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Contents 

This is the first time that PAG determination using two different antisera raised against PAG-

molecules purified from both caprine (RIA-706) and bubaline placentas (RIA-860) is reported in 

water buffalo. Ninety-eight buffalo cows, belonging to a buffalo herd subjected to a synchronization 

and artificial insemination (AI) program, were enrolled in this study. Blood samples were taken on 

days 0 (AI), 23, 25, 28, 30 and 45. Pregnancy was confirmed by ultrasonography on days 28 and 45. 

The blood of 20 buffaloes that had calved was tested every five days from the day of calving until 

day 50 post-calving. Differences in PAG concentrations were observed between pregnant and non 

pregnant buffaloes starting from day 23 post AI by using both RIA-706 and RIA-860 (P < 0.001). 

However, estimated mean concentrations of PAG measured by RIA-706 were higher than RIA-860 

(P<0.001) and Bland-Altman analysis showed biases ranged from 0.0 ng/mL at day 23 to 0.79 ng/mL 

at day 28 post AI. Moreover, RIA-706 showed greater sensitivity and accuracy both at 23 and 25 days 
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of pregnancy. RIA-706 and RIA-860 decreased below 1 ng/mL from 40 and 30 days post-partum, 

respectively, suggesting that PAG are better recognized by the antisera raised against the caprine 

PAG in the post-partum period also. This is essential when using PAG as an appropriate marker of 

early pregnancy after post-partum for detecting new pregnancies. The results of this study show that 

the ability of RIA-systems to recognise early PAG could be improved by using antisera raised against 

PAG molecules isolated from caprine placenta. 

 

Keywords: buffalo, pregnancy-associated glycoprotein, RIA-706, RIA-860, pregnancy. 

 

INTRODUCTION 

Pregnancy-associated glycoproteins (PAGs) are a multigene family related to aspartic proteinases 

that are expressed in the placenta in eutherian species (Zoli et al., 1991; Garbayo et al., 2008; 

Wallace et al., 2015). Phylogenetic analyses have shown that there are two distinct groups of PAGs 

known as “ancient” (PAG-II group: PAG-2, PAG-8, PAG-10 to PAG-13) and “modern”  (PAG-I group: 

PAG-1, PAG-3 to -7, PAG-9, PAG-14 to -18, PAG-20 to -22) (Hughes et al., 2000).  

Using various chromatographic procedures, some members of the PAG family have been isolated 

from the cotyledons of several species of the order Cetardiodactyla  (Zoli et al., 1991; Szafranska et. 

al., 1995; Xie et al., 1997; Garbayo et al., 1998; El Amiri B. et al., 2004; Green et al., 2000;  Sousa NM. 

et al., 2003; Majewska et al. 2006; Brandt et al., 2007; Beriot et al., 2014) including water buffalo 

(wbPAG; Barbato et al., 2008; 2013).  

PAG concentrations in the maternal blood of ruminant ungulates have become useful tools for 

monitoring pregnancy. Purified and semipurified PAG preparations have been used to immunize 

rabbits; the antisera (AS) thus obtained have led to the development of homologous (Zoli et al., 

1992a) and heterologous radioimmunoassays (RIA) (Zoli et al., 1992b; Perenyi et al., 2002).  
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Our research group (Barbato et al. 2013; Barbato et al. 2016) reported using antisera raised against 

buffalo PAG molecules, purified from buffalo placenta, in order to develop a specific RIA system 

(RIA-860) for pregnancy diagnosis in buffalo. Using this system, the plasma PAG profiles of water 

buffalo during pregnancy and postpartum periods have been recently described (Barbato et al., 

2017).  

In a previous study, (Barbato et al. 2009) using antisera raised against heterologous PAG-molecules 

such as  RIA-497, RIA-706 and RIA-708 (antisera raised against boPAG67kDa, caPAG55kDa+62kDa and 

caPAG55kDa+59kDa respectively) for detecting PAG in pregnant buffalo cows, we observed that from 

week 6 of gestation onward, analogous PAG antigens were better recognized using RIA-706 (antisera 

raised against caPAG55kDa+62kDa ). Other authors (Karen et al. 2007; El Battawy et al. 2009) also 

reported using RIA-706 system to determine PAG in buffalo species. 

Various studies have demonstrated that heterologous RIA-706 is able to measure bovine PAG 

concentration (Perenyi et al., 2002; Lopez Gatius et al., 2007; Ayad et al., 2009).  

For this reason, we wanted to determine the best RIA system (RIA-706 or RIA-860, developed by 

using antisera raised against PAG molecules purified from caprine or bubaline placentas) for early 

pregnancy diagnosis in this species. The correlation between concentrations measured by the 

aforementioned RIA systems, their ability to detect PAG molecules during pregnancy and the 

disappearance in the post-partum were investigated. 
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2. MATERIALS AND METHODS  

2.1. Animals and experimental design  

The experiment was carried out at the experimental farm of the CREA Research Centre for 

Animal Production and Aquaculture in Monterotondo (Rome, Italy, 42° N parallel).  

