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Reference diagnosis to MEASURE fertility and 
pregnancy losses following AI of dairy cattle

Most data since mid- to late 1930’s 

DAY 0 DAY ~35

AI PD
Pregnancy 
diagnosis

Semen 
capacitation

Fertilization Hatching Elongation
Maternal

Recognition
Attachment

DAY 0 DAY 0 DAY 8 DAY 11-18 DAY 18-20 DAY 20-21
Utilizing an earlier reference would 
allow for a better understanding 
of fertility and pregnancy losses 

following AI



Cited 
367 times

PIVOTAL PERIOD ESTIMATED % FAILURE

Fertilization failure ~10% (cold) | 50% (hot)
Period 1 – first week 10 to 50%

Period 2 – Day 8 to 28 19 to 41%
Period 3 – Second month 5 to 20%
Period 4 – Third month ~2%

No established in vitro models 
post-hatching

No method to assess elongation 
without terminating pregnancy
Interferon-stimulated genes

PREGNANCY ASSOCIATED 
GLYCOPROTEINS (PAGs)

e



EMBRYONIC

20% of trophoblast cells are trophoblast 
giant cells (TGC)

Cytoplasmatic granules:
Pregnancy Associated Glycoproteins (PAGs)

or pregnancy specific protein B (PSPB)

TGC have migratory behavior and can fuse 
with endometrium cells, forming 

trinucleate cells

After fusing, the granules are released and 
reach the maternal circulation

MATERNAL

CONCEPTUS ATTACHMENT, or CA DAY 20 OF 
GESTATION



PAGs are 
a multigene family 

with structural 
resemblance to the 

aspartic proteinase family 

Elisa and ria Assays 

were developed to 
measure these proteins 

in cattle

Blood and milk samples 

can be used to quantify 
PAGs concentration as a 

marker of pregnancy as soon 
as 28 d post-AI

Xie et al., 1991
Zoli et al., 1992

Green et al., 2005 Piechotta et al., 2011183 Pregnant cows at d 34 post-AI
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Determination of Initial Increase in PSPB or ca

Daily serum PAG/PSPB after AI/ovulation
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SE 100%   SP 75%

PRE-CA
Or

baseline

PERI-CA POST-CA

0,51 0,54 0,50 0,73
1,88

3,69

6,86

8,39 8,39 8,39 8,39 8,39

Increase of

≥12.5% 
from baseline

Two more days with 

≥12.5% increase
from the previous day
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Delayed CA was 
associated with parity

Middleton et al. 2022

Pursley et al. 1997

Minela et al. unpub.

Minela et al. unpub.

Fertility 
following 

estrus

Heifers
74% P/AI
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43% p/AI

Multi.
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Our lab has finalized analyses of n = 3 randomized controlled trials with daily PSPB concentrations

Totaling n = 839 lactating dairy cows

Study 1  – A. Santos*
n = 368  |  1st through 6th AI

Treatment with hCG on days 
2, 5, 2&5 post-ov, and 

control.

Objective was to modulate 
progesterone milieu 

during early embryonic 
development

Study 2  – T. Minela
n = 362 |  1st through 7th AI

Treatment with GnRH on 
days 18+25+32, 25+32, and 

32 post-AI. 

Objective was to induce 
accessory CL around CA to 

rescue pregnancies

Study 3  – T. Minela
n = 109 |  1st AI only

Treatments were: AI 
following estrus detection or 

Double-Ovsynch.

Objective was to 
determine differences in 

early pregnancy (CA) 
between these strategies
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60.5% had viable, growing conceptuses Between days 19 and 26 post-ai 

Outcomes from 3 studies – all services
STUDY 1: hCG treatment early post-AI. n = 368
STUDY 2: GnRH treatment late post-AI. n = 362
STUDY 3: Estrus detection vs. Double-Ovsynch. n = 109

839
cows

Less prevalent phenotype



Day of pregnancy diagnoses within day of conceptus attachment
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Delayed CA is associated with greater losses before first 
pregnancy diagnosis – Study 2, all services

Day of pregnancy diagnoses within day of conceptus attachment
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Days after AI/ovulation
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Secretion of PSPB is compromised in non-sustained pregnancies 
STUDY 1, all services

* *

CA and confirmed pregnant at d 35 (n = 183)

Loss between CA and d 35 (n = 46)

No CA (n = 139)

Preg. Status, Time, Status*Time P  < 0.01

** Denotes first day P  < 0.05 
Pregnant vs. No CA and Loss vs. No CA

Pregnant vs. Loss P  < 0.05 between day 22 to 28  
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*MODELED FOR LOSSES OCCURRING BETWEEN CA AND DAY 63 POST-AI.

COWS SYNCHRONIZED WITH DOUBLE-OVSYNCH FOR FIRST SERVICE
STUDIES 1, 2 AND 3
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P < 0.01
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Lost (n = 58)
Maintained (n = 188)

Preg. Status, Time, Status*Time P  < 0.01
* Denotes P  < 0.01 *

*

0.52±0.1 0.55±0.01

1.5±0.11.2±0.1

3.5±0.2
3.0±0.3

conceptuses of unsuccessful pregnancies had diminished PSPB secretion 
as soon as the second day following CA. 

Cows synchronized with Double-Ovsynch for first service. Modeled for losses occurring between CA and day 63 post-AI. Studies 1, 2 and 3.



Primiparous Multiparous P-value

CA (n/n) 73.6%
(78/106)

56.9%
(174/306)

<0.01

Loss between CA and 63 days 
post-AI (n/n)

15.8%
(12/76)

27.1%
(46/170)

0.06

Day CA (days) 20.5 ± 0.1 
(76)

21.2 ± 0.1 
(170)

<0.01

Cumulative PSPB first 3 days 
(ng/mL, n)

6.0 ± 0.4 
(76)

5.0 ± 0.2 
(170)

0.03

Primiparous have greater proportion of CA, tended to have fewer losses, have 
earlier CA and conceptus secrete greater PSPB: T H E Y  A R E  M O R E  F E R T I L E !

Cows synchronized with Double-Ovsynch for first service. Modeled for losses occurring between CA and day 63 post-AI. Studies 1, 2 and 3.



Lost 
(n = 58)

Maintained 
(n = 188)

P-value

Day CA (days) 21.6 ± 0.2 20.8 ± 0.1 <0.01

Cumulative PSPB first 3 days (ng/mL) 4.6 ± 0.4 5.6 ± 0.2 0.01

Ma in  tak eaway
CONCEPTUSES OF NON-SUSTAINED PREGNANCIES HAVE 

DELAYED AND DIMINISHED PSPB SECRETION

Cows synchronized with Double-Ovsynch for first service. Modeled for losses occurring between CA and day 63 post-AI. Studies 1, 2 and 3.

It is unclear if the decreased pregnancy survival is 
due to this disfunction in PSPB secretion by the 

conceptus or just an artifact of an underdeveloped 
conceptus fated to failure.
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