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Abstract. The purpose of the present work was to study effectiveness for early pregnancy diagnosis in
cattle of the new enzyme immunoassay (EIA) sandwich kit commercially available based on the measurement of
pregnancy-associated glycoproteins (PAGs). 120 Holstein-Friesian cattle of mixed age and parity were comprised
from different dairy herds. The pregnant females (n = 68) were diagnosed by ultrasonography at day 35—40
after artificial insemination and confirmed by transrectal exploration at 2—3 months after AI. The non-pregnant
females (n = 52) were housed in the absence of males during the experimental period. Blood samples were
collected from coccygeal vessels of females into EDTA tubes. The serum was obtained by centrifugation and
the serum was stored at — 20 °C until assay. The PAG concentrations in pregnant and non-pregnant females
were determined in serum by EIA kit. The reproducibility inter- and intra-assay of the PAG-EIA is satisfactory
(2.78 and 13.19 %, respectively). The accuracy (> 94.8 %) and the test of parallelism were largely acceptable.
No cross-reaction was observed with the different hormones tested at different dilutions. PAG-EIA system
gave 100 % sensitivity and negative predictive values. Whereas, specificity and positive predictive value were
91.93 and 71.15 %, respectively. The accuracy of pregnancy diagnosis by PAG-EIA was 87.5 %. In conclusion,
the present study shows clearly that the EIA kit can be used to measure PAG in serum cows for the detection
of gestation in Algeria. Therefore, this alternative technique could be recommended to replace the radioactive
methods in immunoassays to improve the reproductive performances and an efficient tool for reproductive
management of dairy cattle.
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Introduction

Reproductive management in bovine is an important economic component in the
success of a dairy farm. Zootechnical performance needs to be assessed in order to
achieve good level and positive financial results to become profitable in bovine herd. The
reproductive efficiency of dairy cows increases significantly incomes from milk sales
and shorter calving intervals in the modern dairy industry worldwide. Early detection
of pregnancy is an essential key to achieve the optimal calving-to-conception interval
in dairy cattle. Early pregnancy diagnosis facilitates the detection of non-pregnant cows
as early as possible after insemination or early embryonic mortality, and allows them
to be re-inseminated. Several techniques are being used to diagnose pregnancy in dairy
herd such as transrectal palpation or ultrasonographic examination [1—3].

In a number of mammals, it has been shown that trophoblast cells express a range of
pregnancy-associated glycoproteins (PAGs) during pregnancy period. Pregnancy-associated
glycoproteins, also known under a variety of other names including pregnancy-specific
protein B (PSPB) [4] and pregnancy specific protein 60 (PSP-60) [5], were first described as
placental antigens that were present in blood serum of the mother soon after implantation.
These proteins appear to be enzymatically inactive as member of the aspartic proteinase
family, which also includes pepsin, rennin, cathepsin and several other proteinases [6].
They are synthesized by the mono- and binucleate of the placenta cells, some of them being
secreted in maternal blood from the moment when the conceptus becomes more closely
attached to the uterine wall and formation of placentomes begins [7].

Due to the release of secretory granules PAGs in the maternal circulation, it can be
used as an indicator of pregnancy and for following up ongoing pregnancies in physio-
logical [8—10] and pathological conditions, such as embryonic and fetal mortalities [5,
11, 12]. These proteins differed in amino acid sequence, molecular masses [13] and de-
gree of glycosylation [14]. Because of large variety of expressed molecules and to large
variations in the post translational processing of the glycoproteins, several immunoassay
methods, such as radioimmunoassay (RIA) and enzyme immunoassay (EIA), have been
developed to be a useful tool of early pregnancy detection in maternal serum [15—18]
or milk [19] cattle.

Traditionally, radio-immunoassay (RIA) has been employed to quantify the PAG
concentrations in serum using antibody origins. In Algeria, the radioimmunoassay (RIA)
methods are less used for routine analysis because of several limitations inherent to the
use of radioactive isotopes and it also generates radioactive waste that causes environ-
mental contamination.

