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 Development of a new 
immunoradiometric assay for 

Pregnancy-Associated Glycoproteins 
(IRMA-PAG) allowing pregnancy follow-

up in cattle by using milk samples 

Physiology of Reproduction, Faculty of Veterinary  Medicine, ULg 

Sousa N.M., Tchimbou, A.F., Beckers J.F. 



Pregnancy Associated Glycoproteins 
(PAGs) 

Synthesized in fetal cotyledons 

Glycoproteins MM between 35 and 70 kDa 

Belong to the family of aspartic proteases 

Also synthesized in intercaruncular area 
(Touzard et al. 2013) 

 

-placental units 

Butler et al. (1982), in Belgium by 
Beckers et al. (1988), and in France by Mialon et al. (1993). 
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Concentrations of PAG in bovine plasma or serum 

                         Days of pregnancy                                        Days before and after calving 

Profile of PAGs concentrations during pregnancy 

Zoli et al. (1992) 
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Low  
concentrations  



Assay of  

 PAGs molecules are stable 
 

        Long half life in vivo 
 

        Also stable in blood samples during transportation 
 

 

Blood samples can be sent by post !  
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PAG in milk samples 
from small ruminants 

The assay by the classical RIA 

allows the quantification of 

concentrations in milk of ewes 

and goats.  

Pregnancy diagnosis is valuable 

from Day 32 after mating. 

El Amiri et al. (2015) 

Gonzalez et al. (2001) 



Plasmatic concentrations are  

low till the 6th month after fertilization 

Day of pregnancy 

Unfortunately, in bovine species, 
blood concentrations are relatively 
low till the 6th month of gestation. 

Moreover, in cow, concentrations of 
PAG in milk are much more lower  
(20 to 30 times) than in serum. 

PAG in milk samples from cows ! 



An ASSAY in milk samples 

The challenge: 
 

Milk contains high concentrations of lipids, casein micelles, cells, 

 

A competitive assay in milk can be compared to a « jogging in a marsh land ». 

Non specific effects alter the speed of reaction between molecules and stability of 

reagents. 
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The choice of IRMA technique 

8 

IRMA technique uses coated antibodies in excess 

       

IRMA technique uses different antibodies for capture and revelation 

       pairs » of antibodies (capture and revelation Ab) were selected 

In IRMA system, by using coated tubes (with immunoglobulins) for the 

« capture », the sample can be eliminated (washed) after the first 

incubation. 

     

and interactions with the tracer. 



IRMA using biotiniled Ab and radiolabelled streptavidin 

Antigen 
concentration 

Binding 
 ratio 

Coated Ab PAG Biotinylated Ab Radiolabelled streptavidin 
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Binding ratio of eleven standard curves assayed by IRMA PAG (mean  SD). In the graphic inside (zoom) a focus was 

done on the std concentrations ranging from 0 to 1,560 pg/mL. Coated antibody was hp-Ig708 (0.32 µg/mL). Incubation 

with standard was performed ON-RT (under agitation). Incubation with biotinylated Ab (hp-Ig727 diluted at 1 :8,000) was 

performed at ON-RT (under agitation). Streptavidine tracer (50,000 cpm/100 µL) was incubated during 2 h (RT) before 

washing and counting. 

Standard curve - IRMA Results 
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Experimental animals and sampling 

Milk farm (90 dairy cows) from plateau de Herve  Belgium 

       Animals used for sampling: 20 cows 

      Duration of sampling: 20 months 

      Frequencies: Milk sampling: weekly 

          Blood sampling: monthly 

Results 
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Pays de Herve 



Weeks after AI 
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Zoom 

Mean PAG concentrations (+ SEM) measured in milk during pregnancy and before 
dry-off period. 



Mean (+ SEM) 
concentrations of PAG 
during pregnancy 
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Week Mean SEM 

0 13.1 1.8 

1 13.5 1.5 

2 15.9 2.2 

3 17.5 2.1 

4 24.5 4.2

5 29.8 4.9 

6 30.1 6.0 

7 43.6 7.6 

8 40.0 6.5 

9 57.5 8.4 

10 56.9 13.1 

11 93.5 20.4 

12 135.2 27.7 

13 159.7 32.2 

14 200.1 53.9 

15 274.1 56.1 

16 278.0 49.7 

17 282.5 35.3 

18 382.7 57.6 

Week Mean SEM 

19 360.2 56.7 

20 460.8 64.3 

21 539.5 84.4 

22 660.1 106.0 

23 644.5 103.1

24 805.4 112.6 

25 945.5 132.3 

26 1136.2 319.0 

27 1282.2 215.2 

28 1211.1 143.1 

29 1567.7 199.5 

30 1391.7 279.9 

31 1888.4 358.6 

32 2177.6 496.2 

33 2093.1 786.1 

34 1713.6 249.6 

35 1615.9 663.9 

36-40 Dry-off - 
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Analysis of individual profiles 
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Individual profile of PAG concentrations in one cow followed during two 

consecutive pregnancies:  

 1st lactation : abortion at the 35th week of gestation 

 2nd lactation : gestation until parturition 15 



Profile of PAG concentrations in one cow suffering abortion at the 28th week of 
pregnancy 

16 



Indivudual profiles of PAG concentrations in two cows inseminated several 
imes with success (Cow Tulipe, left side) or without success (Cow Gitane, right 
side).  17 



Individual profiles of PAG concentrations in one cow inseminated several times 
without success.  

