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ABSTRACT 
 

The study evaluated sonographic and serologic exams performed for early (20 to 30d) diagnosis of 

pregnancy. One hundred-twenty (n= 120) bovine recipients were synchronized (estrous=D0) and timed 

embryo transferred (TET, D7) with fresh in vitro produced embryos. In the first trial (n= 46), diagnosis of 

pregnancy was performed on day 20 (D20) by detecting CL blood flow (BF) and by Pregnancy-

Associated Glycoproteins (PAGs) serology. In the second trial (n= 30), pregnancy diagnosis was 

performed on D25 by ultrasound visualization of uterine contents and by PAGs serology. In the last trial, 

PAG’s serology was performed on D30. Ultrasonographic detection of the uterine contents and embryo 

viability performed on D30 (DG30) was considered the gold standard. The PROC FREQ procedure was 

used to test the agreement between diagnostic methods. On D20, the Doppler ultrasonography of the CL 

had showed high sensitivity (100%), but only moderate specificity (53.3%). On the same day, serologic 

diagnostic had no agreement (k= -0.08, P< 0.46) with the gold standard, with very low sensitivity (6.3%). 

However, the sensitivity of the serologic exam increased dramatically (from 6.3 to 100%) from D20 to 

D25, and it contributed to detect false negatives from the ultrasound diagnosis, improving the overall 

accuracy from 90% to 96.7%.  
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RESUMO 
 

O estudo foi planejado para correlacionar exames ultrassonográficos e sorológicos realizados para o 

diagnóstico precoce (20 a 30d) de gestação. Cento e vinte (n= 120) receptoras bovinas foram sincronizadas 

(estro=D0), e embriões frescos produzidos in vitro foram transferidos em tempo fixo (TETF, D7). No 

experimento 1 (n= 46), o diagnóstico de gestação foi realizado no D20, pela detecção do fluxo sanguíneo do 

CL e pela sorologia de glicoproteínas associadas à gestação (PAGs). No experimento 2 (n= 30), a detecção da 

gestação foi realizada por meio da visualização do conteúdo do útero e também pela sorologia para PAGs. No 

experimento 3, a sorologia para PAGs foi realizada no D30. Em todos os experimentos, a visualização 

ultrassonográfica da vesícula e da viabilidade embrionária, realizada no D30, foi considerada padrão-ouro. O 

procedimento PROC FREQ testou o nível de concordância dos métodos diagnósticos. No D20, o diagnóstico 

baseado na vascularização do CL mostrou alta sensibilidade (100%) e apenas moderada especificidade 

(53,3%). Nesse mesmo dia, o diagnóstico sorológico não apresentou concordância (k=-0,08, P<0,46) com o 

padrão-ouro, além de baixa sensibilidade (6,3%). No entanto, a sensibilidade do exame sorológico aumentou 

drasticamente (6,3 para 100%) do D20 para o D25, contribuindo para detectar falsos negativos 

diagnosticados pela ultrassonografia, melhorando a acurácia (90 para 96,7%). 
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INTRODUCTION 

 

The early identification of pregnancy after 

artificial insemination (AI) or embryo transfer 

(ET) is an important strategy to reduce 

parturition interval and increase reproductive 

efficiency of the herd (Diskin et al., 2012; 

Siqueira et al., 2013; Guimarães et al., 2015; 

Pohler et al., 2015; Pohler et al., 2016a; Pohler et 

al., 2016b). In reproductive management, early 

detection of non-pregnant cows allows rapid re-

insemination of those who failed to conceive or, 

alternatively, culling of unproductive animals. 

 

The evolution of diagnostic methods has 

contributed to an increasingly earlier diagnosis of 

pregnancy. Rectal examination of the uterus, 

starting 30 days after mating, has long been used 

to diagnose pregnancy in cattle (Lucy et al., 

2011). At the beginning of the gestation, the 

main criteria in this method is uterine horn 

asymmetry and its accuracy increases after 40 

days. The ultrasonography was a major advance 

in pregnancy diagnosis, as it allows the direct 

visualization of the embryonic vesicle from day 

23 to 26. However, the accuracy of 

ultrasonography is dependent on the experience 

of the technician, and it is consistently higher 

from day 30 (Beal et al., 1992).  