In the context, the purpose of the present work was to study effectiveness for
early pregnancy diagnosis in cattle of the new enzyme-immunoassay (EIA) sandwich
kit commercially available based on the measurement of PAGs.
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Materials and methods

This research was approved by the Scientific Council Faculty of the Veterinary High
National School (Algiers, Algeria). Concerning the ethical aspects, the experimental
procedure was performed in-vitro and the blood sampling of females was performed
according to good veterinary practice under farm conditions.

Animals and samples. This study was conducted in Algeria from March to August
2011. In this study, 120 Holstein-Friesian cattle were comprised from different dairy herds
of Tizi-Ouzou (36°46°, 4°25”) and Biskra (34°49’, 5°43’) province, Algeria. The age of
the animals ranged between 18 months and 12 years with mixed parity. Body condition
scores (BCS) of Holstein-Friesian females were noted according to Edmonson et al.
[20]. The BCS of experiment females was between 2.5 to 4.5. Animals were examined
by a veterinarian and presented no signs of clinical disease. All pregnant females were
artificially inseminated (AI) after 100 days post calving [10]. The pregnant cows (Preg-
nant group, n = 68) were diagnosed by ultrasonography at day 35—40 post-IA (AGRO
SCAN A14, sonde bifréquence 3.5 and 5.0 MHz) and confirmed by transrectal explo-
ration at 2—3 months after AI. The non-pregnant heifers (Control group, n = 52) were
housed in the absence of males during the experimental period. Blood samples (5 to 8
ml) were collected from coccygeal vessels of Holstein-Friesian females into EDTA tubes
(Sarstedt®, Numbrecht, Germany). The serum was obtained by centrifugation (3000 x
g at 15 min) and the serum was stored at —20 °C until assay.

PAG enzyme-linked immunosorbent assay. The PAG concentrations in pregnant and
non-pregnant females were determined in serum by enzyme immunoassay (EIA) per-
formed in duplicates. The detecting antibody was rabbit anti-PAG IgG as biotin-conjugate.
The test sample used a spectrophotometer reader according to the kit instruction. The
enzyme substrate was avidin-horseradish peroxidase (HRP). The standard curve ranged
from O to 2 ng/ml. A cut-off of 0.8 ng/ml was used to discriminate between pregnant
and non-pregnant females.

The basis of the test is the sandwich reaction involving two antibodies raised against
PAG: the first one is coated on a 96 micro-plate whereas the second one is conjugat-
ed to biotin and detected using avidin-HRP. Each sample was analyzed in duplicate.
Briefly, dilution buffer is added just before adding PAG standards and serum samples.
Afterwards, it is followed by an overnight incubation at room temperature. Microtiter
wells are washed before addition of biotinylated anti-PAG. The washing step is followed
by incubation with avidin-HRP for 20 min at 37 °C. The plate is washed and after, the
substrate/chromogen solution is added to the wells and incubated for 30 min at room
temperature. The addition of the stopping reagent transforms the blue coloration into a
yellow compound. Finally, the absorption at 450 nm is measured and the optical density
is proportional to the PAG concentration.

Technical validation

Reproducibility. To test the reproducibility of EIA kit, two samples with different
PAG concentrations were used. Samples were obtained from cows diagnosed earlier with
ultrasonography as pregnant. Reproducibility was determined by calculating the intra
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and inter-assay of variation (CV) as follow: [%CV = (SD / mean) x100]. For intra-as-
say CV, the first serum was assayed in duplicate seven (07) times within the same assay.
Likewise, for inter-assay CV, each serum was assayed in duplicate seven (07) times in
consecutive assays.

