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The ideal bovine pregnancy test:  
 
-early (day 20) 
-non invasive 
-reliable 
-cheap 
- .... 



What is available? 
 
-Rectal Palpation 
-Ultrasound 
-Progesterone 
-Oestrone sulphate 
 
-Pregnancy Associated Glycoproteins (PAGs) 
-Interferon-tau stimulated gene expression in PBLs 
-Circulating Fetal Nucleic Acids 
-Early Pregnancy Factor 
-Preimplation factor 
-Seed Germination Inhibition 



Bovine Placenta 
 -binucleate trophoblast (giant) cells (BNC) 





Granules contain: 
 -pregnancy associate glycoproteins 
(PAG) 
 -placenta lactogen (PL) 
 -prolactin related protein-1 (PRP1) 



hCG 

Girdle cells (eCG) 

BNC (PAGs, PL) 

Several ways to deliver trophoblast derived  
proteins into the mother: 

humans 

equids 

ruminants 



PHA-L 

Phaseolus vulgaris leucoagglutinin (PHA-l) 



fetal villi 

screening (Western-blot) of fractions with VVA  



N-terminal protein sequencing 

RGSXLTIHPLRNIRD (PAG-7) 

RGSXLT HPLRNIRD (PAG-6) 

RGSXLTTHPLRNIKD (PAG-1) 

SQISSRGSXLTIHP (PAG-17) 

=> Pregnancy-associated glycoproteins (PAGs) 



Pregnancy-associated glycoproteins (PAGs) 
 
-aspartic proteinases (related to pepsin) => inactive 
-expressed in artiodactyl trophoblast cells 
-very diverse in ruminants: ancient and modern PAGs 

Telugo et al.  
BMC Genomics 2009, 10:185  



Pregnancy Associated Glycoproteins (PAGs) 

PAG 

-complex spatial and temporal expression pattern 



RGSXLTIHPLRNIRD (PAG-7) 

RGSXLT HPLRNIRD (PAG-6) 

   RGSXLTTHPLRNIKD (PAG-1) 

SQISSRGSXLTIHP (PAG-17) 

Pregnancy-associated glycoproteins 

PNGase F 

PAG-6 

PAG-1 
380 AA 



Analysis of  
PAG-Glycans 
by MALDI-Mass 
spectrometry 

MS by Anne Dell / Poh-Choo Pang,  
Imperial College London  



Asn 
core Fucose 

bisecting GlcNAc 

β1,4Mannose 

http://www.glycosciences.de/modeling/sweet2/doc/index.php 

PAG-6 



Pregnancy Associated Glycoproteins (PAGs) 
 
    in Serum/ Plasma 
     -rise in late 20s 
     -very long half life ( about 8d) in serum  

Sasser et al., 1986, 
 Biol. Reprod. 35, 932-942 



 
=> 
The outcome was that, pregnancy could reliably be diagnosed from day 28 onwards 
in serum and from day 150 onwards in milk. 



Sousa N.M. & Beckers J.F. 
University of Liege, Belgium 

…development of an quantitave Immuno-Radio-Metric-Assay 

(IRMA)  

Ab 

captured 

Ag to be 

dosed 

Ab 

biotinylated 

Radiolabelled streptavidin 



Weeks after AI 

19 

Zoom 



Pregnancy Associated Glycoproteins (PAGs) 

 
-BioPRYN (BioTracking) test for PSPB (PAG) in blood 
http://www.biotracking.com/dairy 

Confirms pregnancy  
 -28 days post breeding 
 -at least 73 (90) days post-calving 
 
 
-IDEXX Milk Pregnancy Test 
https://www.idexx.com/livestock-poultry/ruminant/lpd-bovine-pregnancy-test.html 

Confirms pregnancy 
 -28 days post breeding 
 -from 60 days post calving 
 
 
 
 
 



Pregnancy Associated Glycoproteins (PAGs) 

