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Abstract

The present study aimed to determine the efficiency of two commercial ELISA tests for measuring
pregnancy-associated glycoproteins (PAGs) in blood serum and milk in relation to early pregnancy
diagnosis in lactating Holstein-Friesian cows. A total of 144 blood and milk samples form lactating
cows were collected 30 days after artificial insemination and subjected to PAGs assay. Pregnancy-
specific glycoproteins were determined by ELISA method using of Ruminant Pregnancy PAG test for
milk and blood. A transrectal ultrasonography for pregnancy detection was performed 45 days after
insemination. The obtained data of PAGs and ultrasound diagnoses were compared. The results for
PAGs concentrations in serum and milk and indicators for efficiency of both tests were processed by
computer statistical program (Statistica 7, Microsoft Corp. 1984-2000 Inc.) and compared using non-
parametric method of comparison of means and percentages. In conclusion, the PAGs concentrations
in blood serum were significantly (P < 0.05) higher than those in milk. Sensitivity, specificity and
accuracy of both tests were close with a tendency to better result after measuring PAGs in blood
serum. The evaluated tests have high efficiency and can be used as an alternative of other methods for
early pregnancy diagnosis in dairy cows.
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Pesrome

lenta Ha HACTOSMIOTO M3cieaBaHE Oemie na ce ompenenu eQeKTHBHOCTTA HA JIBa THPrOBCKH
ELISA tecra3a u3amepBaHe Ha CrielIU(HIHA 32 OPEMEHHOCTTA IIIMKOIIPOTEHNHU (pregnancy-associated
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glycoproteins — PAGs) B KpbBEH cepyM U MIISIKO BbB Bpb3Ka C paHHA TUAarHOCTUKA Ha OPEMEHHOCT
MU JIAKTHPAIIY KPAaBU OT MopojaTa XoJaiH-QprU3UiicKO roBeso.

W3cnensanu 6s1xa o01mio 144 mpodu oT KpbB U MIIAKO, TosTy4yeHu 30 THU ciie] U3KYCTBEHO OceMe-
HsIBaHE Ha KpaBuTe. bpemenHocTTa Oelie moTBbpAeHa 15 qHU ciiesl B3eMaHeTO Ha KPBBHU U MJICUHU
poOu upe3 TpaHCPEKTaIHa exorpadusi.

Crenuduunure 3a OpeMEHHOCTTa IIIMKONPOTEHHHU ce onpenensaxa upe3 ELISA meron u uznons-
BaHe Ha Alertys Bovine Pregnancy kit 3a kpbB 1 MiIsiko. TpaHCpEeKTaTHO yITPa3BYKOBO U3CIICIBAHE
3a OpeMEHHOCT ce U3BbpLIBalle 45 nHU ciel oceMeHsBaHeTo. [lonmydyenuTe pe3ynraTi oT aHaau3a
Ha PAGs 0sixa cpaBHEHU € T€3U OT YJATPa3ByKOBOTO M3ciie/iBaHe. JIaHHUTE 32 KOHIEHTpAalUUTE Ha
PAGs B cepyM 1 MIISIKO U IpaMETPUTE 3a U3MEPBaHE Ha e(DEeKTUBHOCTTA Ha JIBaTa TecTa ce 00padoT-
Baxa 4pe3 KOMITIOThPHA CTaTUCTHUEeCKa mporpama (Statistica 7, Microsoft Corp. 1984-2000 Inc.) u
CpaBHsIBaxa 4pe3 HelnapaMeTpUUeH METOJl 3a CPaBHEHHME HA CPEAHU CTOMHOCTH U INpoLEHTH. B 3a-
KJroueHue, HuBata Ha PAGs B kpbBeH cepyM ca 3HauuTesHo (P < 0,05) mo-BUCOKH OT T€3U B MIISIKO.
CrolfHOCTHUTE 32 YyBCTBUTEIIHOCT, CIELIU(PUYHOCT U TOYHOCT 3a ABAaTa TECTA ca OJIM3KU C TeHICHIIUS
KBM I10-100bp pe3yiaTar npu usmepsane Ha PAGs B kpbBeH cepyM. M3cineqBaHuTe TECTOBE UMAT BH-
COKa e(peKTUBHOCT M MOT'aT Jia Ce U3MOJI3BaT KaTo ajlTepHaTHBA HA IPYTy METOH 3a IMarHOCTHKA Ha
paHHa OpEMEHHOCT MPU MIJIEYHU KPABH.
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Introduction

