Serum
and bPAG-Milk in the detection of pregnancy on day 28
and 30 following insemination.

Compliance between ultrasonography and these tests
can be calculated using the Kappa test . Considering all
positive and negative comparisons, the results obtained

with the Kappa test were found to be significant at the
level of 0.954 (P<0.001) on day 28 with the bPAG-serum and
milk ELISA, and 0.9446 (P<0.001) on day 30 with the bPSP-B
test. In one study, comparison of results of transrectal
palpation with the bPSP-B test by using the kappa test,
resulted in 0.83 ', In another study, the kappa data of the
agreement between bPAG ELISA test and determination
of pregnancy increased from 0.87 (first insemination) up
to 0.94 (third insemination) depending on the number of
inseminations "%,

In bovine plasma, bPSP-B was detected between days
15 and 22 of pregnancy after insemination. It has been
determined that because this glycoprotein is synthesized
in the binuclear trophoblastic cells of placenta, good
results can be obtained when the test is applied after day
30 post-conception M. In this study, with the bPSP-B test,
compliance with TRUS on day 28 was 93.7% whereas 100%
compliance was found on day 30. Others reported a 90%
positive and a 99.5% negative compatibility with PSPB test
on the same day ',

In most studies, bPAG and bPSP-B tests were found to
be similarly useful for the detection of pregnancy *. On
the other hand, on days 28, 30 and 35 of pregnancy,
uncertain bPSP-B sample rates were found to have
changed through the rates of 8.5%, 4.8% and 3.3%,
respectively . In our study, with bPSP-B-Serum ELISA,
uncertain results were found on days 25 (24.2%), 28 (3.1%)
and 40 (3.2%) of pregnancy, with bPAG-Milk test, on day
25 (9.4%) only, whereas no uncertain results were found in
bPAG serum test.

InbPAG serum and milk, the negative pregnancy rate, which
was determined to be compatible with TRUS, was 100%
on day 20 following insemination, and was determined as
94.1% on the consecutive days, including day 32. This ratio
was determined to be 94.1% in bPSP-B test on day 20, and
between 88.2% and 100% (on day 40) on the consecutive
days. When the test results were examined, in bPAG-serum
test, the specificity was 100% on days 28 and 30; in bPAG
Milk, 100% on day 28 only; and in bPSP-B test, 100% on
day 30 (96.7% on day 28). On the contrary, sensitivity in
bPAG Serum was 94.1% on day 28; and in bPAG milk, 94.1%
on both days 28 and 30. Sensitivity was determined to be
93.8% on day 28 in bPSP-B Serum test. Silva et al."” tested
cows on day 27 for bPAG by ELISA and compared those
results with TRUS 32 days after Al. They reported sensitivity
ranging between 93.5% and 96.3% and specificity between
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91.7% and 96.8%. In another study, bPAG analysis correctly
diagnosed pregnancy on day 28 post-Al I'”;; however only
samples from females that delivered live calves were
analysed. Finally, when bPAG-1 was analysed by RIA on day
35 and compared with transrectal palpation on day 45, the
sensitivity and negative predictive values were 98.8% and
97.9%, respectively "%, In this study, the fact that sensitivity
was achieved at 94.1% rate on day 28 in bPAG Serum and
milk test shows that if samples are examined at this stage
of pregnancy, reliable pregnancy results can be obtained.

Szenci et al.¥, testing for bPSP-B by RIA, reported a
sensitivity of 92% from samples collected on both days
29 and 30, and 98.1% on days 33 and 34. Howard et al.l"¥,
using the same bPSP-B ELISA test, reported a sensitivity
of 100% and a specificity of 87.8% for cows between days
30 and 36 compared with US performed between days 37
and 43. Interestingly, they found no uncertain results in
336 samples. In bPSP-B test, both sensitivity and specificity
were high, again, on day 28. It is necessary to bear in mind
that the specificity was calculated as 100% (specificity as
88.2%) on day 30.