- possible to determine pregnency from d28 onwards in milk 
- unlikely that it will be possible much earlier 
 
 
 
 



Interferon-tau stimulated gene expression in PBLs 

-Interferon-tau => molecule of maternal regognition of pregnancy 
  
-produced in uninucleated trophoblast cells  
 
-released at very low concentrations into maternal blood 
 
-induces alterations in gene expression in PBLs 
 



Interferon-tau stimulated gene expression in PBLs 

-aims at pd at day 17 => PGF2a at day 18  
-RNA from leucocytes 
-worked better in heifers 
 



Interferon-tau stimulated gene expression in PBLs 

-aims at pd at day 17 => PGF2a at day 18  
-RNA from leucocytes 
-worked better in heifers 
 



Interferon-tau stimulated gene expression in PBLs 



Interferon-tau stimulated gene expression in PBLs 

-interferon-stimulated protein 15 kDa (ISG15 ) 
-myxovirus-resistance (MX ) 1 
-myxovirus-resistance (MX ) 2 
-20 -50 -oligoadenylate synthetase 

from Kizaki et al., 2013 

 
 
all leucocytes 
 
 
 
granulocytes (G) 
 
 
 
monocytes (M) 
 
 
 
lymphocytes (L)  
 
 



Interferon-tau stimulated gene expression in PBLs 

Questions: 
 
-what causes the very early changes in gene expression?  
-is it affected by infections? 
-would it be possible to meassure it in cells in milk? 
 



Circulating fetal nucleic acids 

Transfer of fetal nucleis acids into the maternal circulation 
 
 
-used for prenatal diagnostics in humans 
-different placental barriere in cattle  

Human Bovine 



Circulating fetal nucleic acids 

DNA from lysed blood 
-PCR for TSPY-gene 
=> Identification of male fetusses 



Circulating fetal nucleic acids 

-days 0, 20, and 40 of pregnancy 
-DNA isolated from serum 
-identification of sequence tags which are increased at d20  
-quantification of 2 repetitive sequences 



pregnant           non-pregnant pregnant           non-pregnant 



Early Pregnancy Factor (EPF) 
 
Enigmatic Pregnancy Factor  
(F.M. Clarke, Journal of Assisted Reproduction and Genetics, Vol. 14, No. 9, 1997) 

 
 
 
 
 
-discovered in the 1970s in rat and human 
-very early (6-24 h after fertilisation) 
-detected in a bioassay –rosette inhibition test- 
 
-later EPF was identified as: 
 -heat shock protein: extracellular chaperonin 10  
 -200 kDa glycoprotein (ECF) 
 -67 kDa protein 
 -21 kDa protein 
 -12 kDa protein  thioredoxin (plus PAF) 
 -........ 



Early Pregnancy Factor 

Rosette inhibition test (original): 
 
Materials: 
-lymphocytes (e.g. mouse) 
-human erythrocytes 
-(human) serum 
-serum sample to be tested 
-anti lymphocyte serum (ALS) in dilutions 
 
Procedure: 
-Lymphocytes are incubated with serum samples 
-incubation with dilutions of ALS (plus human serum) 
-ovine erythrocytes are added => rosette formation counted in haemocytometer 
 
-rosette inhibition titer (RIT) = highest dilution which inhibits 25% of rosettes,  
 compared to controls 



Early Pregnancy Factor 

rosette formation 

with ALS 

CD2 (T-cells, NK cells)  => erythrocyte receptor  



Early Pregnancy Factor 

Mouse oestrus                   mouse d2 pregnant 

ALS dilution 

Inhibitory effect of ALS is enhanced by EPF 



Early Pregnancy Factor 

–rosette inhibition test- 
 
-difficult to do 
-time consuming  
 



Collectively, these data indicate that the current ECF test cannot accurately 
identify the nonpregnancy cow with the precision needed by the dairy 
producer. 

We conclude that the ECF test is an unreliable method for determining pregnancy status of  
dairy cattle on day 6 after estrus. 