 

Several chemical and biochemical markers can 

also be used as indicators of pregnancy or non-

pregnancy. Estrone sulfate, for example, is a 

steroid hormone produced by the fetus that can 

be detected in the serum of the pregnant female 

from 100 days of gestation (Holdsworth et al., 

1982). Another marker is the Early Pregnant 

Factor (EPF), which can be detected in the 

bloodstream as early as 48h after the mating 

(Cordoba et al., 2001). However, this test is 

prone to many false-positives, probably due to 

early pregnancy losses, and the high costs 

prevents its commercial use. 

 

Progesterone analysis can be used for the 

detection of non-pregnant cattle. The absence of 

pregnancy is evidenced when low concentrations 

of progesterone are detected during the period 

that comprises the end of the cycle (luteolysis) 

and beginning of a new one (luteogenesis). It is a 

common chemical test, commercially available, 

although it is not largely routinely used (Pohler 

et al., 2016a,b). However, major differences in 

progesterone profile (high or low) can be 

indirectly inferred by the evaluation of corpus 

luteum (CL) vascularization using color Doppler 

ultrasonography (Ginther et al., 2009). Recently, 

this technique was successfully used for the early 

identification of non-pregnant cattle 20 days after 

artificial insemination (Siqueira et al., 2013) or 

14 days after embryo transfer (Guimarães et al., 

2015). 

 

The detection of Pregnancy-associated 

Glycoproteins (PAGs) has become another 

alternative to early pregnancy diagnosis. The 

trophoblastic bi-nucleated cells (BNC) produce 

these glycoproteins in order to attach the 

chorioallantoic membrane to the endometrium 

(Pohler et al., 2015). Part of these glycoproteins 

reache the bloodstream and a significant increase 

in maternal plasma concentrations occurs 

between 22 and 24 days of gestation (Green et 

al., 2005). The maternal levels of these 

glycoproteins are variable, and a peak 

concentration occurs around mid gestation, when 

it starts to fall and declines until birth, although 

detectable concentrations are present for a few 

days after parturition (Constant et al., 2011).  

 

This study evaluated ultrasound technics and 

PAGs serology performed for early pregnancy 

diagnosis (20 to 30d) in bovine embryo 

recipients. Our hypothesis is that the detection of 

the PAGs, in association with the use of 

ultrasound, can increase the accuracy of early 

pregnancy diagnosis. 

 

MATERIALS AND METHODS 

 
For this study Nelore cows (Bos taurus indicus) 

were used as embryo recipients. These animals 

were kept extensively on a grazing system 

(Brachiaria brizanta), under a stocking rate of 

1.0 animal/ha and under the same environment 

conditions of light and temperature, during the 

rainy season. The animals received a complete 

mineral mixture supplement and had free access 

to water throughout the experimental period. All 

experimental procedures were previously 

approved by the Ethics Committee for animal 

use of the Universidade José do Rosário Vellano 

- UNIFENAS (Protocol-UNIFENAS 9A/2016).  

 

Three independent trials were performed to 

evaluate the accuracy of ultrasonography and of 

serology for PAGs as isolated and 

complementary tools to diagnose early 
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pregnancy in cattle. In all trials the recipients 

underwent the same hormonal protocol for the 

synchronization of estrus and ovulations. Starting 

on day -10 (D-10, the expected estrus was 

defined as D0) all animals received an 

intravaginal progesterone device (0.75g) and an 

IM injection of 2mg estradiol benzoate (EB). On 

D-2 the intravaginal device was withdrawal and 

0.15mg D-cloprostenol, 25IU follicle stimulating 

hormone (FSH/LH), and 0.5mg estradiol 

cypionate (EC) were injected IM. The estrus of 

the recipients was expected to occur 

synchronously with the recovery at 

slaughterhouse of the cumulus-oocyte complexes 

(COCs) used for in vitro embryo production 

(IVEP). Seven days later (D7), each recipient 

was examined by rectal palpation for CL 

presence and size. The animals with a large- or 

medium-size CL received a fresh embryo, which 

was placed non-surgically in the uterine horn 

ipsilateral to the CL.  