Specificity. To test the specificity of the EIA assay, six (06) reproductive hormones
were used, namely PMSG (Folligon® 1000 UI, International Intervet B.V., European
Union), GnRH (Fertagyl®, International Intervet B.V., European Union), progesterone
(Progestérone® Retard Pharlon, BAYER health, 13 street Jean Jaures 92807 Puteaux-
cedex, France), testosterone (Testoenant®, Geymonat S.P.A. Via S, Anna, 2-Anagni,
Italie), oxytocin (Oxyto-Kel Synth®, Kela N.V.,, St. Lenaartseweg 48, 2320 Hoogstraten,
Belgium) and dinoprost (Enzaprost® T, Cevaanimal health, 10 avenue of ballastiére,
33500 Libourne, France). Each hormone was diluted in buffer solution to obtain the
following concentrations 1, 10, 102 and 10. After that, each dilution of tested com-
pounds was assayed in duplicate.

Parallelism. Parallelism was assessed by serially diluting pregnant cow sera with
high PAG concentration. For that, two samples containing relatively high PAG concen-
trations were diluted in buffer solution and assessed in duplicate. Thus, parallelism of the
EIA was determined by evaluating samples at its initial strength (1/1), and at dilutions
of 1/2, 1/4, 1/8 and 1/16.

Pregnancy diagnose analysis. This study was designed to test the accuracy of preg-
nancy outcomes based on PAG-EIA of blood samples collected between 25—50 days
post Al. The following table showed the various categories as possible: Sensitivity,
specificity, positive and negative predictive values (PPV and NPV, respectively) and
accuracy were determined as described by Kastelic [21]. The sensitivity (Se) was ex-
pressed as the proportion of pregnant females with a positive PAG-ELISA result [true
positive / (true positive + false negative)]. The Specificity (Sp) was calculated as the
proportion of non-pregnant females with a negative PAG-EIA result [true negative /
(true negative + false positive)]. Positive predictive value (PPV) was calculated as the
proportion of females testing positive that were truly pregnant [true positive / (true
positive + false positive)]. Negative predictive value (NPV) was calculated as the
proportion of females testing negative that were truly non-pregnant [true negative /
(true negative + false negative)].

The accuracy (Ac) was defined as the proportion of pregnant and non-pregnant
females correctly identified by the test [(true positive + true negative) / (true positive +
true negative + false positive + false negative)]. The rate of false positive or negative
result is the likelihood of a positive or negative result in cows known not to be pregnant
or be pregnant, and this rate is related to the test specificity [rate of false positive = 1 —
specificity] or sensitivity [rate of false negative = 1 — sensitivity], respectively [22].

Statistical analysis. Statistical analyses were carried out in STATVIEW (Ver-
sion 4.55). Statistical analysis was performed using t-test to compare treated and
control females. The PAG concentrations were expressed as mean + SD, and P <
0.05 was considered significant. The statistical significance of test was determined
by Student tests.
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Results

The standard curves (n = 6) used ranged from 0.4 to 2 ng/ml to estimate PAG concen-
trations with a linear regression plot (Fig. 1). The reproducibility of PAG-EIA technical
are summarized in Table 1. The values of inter-assay CV are 6.08 and 13.19 %, whereas
intra-assay CV is low calculated for PAG-EIA (2.78 %). The recovery rates obtained by
the use of PAG-EIA technical were higher 96.8 %, as shown in Table 2. Parallelism of
serum samples diluted with buffer solution is given in Table 3. As far as the specificity
is considered, no cross reaction of PAG-EIA was recorded for reproduction hormones
tested at different dilutions (1, 102, 10 and 10 IU/ml).
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Fig. 1. Standard curves (mean + SD) of pregnancy-associated glycoproteins (PAG) in the enzyme
immunoassay calculated over six assays

Table 1
Intra- and inter-assay coefficients of variation of pregnancy-associated
glycoproteins by ELIA
Intra-assay® Inter-assay®
Sample ionc ionC
p PAG concentration®, oV, % PAG concentration®, oV, %
ng/ml ng/ml
1 2.214£0.06 2.78 2.33+0.14 6.08
2 - - 0.94+0.12 13.19
aSeven replicates in the same assay. °Two replicates in 7 consecutive assays. °Mean + SD.
Table 2