Ninety-eight cows belonging to a Italian Mediterranean buffalo herd subjected to a 

synchronization and artificial insemination (AI) program were enrolled in the study and 

divided ex post into groups (pregnant and non-pregnant) as described below. The buffaloes 

were synchronized with a progesterone releasing intravaginal device (PRID; Sanofi, France) 

containing 1.55 g natural progesterone inserted in situ for 10 days. On day 7, an i.m. injection 

of 1000 IU of Pregnant Mare Serum Gonadotrophin (PMSG; Ciclogonina, Fort Dodge, Italy) 

and 0.15 mg of cloprostenol (PGF2α analogue; Dalmazin, Fatro, Italy) were administered. On 

day 10, the PRID was removed and the cows were artificially inseminated at 72h and 96h 

after device withdrawal. The day of the second AI was considered as day zero. 

Blood samples were taken from the jugular vein and collected in 10 ml EDTA tubes  at days 

0 (0d),  (23d), 25 (25d), 28 (28d), 30 (30d) and 45 (45d) after AI in order to detect the 

presence of PAG molecules in early pregnancy. The blood of 20 buffaloes that had calved 

was tested every five days from the day of calving until day 50 post-calving in order to 

determine PAG disappearance. 

The plasma was immediately separated by centrifugation (1,200 x g for 15 minutes at 5 °C) 

and stored at -20 °C until assayed.  

 

The animals involved in this experiment were treated in compliance with the animal testing 

regulations established under Italian law. The experimental design was carried out according to good 

veterinary practices under farm conditions. The CREA Research Centre for Animal Production and 
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Aquaculture is authorized to use farm animals for experimental design (as stated in DM 26/96-A of 

Italian Welfare Ministry). 

 

2.2. Pregnancy diagnosis 

The animals were classified ex post as pregnant (P group) and non-pregnant (NP group) based on 

ultrasound findings and PAG concentrations. 

 

Pregnancy was diagnosed on days 28 and 45 from AI by transrectal ultrasonography (Aloka–

SSD Prosound 2 scanner, Hitachi Medical System, Italy) using a 7.5 MHz linear-array 

transducer. The same operator performed all of the ultrasound scans. Positive pregnancy 

status on day 28 and day 45 was characterized by the presence of embryonic vesicles and 

embryo proper within the embryonic vesicle and heartbeat visualization (embryo viability). In 

the absence of embryonic vesicles or embryo proper in the uterine lumen on day 28 and day 

45, the females were considered as non-pregnant. Pregnancy status was confirmed by 

transrectal palpation on day 60. 

 

2.3. PAG radioimmunoassay 

 

Two different radioimmunoassay systems (RIA-706 and RIA-860) obtained using the method 

previously described by Perenyi et al. (2002) and Barbato et al. (2009) were used to measure PAG 

concentrations. Pure boPAG67kDa preparation was used as standard and tracer for all PAG assays. 

Iodination (Na-I125, Amersham Pharmacia Biotech, Uppsala, Sweden) was carried out according to 

the Chloramine T method previously described by Greenwood et al. (1963).  
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Polyclonal antisera were raised in rabbits using different PAG preparations according to the 

Vaitukaitis et al (1971).  Anti-caPAG55+62kDa (AS#706, PAG accession numbers P80935; Garbayo et al., 

1998) and anti-wbPAG55+59kDa (AS#860; PAG accession numbers P86369; Barbato et al., 2009) 

polyclonal antisera were used respectively in RIA-706 and RIA-860. The double antibody precipitation 

system was composed of a mixture of sheep anti-rabbit immunoglolobulin (0.83% v:v), normal rabbit 

serum (0.17% v:v), polyethylene glycol 6000 (20 mg/mL; Vel, Leuven, Belgium), cellulose 

microcrystalline (0.05 mg/mL; Merck, Darmstad, Germany) and BSA (2 mg/mL; Fraction V, ICN 

Biochemicals Inc.), diluted in Tris buffer (25 mM Tris, 10 mM MgCl2 and 0.02% w/v NaN3; pH 7.5).  

Firstly, the plasma samples were assayed in a preincubated system. Briefly, standard (0.2-25 ng/mL) and 

plasma samples (100μL) were aliquoted into duplicate assay tubes and diluted respectively with 0.1 mL 

and 0.2 mL of Tris-BSA buffer (Tris-HCl containing 1 mg/mL of BSA; pH 7.5). 

In order to minimize nonspecific interference of plasma proteins, 0.1 mL of bovine PAG-free plasma was 

added to all of the standard tubes. 0.1 mL of the diluted antiserum (AS#706: 1/100,000 and AS#860: 

1/840,000) were then added and the tubes were incubated overnight at room temperature. The 

following day, 0.1 mL of radiolabelled 125I-PAG (28,000 counts per min) was added to all of the tubes, 

which were further incubated at room temperature for 4 h before adding 1.0 mL of double antibody 

precipitation system.  A further 30 min incubation at room temperature was carried out before adding 

2.0 mL of assay buffer. Bound (B) and free PAGs were separated by centrifugation (1,500 x g for 20 min). 

