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 Introduction 
•Pregnancy-Associated Glycoproteins (PAGs), also known as 
pregnancy-specific protein B (PSPB) are used since early eighties as 
pregnancy markers in cattle and other ruminant species.  

•Until now, PAGs are mainly assayed in plasma or serum samples by 
using radioimmunoassay or ELISA systems.  

 Aim 
The aim of this work was to develop a very sensitive and robust 
immunoassay offering the possibility to quantify PAG in milk 
samples: the PAG-immunoradiometric assay. 

Materials and Methods 
 
 
 
 
 
 
 
 
 
 
 
 
Reagents: 

- Purified bovine PAG 67kDa was used as standard at concentrations 
ranging from 100 to 50,000 pg/mL.  

- Highly purified immunoglobulin hp-Ig708 (purified from polyclonal 
antiserum raised against caprine PAG 55kDa+59kDa) was used as 
capture antibody (0.01 µg/tube).  

- The hp-Ig727 (purified from polyclonal antiserum raised against 
purified boPAG67kDa) was used as detection antibody (1:8,000).  

- Radiolabeled streptavidin (125I-Strep; 50,000 cpm/100 µL) was 
used to reveal the Ab-Ag-Ab-Biot complexes 
 

Validation protocol: 

a) Minimum detection limit (MDL) was calculated as the mean 
concentration minus twice SD of 10 duplicates of the zero (B0) 
standard.  

b) Reproducibility was determined by calculating the intra- and inter-
assay coefficients of variation (CV).  

c) Accuracy was determined by adding increasing quantities of 
purified boPAG67kDa (10, 20, 40 and 80 pg) to bovine milk 
containing low PAG concentrations.  

d) Specificity was tested regarding 16 different compounds including 
carbohydrates, aspartic proteinases, hormones and major milk 
proteins. These molecules were tested at dilutions ranging from 0.1 
ng/mL to 100 µg/mL.  

e) Parallelism was assessed by serially diluting pregnant cow milk 
containing relatively high PAG concentrations. 

Results 
Mean standard curve of IRMA-PAG 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a) MDL was 4 pg/mL (more sensitive than RIA: 100 à 200 pg/mL) 

b) Reproducibility:  

 - CV intra-assay (20 replicates in the same assay) : 13.7% (194.4 ± 
26.6 pg/mL)  

 - CV inter-assay (10 different assays) : 15.8% (193.7 ± 30.6 pg/mL). 

c) Accuracy:  
 

 
 
 
 
 
 
 

 

d) Specificity: 

No cross reaction was observed with almost all tested compounds 
except lactoferin (2.4%), rennin (2.5%), porcine pepsinogen (2.3%) and 
porcine pepsin (5.2%) at 100 µg/mL (most of them at supra-
physiological levels).  

e) Parallelism: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Conclusions 
•The new IRMA-PAG is highly sensitive, accurate, precise and reproducible for PAG measurements in bovine milk samples.  
•Parallelism test reveals an excellent ability to quantify PAG concentrations in milk of dairy cattle.  
•This new test can be an alternative method useful for pregnancy diagnosis and follow-up in bovine species without stress for 
sample collection. 
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Fig. 1. The sample (volume until 4 mL) was incubated in the tube. After incubation, the whole 
sample was eliminated by several washes. Thereafter, an other antibody bound to biotin 
(detection antibody) was added in order to quantify the antigen present in the sample. After 
a second wash, the reaction was revealed by adding a Streptavidin tracer (125I). 

Fig. 2. 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 100 to 1,560 pg/mL. 

Table 1. Recovery of boPAG added to a sample containing low PAG concentrations. 