Recovery of different concentrations of PAG added to a plasma sample containing low
concentrations of PAG respectively as measured by ELIA

Theatrical PAG concentration, ng/ml

Observed PAG concentration, ng/ml

Recovery?, %

1.25 1.21 96.8

1.20 1.14 95

1.16 1.10 94.8
3(Observed value/Theatrical value) x 100.
158 XXMBOTHOBO/ACTBO
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Table 3

Serial dilutions of a plasma sample containing relatively high PAG concentrations
as measured by EIA

PAG concentration, ng/ml
Dilution?
Sample 1 Sample 2
11 5.16 5.18
1/2 3.53 3.61
1/4 2.21 2.07
1/8 1.30 117
1/16 0.65 -

aSamples from pregnant females were diluted in buffer solution.

The PAG concentration (mean + SD) determined in serum samples from non-preg-
nant and pregnant females is represented in Table 4. PAG concentrations measured by
EIA system are significantly (P < 0.001) higher in pregnant females than in non-pregnant
females (3.51 + 1.17 vs. 0.53 £ 0.08). It can be seen that in pregnant cows, the PAG-EIA
resulted in the high and the least variable concentrations than the threshold currently
used for pregnancy diagnosis (0.80 ng/mL). For samples of non-pregnant females, all
PAG concentrations revealed very low content than the threshold 0.80 ng/mL.

Table 4

Mean (+ SD) pregnancy-associated glycoprotein concentrations obtained
by EIA in pregnant and non-pregnant female

Non-pregnant females Pregnant females
(n=52) (n=168)
PAG concentration (meant SD, 0.53 £ 0.082 3.51+1.17°
ng/ml)
Min-Max 0.06—0.78 0.98—6.21

abSignificant differences between PAG concentrations from pregnant and non-pregnant females (P < 0.001).

The sensitive, specificity, positive and negative predictive values of the PAG-EIA tests
are presented in Table 5. PAG-EIA system gave 100 % sensitivity and negative predic-
tive values. Whereas, specificity and positive predictive value were 91.93 and 71.15 %,
respectively. From a total of 52 samples collected in non-pregnant cows, measurement
by PAG-EIA technique resulted in 15 cases of incorrect pregnancy diagnosis, i.e. false
positive. The accuracy of pregnancy diagnosis by PAG-EIA was 87.5 %. There was a
significant increase of PAG concentration from Day 25 to Day 50 after AI measured
by EIA system (P < 0.05) (Fig. 2). Positive correlation between PAG concentrations
Al measured by EIA and day after Al was r = 0.32 (P < 0.001).
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Table 5

Sensitivity, specificity, positive predictive value, negative predictive value, and accuracy
of PAG-EIA for determining pregnancy status 25—50 days post Al

Variables PAG-EIA

Correct positive results, n 68
False positives, n 15
Correct negative results, n 37
False negatives, n 00
Sensitivity Se, % 100

Specificity Sp, % 91.93

Positive predictive value PPV, % 71.15
Negative predictive value NPV, % 100
Accuracy Ac, % 87.5

Rate of false positive, % 8.07

Rate of false negative, % 0

Se = true positive / (true positive + false negative). Sp = true negative / (true negative + false positive). PPV =
true positive / (true positive + false positive). NPV = true negative / (true negative + false negative). Ac = (true
positive + true negative) / (true positive + true negative + false positive + false negative). Rate of false positive =

1 — specificity. Rate of false negative = 1T — sensitivity.
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Fig. 2. Plasma concentrations of PAG, ng/ml, measured by enzyme immunoassay system during
the first trimester of pregnancy (25...50 post Al) in dairy cows: *** — values with different superscripts
of PAG concentration differ statistically (P < 0.05)

Discussion

The gestation diagnosis is of crucial importance to the farmer for the establishment
and maintaining the production performances and dairy herd reproductive manage-
ment. Early detection of pregnancy plays a key role in the achievement of an optimal
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calving-to-conception interval in dairy and beef cattle. For this, it requires effective
diagnostic methods that are accurate, practical. The results of this investigation have
demonstrated that using a commercial EIA test to detect serum PAG concentrations was
a highly accurate form of early pregnancy diagnosis in cattle under field conditions in
Northern Algeria.