ELISA for Early conception factor      
  (200kDa glycoprotein, Concepto Diagnostics, Knoxville,) 



-AI  = pregnant? 

Early Pregnancy Factor 

Rosette inhibition test: 
-bovine lymphcytes (from non-pregnant animal) 
-ovine erythrocytes 
-serum sample to be tested (day 1-3 and day 3-5) 
 
Lymphocytes are incubated with dilutions of serum samples 



Early Pregnancy Factor 

- interesting time period 
- rosette inhibition test seems to work 
- milk? 
 

 



Preimplanation factor 



Preimplanation factor 

 day-10,  22/23 (95.6%) 
 day 15,  18/21 (85%) 
 day 20, 23/23 (100%) 

Samples: serum from 21– 23 multiparous dairy Angus beef cows following AI (day 10, 15, 20) 
Controls: serum from 30 known non-pregnant heifers and 2 steers 
 
 
ELISA with  a monoclonal antibody against the PIF peptide 

 



Preimplanation factor 

What is PIF? 
PreImplantation Factor (PIF) (MVRIKPGSANKPSDD) 
 
 
 
 
 
 
 
 
Is the placenta the source and the only source? 
What happens in later pregnancy? 
 



Preimplanation factor 



Preimplantation Factor (“PIF”) can be detected by mixing  
-lymphocytes  
-platelets  
-heat inactivated serum from a pregnant subject  
-guinea pig complement  
-T11 (anti-CD2) monoclonal antibody  
 
=>rosette formation between platelets and lymphocytes is increased by PIF in 
 pregnant subjects 
 
 
(from patent US 7670850 B2) 

Preimplanation factor 



  
 

Barley [and] wheat, let the woman water [them] with her 
urine every day with dates [and] the sand, in two bags. 
If they [both] grow, she will bear. If the barley grows, it 
means a male child. If the wheat grows, it means a female 
child. If both do not grow, she will not bear at all 
 
 
from the Brugsch Papyrus, cited from Braunstein, Clinical Chemistry 60:1 
18–21 (2014) 

Seed inhibition test 



https://www.thieme-
connect.de/products/ejournals/pdf/10.1055/s-0028-1129965.pdf 

Dtsch med Wochenschr 1934; 60(22): 822-824 Seed inhibition test 

-Initial experiments with filter paper and Petri dishes 
did not show any differences 
-experiments on soil showed a strong inhibitory influence  
of urine from non-pregnant women 
-influence of fetal gender was not tested 

Experiments on Pregnancy Diagnosis in Urin 



https://www.thieme-
connect.de/products/ejournals/pdf/10.1055/s-0028-1129965.pdf 

Dtsch med Wochenschr 1934; 60(22): 822-824 

Barley seeds irrigated with urine from:  
pregnant women          non-pregnant women        water 

Seed inhibition test 



Seed inhibition test 



Seed inhibition test 



-25 cows AI (14, 21, 28, 35 and 45 day post insemination ) 
 
-25 cows (no AI) => controls 
 
-25 water controls 
 
 
 
 
-15 ml diluted (1:4) urine per Petri dish 
-15 wheat seeds / Petri dish 
 
 
 
 
-recording germination at day 3 and 5  
-recording shoot length at day  5 
 

Seed inhibition test 



=> Inhibition of germination and shoot  
      growth from day 28 onwards 

Seed inhibition test 



-general inhibition of germination by urine 
-inhibition by urine from non-pregnant alpacas was stronger 

Seed inhibition test 



Seed inhibition test 

-variation between species 
-in bovine so far only shown in India and Bangladesh 
-other factors (season, ...) might influence the test  
-works after 28 days or later 
-milk? 
 
 



Summary: 
 
- test for PAG in milk is now available (day 28) 

 
- there are several lines of research, which might lead to a test  

that can detect pregenancy earlier 



Thank you very much for your attention 