18 

Zoom 
100 X 



In the present study, we developed an immunoassay 

allowing the precise quantification of PAG 

concentrations in the milk of bovine species 

Thus helping dairy cow breeders for follow-

up of pregnancy 

In summary 



AI AI ET 

Assay of PAG in milk 

Clinical/US diagnosis or assay of PAG in blood 

Pregnancy  
follow-up 

Perspectives offered   
by the project 
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Fecundation 

Calving 
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Final optihllR Scientific and Expert Meeting: Frorn milk
analysis to arJvisory tools (Palais des Congrè$, Namur,
HmÏgiwrTr, f S-T? April 3tlf 5}

OPTIhTTR . A PRÛJECT AIMING THE DEVELOPMENT OT'NilYEL MID.IHFRAAAD BASED
MÀNÂGEAITENT TOOLS FOR DAIRY HERDS

Panla Friedrichs {r), Cathçrine Bastin (2), Frédéric Deharçrg {r}, Brian S/ick}rarn {a},

Xavier Mnssafi (5), sditors
tr) Landeskonlrollverband Nordrhein-rffbstfaleu e.V. Bischofstra$e, S5. D-4?809 Krqtsld" fi-mail: friedrichs4irlkv-nrrnr.dg
(2) Uldïersit)' of Liege - Genrbloux Agro-Bio Tech- Passage des Déportés, 2. 8-5û30 Gemhloux.
Ë) vfalloon Agric*ltural Research centre. cha rssée de Nanrur, ?4. 8-5û30 Gembloux.
ta) Co$sultWicHiarn. Old Chapel Lane, -1. Clonakilty. Cp. trRl--Cork.
(5, Associ*tion 'wallonrle de l"É,levage ASBL. Rue tles chanryrs É,lysées. 4. 8-5590 ciney.

The *lairy industry represents l39r of fhe tumover of fhe Eurtrpean food industry and uorth-west Europ* produces ô0% of
the Eruopean trillç. Hawever, in 2Û14 the rrrilk urar'ket has ex.perienced a sut"rstantial fatt in milk prices of soure 5û%. At
these loç'er prices for rnilk the busi*ess ofrnany nûlk producers is not sustailable. Due to recent advances, tbe rnicl-infrarecl
(b{IR) analysis of ruilk performed n'ithin milk recording ftfR) prornises arorê information than used traditionatrly. Beside the
establisherl MR pararneters (protein, fat, laetose, and urea), the spectra could plovide additielnal infonnatiou or corars' $tatus
for a range ofcharacteristi*s (e.g. fertilitlr, health, energy balance" feeding and rnethane enrission). Thrrs. tlrg $pçcfta rorrtinely
obtained frorn the MIR analysis of ndlk offer a possibility to develoXr novel, cost-effective tools which enatllp nrilk producers
to irnprove lhe manageruent of their dairy herds and in turn reduce thç costs fçr milk prccluction. The fuliMtrR projeçt
airns io improve the sustainability of the dairy sector try *leveloping and providi.ug innovative, eççnonrical ancl standardized
MlR-based tools f.or the mauagement of dairy herds, Aûtitlonalty. tlre project aims t*r çrçate nnd prcmotê a frarrrçnsrk fer
the cross-border exchange cf infçrmati$n and practices to enhaoce the service pf milk renorrlillg oryauizatio*s (${ROs)
in nofih-west Eurrrpe a*d to strengthen their compefitil"eness. In trrder to achisye these objecdves, in 2CIll the Europeau
OptiMlR. project was officially larurched for a 5-year-period. The INTERRET fV B funded CIptih{IR p{oje* is a cooperation
befween lhflse rÊsearch certtÊrs, three universities, Il MR^ûs, and one laboratory from six nort!-wEstern European counhiçs.
To acconrplish the goals, fhe different processes from the identification of the priority areas tç the development, valiclatiot, ancl
inrplenrentation of fhe ûovel tools wçrç outlinecl in tfuee wolking packages cornprising lû netiots. A cornmon transnational
databars combines tlrc phe*ctypi* data nf the cçws and the MIR speclïa from the European MR.. which enables the detection
qf relevanf phen*typic fraits and their reflectiçn in the MIR. spectra. Additionaliy, a staudardization has been insralled amoilg
all irtslnmrents of the milk analyzirtg Lnbotatories involved in the ûptiMIR prwject to ênsrue a stable prediction over time
and a corEctiou of deviations. Due tc) the monthly stanclardization proeess the developed prediction equations can be usetl in
rorttine on all i$strumerits t*king p*rt in the stand*rdization" Different ruodels for the prerTicf.ion of the pregnaûcy stiltus. eûergy
balance,lhe rnethane emission as well as the detection of ketosis and acidosis have beerr developed within OptiMXR. It ie worth
mentisrti*g, that those nrodels predict tlte status of the âûirnôl with differelrt accuracies and that progtress on development
and irnplementation differs between the rnodels" Sorne of the tools developed within OptiMIR are alrendy used in ihe fieftl
and provide elairy farnrers with uscful informatinn e.6. about the health stehrs or mgthanç cmission of n certain csrn', The
CIptiMIR pmject also res$Ifed in a collabcrative planning on an eçonomic irrterest group farmntion of th* participating MRO*.
The final OpfiMIR scientifrc and expert nreefing dissenrinates thp resutrfs çbtained tluough CIpdMm" mçre ctetailecl ald alço
provides an overview ofreçent advalrces in the developnrent ofrnanagernçnt tnols for the dairy sector" Inidnl applicatinn ofthe
MlR-hased toçls has showu th*ir potential for provictring dairy fanners with infounation to improve their herd management in
a cost-effective way. Howel'er. fruther rçseârch and developurer:.t is rery"rired tç finish a grçatfir cxtçnd çf MlR-based tools so
thât nofih-westenr European stakeholder* can acquire competitive ach.anlnge in the d,airy sector.
Keywordx. Dairy inrtuslry, livestçck manageflrerrt, infrared spectronretry" researeh, Eruope.
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