The test of reproducibility inter- and intra assay evaluated with bovine serum of
the PAG-EIA system is satisfactory. CV inter- and intra-assay of PAG as measured by
ELISA were reported by Gatea and co-authors [23] to be 7.8 and 8 %, respectively. These
slight differences can be attributed to materials used and user experience. Parallelism
was assessed by a serial dilutions (1/1, 1/2, 1/4 and 1/8) with pregnant female containing
a high PAG concentration. In the present study, the results obtained show clearly that
the concentrations PAG obtained are parallel. Concerning the precision of PAG-EIA,
the results obtained are acceptable with the rate of recovery 94.8 %. The specificity test
carried out here allowed us to verify the hypothetical interference of reproductive hor-
mones and other placental glycoproteins on commercial PAG-EIA system. Our results
showed that the commercial EIA was specific for the detection of PAG with regard to
PMSG, GnRH, progesterone, testosterone, oxytocin and Prostaglandin F2q. It is common
knowledge that some placental glycoproteins from human and equine origin presented
probably similar to those observed in the PAG molecules [24, 25].

The accuracy of pregnancy diagnosis is important criteria in relation to sensitivity
and specificity values. In the current study, all pregnant females were correctly diagnosed
as pregnant by PAG-EIA, while the low rate of non-pregnant females was diagnosed
incorrectly. The sensitivity and the specificity of the commercial PAG-EIA at Day 28—50
after Al were high (100 and 91.93 %, respectively) for using as tool of pregnancy di-
agnosis in cattle. This result allows to reduce false-negative diagnosis, and the risk of
prostaglandin injection in pregnant females in cattle breeding. Thus, it is desirable for the
sensitivity to be very high (100 %) [26] because this can reduce the calving interval by
re-inseminating of non-pregnant cows as early as possible. The sensitivity and negative
predictive value outcomes of our study is similar to that reported by numerous authors
using RIA-PAG [10, 15, 27], and using PAG- or PSPB-ELISA [26, 28, 29]. Recently,
Meziane et al. [30] compared and evaluated two methods of pregnancy diagnosis, namely
proteins associated with pregnancy and ultrasonography, in dairy cattle in the East of
Algeria. The sensitivity and the specificity of PAG by the ELISA test were similar (100
and 93.75 %, respectively) to our results. Likewise, the sensitivity rate reported in the
present study was higher than those from the previous findings [18, 31, 32]. The specific-
ity of the PAG-EIA test for diagnosing non-pregnant cows obtained in the present study
was higher than those reported, ranging from 66 to 90.7 %, in the researches assessing
the effectiveness of the PAG-EIA test at Days 26—30 [16, 32—35]. Also, other inves-
tigations reported the specificity similar or slightly higher (91.1—97.2 %) carried out
with the PAG-EIA test [18, 29, 31, 36] and the PAG-RIA [15, 27, 29] in dairy cows in
comparison to the present study. These variations could be due to the interference in the
assay of sample constituents rather than to the hormone to be measured. The discrepancy
in the technique accuracy to predict pregnancy might be explained by the specific PAGs
being detected by antibodies employed in the PAG-EIA. It is important to remember that