 

After embryo transfer, the recipients (N= 120) 

were assigned to one of the following trials: Trial 

1, Diagnosis of pregnancy based on CL blood 

flow and serologic detection of PAGs performed 

on day 20 (N= 46); Trial 2, Diagnosis of 

pregnancy based on detection of the embryonic 

vesicle and serology for PAGs on day 25 (N= 

30); and Trial 3, Diagnosis of pregnancy based 

on embryo detection and serology for PAGs on 

day 30 (N= 44). For trials 1 and 2, the animals 

were subsequently checked for embryo detection 

on day 30, which was considered as the “gold” 

standard reference for pregnancy. In trial 3, the 

efficiency of serological diagnosis was compared 

directly with the gold standard. The experimental 

design is summarized in Figure 1. 

 

 
Figure 1. Experimental design for early pregnancy check in bovine embryo recipients. 

 

Embryos were produced in vitro following the 

standard protocol of a commercial IVEP 

laboratory (Biotran, LTDA, Alfenas, MG, 

Brazil). Ovaries of crossbreed animals were 

collected at slaughterhouse and kept in 0.9% 

saline (NaCl) solution at 35 to 37°C during 

transportation. In the laboratory, follicles with 2 

to 8mm in diameter were aspirated, using 10mL 

disposable syringes equipped with 18G needles, 

and the COCs recovered were used to in vitro 

maturation, fertilization, and subsequent embryo 

culture under controlled conditions (38.5°C, 5% 
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CO2 and 95% humidity atmosphere). Semen 

from a single Nelore breed bull, with previous 

record of good fertility, was used for 

fertilization. On day 7, blastocysts (BL) or 

expanded blastocysts (BX) classified as quality 

grade I (according to the manual of the 

International Embryo Transfer Society, 2010) 

were selected to be transferred. Embryos were 

kept in holding media at 37
o
C until transfer. 

 

In trial 1, the CL blood flow was evaluated by 

color Doppler ultrasonography on day 20 

(DG20) of the expected pregnancy (i.e., 13 days 

after embryo transfer), as previously described 

(Guimarães et al., 2015). In trial 2, B-mode 

ultrasound was used to visualize the embryonic 

vesicle inside the uterine horn ipsilateral to the 

CL on day 25 (DG25). For the gold standard, B-

mode ultrasound was used to visualize the 

embryo itself, as well as its heartbeats, on day 30 

(DG30). All transrectal ultrasound examinations 

were performed using a 7.5MHz probe (M5, 

Mindray, DPS medical equipment, São Paulo, 

SP, Brazil). 

 

For the serological diagnosis of pregnancy, 

boPAGs (bovine PAGs) were directly detected in 

plasma using an immunoenzimatic assay 

(ELISA). Blood samples were collected by 

puncture of the coccygeal artery or vein, 

immediately after ultrasound evaluations 

performed on days 20, 25, or 30 (trials 1, 2, and 

3, respectively, and for the gold standard). Blood 

samples were kept in tubes with EDTA and 

stored at 4
o
C. Plasma was obtained by 

centrifugation at 600G for 10 minutes, and 1mL 

was stored at -20°C until further analysis.  

 

The immunoenzymatic assay was performed 

with a commercial kit (IDEXX
®
 - Rapid Visual 

Pregnancy Test) containing conjugated enzyme, 

specific antibody (anti-PAG), reference 

standards (negative and positive); enzymatic 

substrate and wash solution. After dilution and 

incubation of the samples, positive samples form 

enzyme-antibody-PAG complexes. After 

washing, the enzymes that did not form the 

complex were extracted from the system. The 

final concentration of the enzyme is directly 

proportional to the concentration of the 

glycoproteins present in each sample. The 

subsequent enzymatic action after substrate 

addition promotes change in the color of the 

solution. Samples were considered as from 

pregnant cows when the coloring tone of the 

solution was equal or greater than the observed 

in the positive standard. 

 

In all experiments, the ultrasound examination 

performed on day 30 (DG30) was considered the 

gold standard reference. Data from ultrasound 

and serological diagnosis performed for the 3 

trials were analyzed by the statistical procedure 

PROC FREQ and represented in correlation 

charts, showing the level of agreement - Kappa 

(k) - between the tests, with its confidence 

interval (95%). In trials 1 and 2, ultrasound and 

serological diagnosis were confronted with the 

gold standard reference. In experiment 3, the 

correlation chart and the Kappa statistic were 

performed to detect the level of concordance 

between the serology and DG30. Confidence 

interval of 95%, represented in each figure, was 

built to place Kappa variation. All procedures 

were carried out in the statistical software SAS 

version 9.4, accessed through SAS virtual 

University Edition. 