Pregnancy diagnosis in dairy cows is ex-
tremely important for successful practices in re-
productive management and identification of the
open cows and also can decrease the intervals
between insemination and calving which will
allow for early resynchronization and following
artificial insemination. The methods for preg-
nancy detection (rectal palpation, ultrasound ex-
amination or chemical tests) vary greatly.

In the last few years many assays for pregnan-
cy associated glycoproteins (PAGs) were created.
PAGs are secreted from the binucleate trophoblast
cell in the placenta (Wallace et al., 2015). Enter-
ing the maternal blood circulation (Wooding and
Wathes, 1980; Wooding and Burton, 2008; Pohler
et al., 2013) glycoproteins can be found in blood
samples of pregnant cows as early as 21-24" day
of insemination using RIA or ELISA. Early preg-
nancy diagnosis shows relative success by mea-
suring the PAGs serum concentration earlier than
the 28" of insemination (Perényi et al., 2002; Silva
et al., 2007; Sousa et al., 2006).

Early pregnancy detection is of extreme impor-
tance for the management and economics of a dairy

farm. Each potential method should be compared
with the gold standard which is transrectal ultra-
sonography. It has been proven that the success of
early pregnancy detection based on PAGs concen-
tration on the 31" day is similar to ultrasound ex-
amination on the same gestational day (Karen et
al., 2015; Reese et al., 2016; Ricci et al., 2015).

Commercial test for PAG detection can detect
pregnancy in cows with great accuracy around
95-98% using blood or milk samples after the 28"
day after insemination (Breukelman et al., 2012;
Le Blanc and Short, 2013; Romano and Larson,
2010; Silva et al., 2007).

The present study aimed to determine the
efficiency of two commercial ELISA tests for
measuring pregnancy-associated glycoproteins
(PAGs) in blood serum and milk in relation to
early pregnancy diagnosis in lactating Holstein-
Friesian cows.

Materials and Methods

Experimental animals
The study was conducted in 2020 at dairy
farm Elit, Popovitsa, Plovdiv. In the experiment
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were included 144 Holstein-Friesian dairy cows,
60 days after calving, divided of heifers (n = 57)
and cows (n = 87) and subjected to estrus syn-
chronization and artificial insemination. The
day of artificial insemination was considered as
Day 0.

Blood and milk samples used for pregnancy-
associated glycoproteins’ detection

Blood samples were collected from all the
cows on the 30" day of the artificial insemina-
tion from v. jugularis in 10 ml tubes. Then the
samples were placed in room temperature for
1 h so that coagulation may occur, afterwords
they were stored at 4—6 °C and transported to the
laboratory. The samples were then centrifuged at
2000 x g for 10 minutes, the serum was collected
and stored at -20 °C.

Milk samples were collected from all the
cows on the 30™ day after artificial insemination
in 30-ml plastic containers. The samples were
then transported at 4—-6 °C and examined 1 h
their arrival in the laboratory.

Blood and milk samples were collected be-
fore the midday milking.

The PAG concentrations in blood and milk
samples were measured using commercial tests
Ruminant PAG ELISA (IDEXX Laboratories,
Inc., Westbrook, ME, USA). All tests were per-
formed in the laboratory of the Department of
“Obstetrics, reproduction, reproductive disor-
ders”, Faculty of Veterinary Medicine. The re-
sults of the assays were measured as optic den-
sity (OD) of sample, corrected by subtracting
OD of the sample (S) and the OD of the negative
control (N) measured with 450 nm wavelength
the final result is S-N.