ANIMAL BREEDING 161



Ayad A., Derbak H., Besseboua O. Bectauk PY/IH. Cepusi: ArpoHOMUSI U )KMBOTHOBOZCTBO. 2021. T. 16. Ne 2. C. 154-166

the molecular biology researches have been estimated over 100 PAG genes in ruminant
genome most of them being expressed in the superficial layers of the placenta [37].
Recently, Ayad and Touati [38] concluded there was another source of glycoprotein
expression apart from the placenta in cow. A similar finding of the detection of PAG in
testicular tissue and an ovarian extract has also been demonstrated by Zoli et al. [39].
In our work, the increased PAG concentration in the first trimester pregnancy was
similar to previous researches [40—42]. These variation of PAG concentration in dairy
cows may be affected by the nutritional status and body score. L.opez-Gatius et al. [43]
reported lower PAG concentrations in high producing dairy cows, which can partially
explain differences between PAG concentrations found in dairy cattle in our study. Also,
these divergence of serum PAG levels after Al might be attributed to the parity [41].

Conclusion

The present study shows clearly that the enzyme immunoassay kit can be used to
measure PAG in serum of cows for the detection of gestation in Algeria. It is well known
that the RIA method presents limitations to the use of radioactive isotopes in several
countries, especially in Africa, because of concerns for radiation safety, short shelf
lives of radioactive reagents and radioactive waste disposal. Therefore, this alternative
technique could be recommended to replace the radioactive methods in immunoassays
to improve the reproductive performances and an efficient tool for reproductive man-
agement of dairy cattle.
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Ucnonb3oBaHMe UMMYHO(MEPMEHTHOMO aHau3a
ANA onpepeneHus rMuKonpoTeNHOB 6epeMeHHOCTH
C LeJIbl0 AMAarHOCTUKU CTENIbHOCTU AOMHbIX KOPOB

B NONEBbIX yC/IoBUAX Anmkupa

A. Aapt X X, Tep6ak! ', O. Beccebya?

'Yuueepcuret Abaeppaxmana Mupa, Bedacas, Anscup
*YauepcurteT Xaccubbl benbyanu, Jw-Ileauge, Ansicup
>< abdelhanine.ayad@univ-bejaia.dz