The numerical Cut-off values obtained by the Area under
the ROC curve on day 28 ranged from 0.967 to 0.991 and
even approached 1, which means high specificity and
sensitivity as well as reliability of the test.

In conclusion, the data obtained show that all of these tests
are reliable and suitable for determination of pregnancy,
with highest accuracy on days 28 and 30, when both
specificity and sensitivity are considered. In some animals,
when pregnancy was detectable by ELISA on days 28 and
30, positive results were obtained later, on the day when
embryonic deaths was detected by TRUS.

ACKNOWLEDGEMENTS

The authors appreciate the dedication of all veterinarians,
technicians and farmers who contributed to this study.

REFERENCES

1. Walsh SW, Williams EJ, Evans ACO: A review of the causes of poor
fertility in high milk producing dairy cows. Anim Reprod Sci, 123 (3-4): 127-
138,2011.DOI: 10.1016/j.anireprosci.2010.12.001

2. Holman A, Thompson J, Routly JE, Cameron J, Jones DN, Grove-
White D, Smith RF, Dobson H: Comparison of oestrus detection methods
in dairy cattle. Vet Rec, 169 (2): 47,2011.DOI: 10.1136/vr.d2344

3. Quintela LA, Barrio M, Peiia Al, Becerra JJ, Cainzos J, Herradén
PG, Diaz C: Use of ultrasound in the reproductive management of dairy
cattle. Reprod Domest Anim, 47 (Suppl 3): 34-44,2012.DOI: 10.1111/j.1439-
0531.2012.02032.x

4. Szenci O, Beckers JF, Humblot P, Sulon J, Sasser G, Taverne MAM,
Varga J, Baltusen R, Schekk G: Comparison of ultrasonography,

bovine pregnancy-specific protein B and bovine pregnancy-associated
glycoprotein 1 tests for pregnancy detectionin dairy cows. Theriogenology,
50 (1): 77-88,1998. DOI: 10.1016/S0093-691X(98)00115-0

5. Romano JE, Larson JE: Accuracy of pregnancy specific protein-B test
for early pregnancy diagnosis in dairy cattle. Theriogenology, 74 (6): 932-
939, 2010. DOI: 10.1016/j.theriogenology.2010.04.018

6. Buragohain L, Nanda T, Ghosh A, Ghosh M, Kumar R, Kumar S,
Gupta SS, Bharali A, Mohanty AK, Singh |, Balhara AK: Identification of
serum protein markers for early diagnosis of pregnancy in buffalo. Anim
SciJ,88(8):1189-1197,2017.DOI: 10.1111/asj.12754

7. Green JC, Volkmann DH, Poock SE, McGrath MF, Ehrhardt M,
Moseley AE, Lucy MC: Technical note: A rapid enzyme-linked immuno-
sorbent assay blood test for pregnancy in dairy and beef cattle. J Dairy Sci,
92 (8): 3819-3824, 2009. DOI: 10.3168/jds.2009-2120

8. Friedrich M, Holtz W: Establishment of an ELISA for measuring bovine
pregnancy-associated glycoprotein in serum or milk and its application
for early pregnancy detection. Reprod Domest Anim, 45 (1): 142-146, 2010.
DOI: 10.1111/j.1439-0531.2008.01287.x

9. Romano JE, Thompson JA, Kraemer DC, Westhusin ME, Forrest DW,
Tomaszweski MA: Early pregnancy diagnosis by palpation per rectum:
Influence on embryo/fetal viability in dairy cattle. Theriogenology, 67 (3):
486-493, 2007. DOI: 10.1016/j.theriogenology.2006.08.011

10. Silva E, Sterry RA, Kolb D, Mathialagan N, McGrath MF, Ballam
JM, Fricke PM: Accuracy of a pregnancy-associated glycoprotein elisa to
determine pregnancy status of lactating dairy cows twenty-seven days
after timed artificial iInsemination. J Dairy Sci, 90 (10): 4612-4622, 2007.
DOI: 10.3168/jds.2007-0276