Pregnancy results were recorded on the base
of reference values for pregnancy defined by
manufacturer. For Bovine Pregnancy serum,
when S-N is <0.300, the cow is considered open,
or ,,non pregnant “, when S-N is > 0.300 and <
1.000, the result is “pregnant-check again” and
when S-N is > 1.000, the cow is labeled ,,preg-
nant “. For Bovine Pregnancy milk, when S-N is
< 0.100, the cow is classified as ,,non pregnant*;
when S-N is > 0.100 and < 0.250, the result is

“pregnant-check again” and when S-N is >0.250,
the cow is considered ,,pregnant *.

Pregnancy diagnosis

Pregnancy examination was performed us-
ing ultrasound scanner SonoScape A5Vet
(SonoScape, Co. LTD, Shenzhen, China), mul-
tifrequency (7-12 MHz) linear transducer and
transrectal approach on the 45" day after arti-
ficial insemination. Pregnancy diagnosis was
based on a few criteria — uterine lumen fluid, vi-
sualization of embryo and embryo heart rate.

The experiment was conducted according to
the recommendations of the Local Animal Eth-
ics Committee and regulation for human attitude
and animal protection.

Statistical analysis

The results were processed using computer
program StatSoft (Statistica 7, Microsoft Corp.
1984-2000 Inc.). We used the ANOVA method,
LSD test for multifactor comparison and non-
parametric analysis for comparison of propor-
tions. Results are presented as (Mean), standard
deviation (SD), relative share (%) and degree of
credibility. Values of P < 0.05 were considered
statically significant.

Results

Depending on the S-N values of PAG in milk
samples on the 30™ day after insemination, the
cows were classified as 73 pregnant, 67 non preg-
nant and 4 cows were classified as pregnant-check
again. Mean values of PAGs in milk for positive
cases were 1.555 + 0.420, for non pregnant 0.023
+ (0.021 and for the pregnant-check again — 0.132
+ 0.042 (Table 1). During the ultrasound tran-
srectal examination 55 of the 73 cows with high
S-N values were confirmed as pregnant. From
the non-pregnant group based on PAGs in milk
samples 66 cows were confirmed as open and
only one cow with low S-N value (0.024) was
found pregnant. From the pregnant-check again
group one cow was confirmed pregnant and the
remaining 3 were found to be open.
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The readings for the PAGs measured in serum
on the 30" day after artificial insemination con-
firmed 69 cows as pregnant, 70 were non preg-
nant and 5 cows were assigned for the pregnant-
check again group. The positive mean values for
serum PAGs were 3.840 £ 0.031, negative were
0.018 £ 0.045 and for the re-check were 0.509 +
0.031 (Table 1). During the ultrasound transrec-
tal examination pregnancy was confirmed for

55 cows with positive results in PAGs. Negative
diagnosis was found in 69 cows but there was
one exception in one of the cows with confirmed
pregnancy (the same cow which showed low S-N
values in milk PAGs).

To grade the results from PAG ELISA tests
in serum and milk for the cows with unknown
pregnancy status, a table was created. The table
consists of a few indices — sensitivity, specificity,

Table 1. S-N values of pregnancy-associated glycoproteins (PAGs) in serum and milk on the 30" day after

the artificial insemination
Tadauua 1. S-N cToifHOCTH Ha TTIMKONPOTEHHUTE CBBhpP3aHu ¢ OpemeHHOCcTTa (PAGS) B cepyM U MIISIKO
Ha 30-us AeH ciell U3KyCTBEHO OCEMEHSIBaHE

Pregnant cows / BpemeHHu kpasu Non-pregnant cows / Hebpemernu kpaBu  Pre-check cows / MoBTopHa npoBepka

PAGs in milk / PAGs in serum / PAGs in milk / PAGs in serum / PAGs in milk / PAGs in serum /
MISIKO cepym MMSIKO cepym MMSIKO cepym

n=73 n=69/ N =67 N=70 N=4 N=5

Mean £ SD Mean £ SD Mean + SD Mean £ SD Mean £+ SD Mean £ SD
1.555 +0.420 3.840 £ 0.031° 0.023 + 0.021 0.018 £ 0.045 0.132 £ 0.042 0.509 + 0.031

S-N — ,,sample minus negative control*; "P < 0.0001
SN — ,,cmotinocm na npobama munyc ompuyamennama koumpona'; "P < 0,0001

Table 2. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPVand
accuracy of PAG ELISA tests in serum and milk for pregnancy diagnosis on the 30" day after artificial
insemination. Adapted from Ricci et al., 2005.