 

RESULTS 

 
In the first trial, pregnancy diagnosis based on 

CL blood flow (DG20) showed a moderate 

degree of agreement (k= 0.44, P< 0.0003) with 

DG30 (Figure 2A). The negative predictive value 

of 100% represents the absence of false negative 

results. However, the positive predictive value of 

53.3% was due to false positive results, and it is 

represented in Figure 2A by the gray areas above 

the diagonal dash line. On this same gestational 

age, serological diagnosis by PAGs detection had 

no agreement (k =-0.08, P< 0.46) with the results 

of the gold standard reference (DG30). This test 

showed low sensitivity (6.3%) to detect positive 

animals on day 20 (Figure 2B). 

 

When performed on day 25, both B-mode 

ultrasound and PAGs detection showed a high 

degree of agreement (P< 0.0001) with the gold 

reference (Kappa of 0.80 and 0.86 for ultrasound 

and serology of PAGs, respectively). However, 

the sensitivity of the ultrasonography was 88.2%, 

due to the occurrence of two false negative 

diagnoses - gray areas below the diagonal dash 

line (Figure 3A). Otherwise, the serology PAG 

was 100% sensitive, not showing false negative 

results, but 2 false positive diagnoses were 

observed (Figure 3B).  
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Figure 2. Correlation chart of the pregnancy diagnosis based on color Doppler of the CL (Figure 2A) and 

PAGs serology (Figure 2B) performed at day 20 (DG20) of the expected pregnancy of bovine embryo 

recipients. In each chart, the black squares represent the exact agreement between the "GOLD" standard 

reference (DG30) and the method under test. Gray areas represent disagreement between the diagnostic 

methods, and false positive results are placed above the dashed diagonal line, while false negatives are 

below this line. The level of agreement (Kappa) and its variation (CI 95%) between the diagnostic method 

performed on DG20 and the standard reference (DG30) are also shown in Figure 2A and Figure 2B. 

 

 
Figure 3. Correlation chart of the pregnancy diagnosis based on visualization of the embryonic vesicle 

(Figure 3A) and PAGs serology (Figure 2B) performed on day 25 (DG25) of the expected pregnancy of 

bovine embryo recipients. In each chart, the black squares represent the exact agreement between 

"GOLD" standard reference (DG30) and the method under test. Gray areas represent disagreement 

between the diagnostic methods, and false positive results are placed above the dashed diagonal line 

while false negatives are below this line. The level of agreement (Kappa) and its variation (CI 95%) 

between the diagnostic method performed on DG25 and the standard reference (DG30) are also shown in 

Figure 3A and Figure 3B. 

 

In trial 3, when held at 30 days of gestation, 

pregnancy check based on serologic detection of 

PAGs also presented 100% of sensitivity and 

high agreement (k= 0.82, P< 0.0001) with the 

ultrasound gold standard. The test showed no 

false negative results; however, false positives 

were observed in 4 diagnoses (Figure 4). 
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Figure 4. Correlation chart of the pregnancy diagnosis based on PAGs serology performed on day 30 of 

the expected pregnancy of bovine embryo recipients. In each chart, the black squares represent the exact 

agreement between "GOLD" standard reference (DG30) and the method under test. Gray forms represent 

disagreement between the diagnostic methods, and false positive results are placed above the dashed 

diagonal line, while false negatives are below this line. The level of agreement (Kappa) and its variation 

(CI 95%) between the Serology performed on day 30 and the standard reference (DG30) are also shown 

in Figure 4. 

 

DISCUSSION 

 
This study combined ultrasonography and a 

serological diagnostic method in order to 

increase the accuracy of early pregnancy 

detection in cattle performed up to 30 d after 

estrous. The ultrasound examination has high 

accuracy for this diagnosis, especially after the 

28 days (Quintela et al., 2012). However, with 

the progressive improvement in the quality and 

resolution of ultrasound equipment, and the 

recent introduction of Color Doppler technology 

to access CL functionality (Ginther et al., 2009; 

Siqueira et al., 2013; Guimarães et al., 2015), the 

tendency is to decrease this threshold. 