AmnHoTanms. M3yuena 3¢deKTHBHOCTb paHHeH AMarHOCTHKY 6epeMeHHOCTH Y KPYITHOTO pOraToro CKoTa
B T10/IEBBIX YC/IOBUSAX B AJDKUpPE C TIOMOILLbI0 HOBOTO I0OCTYITHOrO Habopa /718 UMMYHO(epMEeHTHOTO aHa/Iu3a,
OCHOBAHHOTO Ha OIIpeZie/IeHHH IJTUKOIIPOTeMHOB, CBsI3aHHBIX ¢ bepeMeHHOCTHIO. VicceoBanbl 120 KopoB
FOJILITHHO-(PU3CKOI MOPO/bI CMELIAHHOTO BO3pAcTa U3 Pa3HbIX MOJIOUHBIX CTaf. KoHTpons GepeMeHHOCTH
y 68 CTebHBIX KOPOB OCYLLECTB/IS/IA METOO0M Y/IETPa3ByKOBOM JUarHOCTUKU Ha 35...40-i feHb roc/e uHCe-
MHHALU U TIOATBep’Kalu TpaHCPeKTalbHbIM UCC/eloBaHHEM Uepe3 2—3 MecsiLia Toc/ie MPOoBe/jeHusT UCKYyC-
CTBEHHOT'0 OCeMeHeHHUs1. 52 HeCTe/IbHbIX KOPOB COZiep>Kali U30/1MPOBaHHO OT CaML|OB Ha MPOTSDKEHUU BCEro
sKcrepuMeHTa. OBpasLibl KpOBKM 0TOMPAIUCh U3 XBOCTOBOM apTepyH B npobupku ¢ OATA. I1nasmy nonyyanu
LIeHTpUQyTrUpoBaHUEM U XpaHUIU MpU Temreparype —20 °C 1o Havasa NpoBeJieHus aHamu3a. KoHLeHTpauu
rnuKornpoTenHoB GepemeHHOCTH (I'TIB) y CTe/IbHBIX M HECTEIbHBIX KOPOB OINpeZie/isIv B 1171a3Me KPOBH C MO-
Motpro Habopa peareHToB VI®A. Bocnipoussogumocts pesynsratoB I'TIB-MIPA (BHYTpH- ¥ MeXXCepHUiHHOMH
CXOVMOCTH) yA0B/IeTBOpUTebHa (2,78 1 13,19 % coorBeTcTBeHHO). TouHOCTS (> 94,8 %) 1 TOBTOPSIEMOCTH
aHanM3a ObLIM B OCHOBHOM TpreMsieMbiMU. He Hab/mr07ia/10Ch nepeKpeCcTHOM peakLyy C pa3HbIMHA FTOPMOHAaMH,
MPOTECTUPOBAaHHBIMU B pasHbIX pa3BejeHusX. [JuarHoctryeckass 4yBCTBUTeNIbHOCTh ['TIB-UMA TecT-cucteMbl
cocraBmia 100 % u HabMrOAaMack OTpULiaTe/IbHast MPOTHOCTHYECKas 3HAUMMOCTb. [1py 3TOM CrierupuIHOCTh
Y NIPOrHOCTUYeCKas LIeHHOCTb NIO/IOKUTe/IbHOro pe3ybTara coctaBuid 91,93 u 71,15 % cOOTBeTCTBEHHO.
TouHOCTh AUArHOCTHKU GepemeHHOCTH ¢ riomoltbio I'TIB-U®PA cocraBunia 87,5 %. Takum obpa3oM, HacTosiILee
HCC/Ie[loBaHKe SIBHO MOKasbIBaeT, uTo Habop A1 VIPA MOXKHO HCIIO/Ib30BaTh /151 U3MepeHus cofiep>kanus ['TIb
B CbIBOPOTKEe KDOBH KOPOB C LIe/IbI0 OIpefie/eHys1 cTe/lbHOCTU. CriefloBaTe/bHO, IaHHbIN albTepHAaTUBHbIN MeTo/,
MO’KeT ObITb PEKOMEH/|0BaH JijIsl 3aMeHbl MeTO/|0B IMMYyHOAHa/M3a C IPUMeHeHHeM Pa/iM0aKTHBHBIX H30TOIOB
JU1s1 yyullleHus! PelpOyKTUBHBIX TT0Ka3aTesiel KOpoB U sB/sieTcsl 3 (eKTUBHBIM UHCTPYMEHTOM /s BOCIIPO-
M3BO/ICTBa MOJIOUHOTO KPYTTHOTO POTaToro CKOTa.

KnroueBble C/10Ba: IIMKOIIPOTEUHB! OepeMEeHHOCTH, UMMYHO(EepMEeHTHbIN aHa/IM3, UarHocTuka bepe-
MEeHHOCTH, KOPOBBI

3asiB/IeHHe 0 KOH()/IMKTe HHTEPecoB: ABTODbI 3asiB/ISAI0T 00 OTCYTCTBUM KOH(IMKTa HHTEPECOB.

BbnaropapHocTu.

TIpodeccop A. Asp 6narogaput I1. Jenaxo (CER Groupe, Mapnoii, Benbrust) 3a npefocraBieHre Habopa
peareHTOB Jy1s1 TpoBezieHust VIPA. ABTOpEI TaksKe 6/1arozjapsr BCex 3aBO/[UMKOB 3a FOCTENPUHUMCTBO U TEIUIbIH
TIpYeM BO BpeMsl IIPOBEJIeHUs MCC/Ie/JOBaHNI Ha TeppUTOPHUH (hepMBbl.
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TMoctynuna B pefakuuto: 5 ¢espans 2021 r. IlpunHsita K nybnvkauuu: 24 mast 2021 .
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