Ta6auna 2. YyBCTBUTEIIHOCT, CHCITU(DUIHOCT, TIOJOKHUTETHA TPpOorHO3HA cToWHOCT (PPV), oTpumiarenna
nporHo3Ha ctoiHOcT (NPV) u Tounoct Ha PAG ELISA TecToBe B cepyM H MIISIKO 32 TMarHOCTHKA Ha
OpemenHocT Ha 30-us JIeH clel Ciiell M3KYCTBEHO OceMeHsiBaHe. Adanmupana om Ricci et al., 2005.

PAG Sensitivity / Specificity /

UyBCTBUTENHOCT CrewdmHoCT Accuracy / TouHoct PPV /TIMNC NPV /OMNC
ELISA % (n/n) % (n/n) % (n/n) % (n/n) % (n/ny
Milk / Mnsiko 98,2 (55/56) 78,6 (66/84) 86,4 (121/140) 75.3 (55/73) 98.5 (66/67)
Serum / Cepym 98.2 (55/56) 82,9 (68/82) 88,5 (123/139) 79.7 (55/69) 98,6 (69/70)

Sensitivity — ratio of pregnant cows with positive results based on PAG ELISA

Specificity — ratio of non pregnant cows with negative results based on PAG ELISA

Accurancy — proportion of the results for pregnant, non pregnant and their correct classification based on PAG
ELISA

PPV — ratio of pregnant cows based on PAG ELISA, which were confirmed pregnant

NPV — ratio of non-pregnant cows based on PAG ELISA, which were confirmed non pregnant

Yyecmeumennocm — 0eibm Ha OpemenHu Kpasu ¢ nonodxcumener pesyimam om PAG ELISA

Cneyughuunocm — denvm na neopemennume kpasu ¢ ompuyamenen pesynmam om PAG ELISA

Tounocm — nponopyus na pe3yimamume om coCMOAHUETNO HA OpeMeHHOCmA, OpeMenty U He OpemeHH, KOUmo
ca bunu npasunno kiacuguyuparnu om PAG ELISA

IITIC — 0envm na kpasume, ouaznocmuyupanu opemennu ¢ nomowma na PAG ELISA, koumo naucmuna ca buiu
bpemenHu

OIIC — denvm om kpasume, ouazHocmuyupanu kamo Heopemenuu ¢ nomowma Ha PAG ELISA, koumo naucmuna
He ca ounu bpemenHu
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positive prognosis value (PPV), negative prog-
nosis value (NPVand accuracy on the 30" day
and is based on the transrectal ultrasound ex-
amination on the 30™ and 45" day after artificial
insemination (Table 2).

The results of the current experiment show
that the sensitivity of the PAG ELISA tests in se-
rum and milk is high (98.2% for both type of
testing), in comparison the specificity is (82.9%
and 78.6%). NPV for serum and milk samples of
PAG ELISA test is found to be very high (98.5%
for both tests) compared to PPV values (79.7%
and 75.3%). The accuracy of both type of PAG
ELISA tests on the 30" day after artificial insem-
ination is 88.5% and 86.4%, for serum and milk
samples. These calculations exclude the samples
classified as Pregnant-check again.

Discussion

The mean S-N values in serum samples in
the positive cases were significantly higher (P <
0.001) than those in milk samples. Relative lev-
els of PAGs measured in milk samples were ap-
proximately half of the those measured in plas-
ma. This was expected because milk is a filtrate
from blood and PAGs are relatively large glyco-
proteins (molecular weight = 40—80,000) associ-
ated with the liquid composition of milk (Green
et al., 2005).

The sensitivity analysis of the obtained results
supports the opinion that the accuracy of using
PAGs levels in serum and milk pregnancy detec-
tion in dairy cows on day 30 after artificial in-
semination is high. Our results are in agreement
with other studies conducted which investigated
the period 27-39 days of gestation, at this period
PAGs levels in both serum and milk are at a peak
(Lawson et al., 2014; LeBlanc, 2013; Silva et al.,
2007; Sinedino et al., 2014). The differences
found between individual studies are most likely
due to the commercial tests used, experience of
operator and individual variability in serum and
milk PAGs concentrations. These differences
were more pronounced when PAG ELISA tests
for pregnancy diagnosis were administered be-
tween days 26 and 30 after artificial insemina-

tion (Humblot, 2001; Kaya et al., 2016; Zoli et
al., 1992).