 

The pregnancy diagnosis based on CL blood 

flow, when performed on day 20 of the expected 

pregnancy post -AI (Siqueira et al., 2013) or -ET 

(Guimaraes et al., 2015) has a great use 

potential, especially for the detection of non-

pregnancy. However, the specificity of this test is 

affected by the occurrence of irregular (long or 

short) CL lifespan, and by early embryonic loss. 

In the first trial, this diagnostic method proved its 

high sensitivity (100%), with no false negative 

results, even though the specificity was only 

moderate (53.3%). In this case, the low (34.8%, 

16/46) conception rate may have been associated 

with embryonic losses after maternal recognition, 

and thus with a higher incidence of prolonged 

cycles. The attempt to reduce false positive 

results (46.7%, 14/30) by including PAGs 

serology was not successful. On this gestational 

age, the low sensitivity of the test to detect 

positive animals partially rejects our hypothesis, 

and it did not contribute to improve overall 

accuracy of the color Doppler method (69.6%). 

 

The embryonic vesicle and the embryo itself can 

be detected with ultrasound as soon as 18.5 

(Totey et al., 1991) or 20.3 (Curran et al., 1986) 

days of gestation. However, when performed too 

early, this method has limited accuracy due to 

anatomical differences, volume of liquids and its 

concentration in specific segments of the uterine 

horn. Thus, this diagnostic approach is not 

practical when performed before 26-28 days of 

gestation (Pieterse et al., 1990; Romano et al., 

2006; Quintela et al., 2012). In this study, the 

examination was performed on day 25 and the 

sensitivity of 88.2% was due to 2 false negative 

results. Safe detection of non-pregnant animals is 

the major concern of early pregnancy diagnosis, 

since animals can be quickly re-synchronized. At 

this gestational age, PAGs inspection contributed 

to improve the accuracy of ultrasound 

examination (from 90.0 to 96.7%), which is in 

agreement with our hypothesis. The considerable 

increase in maternal concentration of PAGs that 
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occur between days 22 to 24 of gestation (Green 

et al., 2005) is probably responsible for the 

elevation of the sensitivity of the test from 6.3% 

(DG20) to 100%, i.e., when performed 5 days 

later. Thus, the serologic exam allows false 

negative results from B-mode ultrasound to be 

detected. 

 

According to the manufacturer, serological 

detection of the PAGs gives 98-99% of true 

positive (pregnant), with 1-5% of false positive 

results, when samples are taken from D28. In this 

study, when samples were held 3 days before 

recommended (DG25) or on day 30 (DG30), the 

overall accuracy of this diagnostic method was 

93.3 or 90.9%, respectively. The true positive 

value was 84.5 and 89.5%, with 6.7 (2/30) and 

9.1% (4/44) of false positive results for DG25 

and DG30, respectively. 

 

Early embryonic loss (EEL) can be caused by a 

number of factors that take place until 28d of 

gestation (Diskin and Morris, 2008), and its 

incidence can reache 20 to 40% (Santos et al., 

2009). Once established the relationship between 

trophoblast and endometrium, gestational 

glycoproteins are released into maternal 

bloodstream with half-life of 4.3 to 8.4 day 

(Green et al., 2005). Therefore, the incidence of 

false positive results with serological detection of 

PAGs is directly influenced by the rate of EEL, 

which disturbs the positive predictive value of 

the test. In this study, the rate of EEL was not 

evaluated, however, during the ultrasound 

evaluations, reduced uterine content associated to 

the lack of an embryo in recipients with false 

positive results (n= 4) in the serological test, 

performed on DG30 was observed. These 

observations, combined with the presence of 

corpus luteum, may suggest recent embryo loss.  

 

CONCLUSIONS 

 
The PAGs serology did not contribute to reduce 

the incidence of false positive results, when 

associated to color Doppler ultrasound on DG20. 

However, the high sensitivity (100%) of the test 

when performed from day 25 (DG25 and DG30) 

can reduce the incidence of false negative 

diagnosis, when associated to the use of B-mode 

ultrasound examination on day 25. Regardless of 

the method, the occurrence of embryonic loss 

can affect the results of the diagnosis, mainly for 

the specificity of serological examination.  
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