Fig. 3. Parallelism between standard curves and serial dilutions  of milk or serum from pregnant 
cows. Dilutions of bovine milk containing detectable PAG concentrations were parallel to 
standard curve. 
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The dairy industry rssresent$ 13?o of the turnover of the Eruopan food induetxy and nsrth-$/est Emnpe proclucer 607c of
t5e Eruopean urilk. However. in ?ût4 the rrrilk market has experienced a snbsiantial fall in milk pricer nf some 507p' At
these lsç'er prices for milk thc brisiness of ruany milk producers is rrot sustainable" Fue lû reççnl advançep, The nrid-iufrarad
(MtrR) analysis of ruillc perfonned within milk recording {b{R) promises rnor€ information thnn used tradilionatrly. Bçside {he

established MR paramefers (proæin, fat. lactose, and urea), the spectra could provicle ndclitional infcrmation on çoç'É' $tnhl$

for a range clf charaeteristics (e.g. fertility, health, energy balance" feeding and nrstha** entissiolr). Thus, fhe spÊclra rontinely

obtained from the MIR analysis of rnilk offer a possibility to develop novel, sost-effective lools which enable milk producers

to irnprove the rnanagement of fhEir dairy herds and ilr nrn reduce the costs for milk production. The ÛptiMIR project

aims t* improve the sustainability cf the dairy sector by developiug and providing inuovative, eeonomical and staudardized

Mlfi-based tools fm the management of dairy herds. Additionally, the project aims to cteat,e and prornote a franrev.'ork far

the cross-border exchange of infonnation and practices to euhance the service of milk tecording ocganizations (MROs)

in lorth-west Egrope and 1o strengthsn their competitiveness. In order to achieve these objectives. in ?Ûll the European

OptiMIR project was officially launched for a 5-year-period" The INTERREG IV B funded OptiÀ{IR projeet is a cooperation

befween tlrree rçsearch centem, three univereities, 11 MROs, and one laboratory frum six neirth-western European countries'

To accogrplish {he goals, fhe different processes frçm the iderrtification of the priority meas to the developrnent" validation, and

inrplenre*tatiol of fhe novel tools were outlinecl in three wodci*g packages rornprising lt acticns. A çornmon traasuati*rnal

elatabase combines the pheuotypic dala of the eows and tle MIR specha from the Etuolxan trvlR, ç'hich enables the deteclion

of rel*vant pheuotypic traits and their reflectios in the MIR. spectra. Additionally, a standaïdiuatiou has been irwtallEd âmong

all irrstnrnents of the milk analyzing laboratories invoh.ed in the OptiMIR pnjeçt to sn$urp a stable prediction over tirne

and a correctisn nf deviations. Due to fhe monthly st*xctranlizatio* pr*cess the dev*loped prediction *quation* ean bc usccl in

routine on all instruments taking part in the stanclardization" Different mpdels for the prerlicilçn of the pr*guattcy ntahtn, energy

balanee, the nrethans enrission ns vrell as the deteçtiorr of kctçsis and a*idçsis have becn dçvelotrxd tuithin OptiMIR. It is worth

rnerrtioning, that those nodsls predict thÊ st{tus of thE anirnal r,çith diffçrcsi acc*raçiçs and that progrçss on development

and iruplerneutation differs lretween the rnodels. Sune sf the tooLs dev*loped within ûptiMIR are already used in {he field

and pruvide dairy fanners with useful infsrmation e"g. about thc hEalth $i,eftl$ ûr mElhane emissisn of a certain ccw, The

OptiÀ,IIR project als* resultod in a collaborative planning on an economic ini*rest gronp fonnntion of the pa.*icipating MROs.

The final CIpfiMIR scientific and eq]êrt nreeting dissenrinates thç results obtained through OptiMlR rnore detailed and also

provides an overyiew of rccenf a vances in tlre cleveloprnent of mflIaÊern*rrt tools fpr the dairy sectsr. hlitial appficatiou of the

MIR-$ased tocls has shoç,t their potential for provicling dairy fanners çoith infosnatitxr to i*rprove their held managernent in

a ccst-effective way. Howaver, further research and developnrent is required to fiuish fr Éireatsr extead of MlR-based tools so

thaf uorlh-wesûenr European stakeholdErs can aeçrire competitive advantage in the dairy sector.
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