11. Le Roux Y, Colin O, Laurent F: Proteolysis in samples of quarter milk
with varying somatic cell counts. 1. Comparison of some indicators of
endogenous proteolysis in milk. J Dairy Sci, 78, 1289-1297, 1995. DOI:
10.3168/jds.50022-0302(95)76749-2

12.Lopez-Gatius F, Garbayo JM, Santolaria P, YanizJ, Ayad A, de Sousa
NM, Beckers JF: Milk production correlates negatively with plasma levels
of pregnancy-associated glycoprotein (PAG) during the early fetal period
in high producing dairy cows with live fetuses. Domest Anim Endocrinol,
32(1):29-42,2007. DOI: 10.1016/j.domaniend.2005.12.007

13. Friedrich M, Kalscheuer E, Hoedemaker M, Holtz W: Pregnancy
detection in dairy cows by measuring pregnancy-associated glycoprotein
(PAG) in milk. Reprod Domest Anim, 42, 70, 2007.

14. Gaspardy A, Schwartz Z, Zoldag L, Veresegyhazy T, Fekete S:
Changes in daily energy amounts of main milk components (lactose,
protein and fat) during the lactation of high-yielding dairy cows. Acta Vet
Hung, 52 (4): 457-467, 2004. DOI: 10.1556/AVet.52.2004.4.8

15.Breed MW, Guard CL, White ME, Smith MC, Warnick LD: Comparison
of pregnancy diagnosis in dairy cattle by use of a commercial ELISA and
palpation per rectum. J Am Vet Med Assoc, 235 (3): 292-298, 2009. DOI:
10.2460/javma.235.3.292

16. Zoli AP, Guilbault LA, Delahaut P, Ortiz WB, Beckers JF: Radio-
immunoassay of a bovine pregnancy-associated glycoprotein in serum
- Its application for pregnancy diagnosis. Biol Reprod, 46 (1): 83-92, 1992.
DOI: 10.1095/biolreprod46.1.83

17. Green JA, Parks TE, Avalle MP, Telugu BP, McLain AL, Peterson
AJ, McMillan W, Mathialagan N, Hook RR, Xie S, Roberts RM: The
establishment of an ELISA for the detection of pregnancy-associated
glycoproteins (PAGs) in the serum of pregnant cows and heifers.
Theriogenology, 63 (5): 1481-1503, 2005. DOI: 10.1016/j.theriogenology.
2004.07.011

18. Howard J, Gabor G, Gray T, Passavant C, Ahmadzadeh A, Sasser N,
Pals D, Sasser G: BioPRYN, a blood-based pregnancy test for managing
breeding and pregnancy in cattle. Proc West Sect Am Soc Anim Sci, 58,
295-298, 2007.


https://www.sciencedirect.com/science/article/pii/S037843201000480X?via%3Dihub
http://veterinaryrecord.bmj.com/content/169/2/47
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1439-0531.2012.02032.x
https://www.theriojournal.com/article/S0093-691X(98)00115-0/pdf
https://www.theriojournal.com/article/S0093-691X(98)00115-0/pdf
https://www.theriojournal.com/article/S0093-691X(10)00225-6/fulltext
https://onlinelibrary.wiley.com/doi/abs/10.1111/asj.12754
https://www.journalofdairyscience.org/article/S0022-0302(09)70705-2/fulltext
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1439-0531.2008.01287.x
https://www.theriojournal.com/article/S0093-691X(06)00481-X/fulltext
https://www.journalofdairyscience.org/article/S0022-0302(07)71925-2/fulltext
https://www.journalofdairyscience.org/article/S0022-0302(95)76749-2/pdf
https://www.sciencedirect.com/science/article/pii/S0739724005002481?via%3Dihub
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1439-0531.2007.00909.x
https://akademiai.com/doi/abs/10.1556/AVet.52.2004.4.8
https://avmajournals.avma.org/doi/abs/10.2460/javma.235.3.292
https://academic.oup.com/biolreprod/article/46/1/83/2763131
https://www.theriojournal.com/article/S0093-691X(04)00248-1/fulltext