To realize a positive economic effect of us-
ing tests for early pregnancy detection, the sen-
sitivity should be greater than 96% when the test
is applied at day 30 and greater than 94% when
used at 24-day after artificial insemination (Gior-
dano et al., 2013). The sensitivities of both the
serum and milk PAG ELISA assays evaluated
in the present study (Table 2) and those reported
by other authors (Silva et al., 2007; Romano and
Larson, 2010) exceed these values. Recorded re-
sults show that commercial PAG ELISA tests for
pregnancy diagnosis at day 30 after artificial in-
semination are applicable and economically vi-
able for dairy farms.

In our study, two cases of pregnancy were
registered by the ultrasound examination with
low S-N values of serum and milk PAGs or
negative predictive value of 98.6% and 98.5%,
respectively. False negative findings may result
from low PAGs levels between days 25 and 32
after artificial insemination (Szenci et al., 1998;
Zoli et al., 1992).

The positive predictive value for milk PAGs
of 75% and serum PAG of 79.7% are low com-
pared to those reported by other authors (Kaya
et al., 2016). Silva et al. (2007) reported that in-
correct (false) positive results were observed in
individual cows up to 100 days after calving
from their first pregnancy. Lactating cows in
this study were on average 137 days in lactation.
In the present study, cows with incorrect (false)
positive PAGs results in serum and milk were on
average 133 days in lactation.

Commercial tests provide 98—99% true posi-
tive (pregnant) readings and false positives (re-
ported as pregnant but open) within 1-5% (Re-
ese et al.,, 2016). Variations between outcomes
and consequences of misclassifications of re-
productive status (false positives and false nega-
tives) were reported by Szenci et al. (1998), Silva
et al. (2007), Green et al. (2009) and Friedrich
and Holtz (2010). In our study, 18 (12.5%) false-
positive results were found in the PAG ELISA
test in milk and 14 (9.7%) in the PAG ELISA in
serum. Incorrect (false) positive results may be
due to embryonic death before maternal blood
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PAGs levels fall below the detection threshold
using the ELISA test. The half-life of PAG in
maternal blood after induced embryonic death
has been reported to be 2.7 to 7 days (Szenci et
al., 1998). Therefore, false positive PAG ELISA
test results can sometimes be due to embryonic
death or fetal loss (Kaya et al., 2015). Thompson
et al. (2010) noted that cattle suffered late em-
bryonic losses between days 28 and 45 after ar-
tificial insemination, with day 30 plasma PAGs
concentrations being lower compared to cows
maintained the pregnancy. This is also con-
firmed by our results regarding mean S-N val-
ues (3.840 = 0.031 vs. 3.644 + 0.617; P < 0.01) in
serum and milk (1.555 + 0.420 vs. 1.288 + 0.628;
P < 0.0212) which are lower than those of the
animals confirmed in the ultrasound examina-
tion. The relatively high concentrations of PAGs
in the absence of a detectable embryo are most
likely the result of residual PAGs previously se-
creted by the already dead embryo. Embryonic
lethality is a complex process that is not always
associated with lower PAGs concentration (Law-
son et al., 2014).

Green et al. (2005) found the presence of
PAGs in blood in five of 42 cows on day 15 after
artificial insemination. However, PAGs detected
at this stage are unlikely to be due to pregnancy
as the placenta is not yet developed. Therefore,
false positive results may be due to cross-reac-
tions with foreign proteins.

Conclusion

In conclusion, the PAGs concentrations in
blood serum were significantly (P < 0.05) higher
than those in milk. Sensitivity, specificity and
accuracy of both tests were close with a ten-
dency to better result after measuring PAGs in
blood serum. The evaluated tests have high effi-
ciency and can be used as an alternative of other
methods for early pregnancy diagnosis in dairy
COWS.
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