The supernatants were discarded and the radioactivity of the pellet was determined using a 

Multigamma Counter (LKB Wallac 1261; Turku, Finland). 

 

Samples with higher PAG concentrations than the estimated standard dose at which the percentage 

B/B0 was 20% (ED20) were re-assayed in non-preincubated systems in which the standard curves 

ranged from 0.8 to 100 ng/mL. Tracer was added to these systems simultaneously with one of the 
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aforementioned first antibodies (AS#706: 1/100,000 and AS#860: 1/840,000). The following day the 

double antibody precipitation system was added and further 30 min incubation was carried out 

before separating bound and free PAGs. 

 

The minimum detection limit (MDL), calculated as the mean concentration minus twice standard 

deviation (mean – 2 SD) of 20 duplicates of the zero (B0) standard (Skelley et al., 1973), were 0.1 

ng/mL, and 0.4 ng/mL for RIA-706 and RIA-860 respectively. 

 

2.4. Statistics analyses 

The data were analysed using Linear Mixed models. Time (days post AI or post-partum) and Buffalo 

were included in the models as a repeated measure and as a random factor, respectively. We 

preliminarily analysed PAG-706 and PAG-860 concentrations during early pregnancy in order to 

investigate the differences between the two RIA systems in pregnant and non-pregnant animals. 

These models evaluated the effects of Time (6 levels: 0, 23, 25, 28, 30, and 45 days post AI), group (2 

levels: P and NP), RIA systems (2 levels: PAG-706 and PAG-860) and their interactions. The model for 

the postpartum period evaluated the effects of Time (11 levels: every 5 days from calving to day 

50post-calving), RIA system (2 levels: PAG-706 and PAG-860) and Time x RIA system interaction. 

Sidak corrections were used to obtain pairwise comparisons, while diagnostic graphics were used to 

check assumptions and outliers. Log(x+1) transformations were used for both PAG-706 and PAG-860 

values. The results were expressed as estimated marginal means ± standard error (SE) while the raw 

data were presented in figures.  

The elimination rate constant was calculated from the slope of the line during the post-partum 

period by linear regression analysis of the semilogarithmic plot of PAG concentrations versus time 
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while the half-life was obtained as follows: (ln 2 /elimination rate constant) (Barbato et al., 2017; 

Menchetti et al., 2018). 

We used Bland-Altman plots to assess agreement between the two methods in early pregnancy (at 

23, 25, and 28 days post AI in P group) and regression analysis for detecting proportional bias (Bland 

& Altman, 1999; Watson & Petrie, 2010). If model assumptions were not met, we adopted the 

nonparametric approach and presented median as bias, 2.5th and 97.5th percentiles of the 

differences as limits of agreements (LoA; Bland & Altman, 1999). Bland-Altman plots were 

performed using GraphPad Prism version 6.0 (San Diego, CA, USA). 

After categorization of the PAG-706 and PAG-860 concentrations according to the threshold of 1.0 

ng/mL (PAG < 1.0 = No Pregnant; PAG ≥ 1.0 ng/mL = Pregnant), we calculated accuracy, sensitivity 

and specificity at 23, 25, and 28 days post AI. Finally, we used Cohen’s kappa (k; Watson & Petrie, 

2010) to evaluate the degree of agreement in pregnancy diagnosis between the two 

radioimmunoassay systems at day 23, 25, 28, and 30 post AI. The extent of the agreement was 

judged poor if k < 0.00, slight if 0.00 ≤ k ≤ 0.20, fair if 0.21 ≤ k ≤ 0.40, moderate if 0.41 ≤ k ≤ 0.60, 

substantial if 0.61 ≤ k ≤ 0.80, almost perfect if k > 0.80, and perfect if k = 1.00 (Watson & Petrie, 

2010). 

Statistical analysis were performed with SPSS 23.0 (SPSS Inc. Chicago, USA) and considered as 

significant at a level of 0.05. 

 

3. RESULTS 

From 98 synchronized buffalo cows, 52 became pregnant (P group, n = 52) and 46 remained non-

pregnant (NP group, n = 46) as revealed by ultrasonography and RIA analysis.  
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3.1. PAG-706 and PAG-860 concentrations in pregnant and non-pregnant buffaloes until day 45 

post AI 

Log- PAG concentrations were affected by Time (P < 0.001), Group (P < 0.001), radioimmunoassay 

systems (P < 0.001) and their interactions (P < 0.001).  

Both PAG-706 and PAG-860 showed differences between P and NP starting from day 23 post AI 

(mean difference between P and NP at day 23 post AI: -0.4±0.1 ng/mL and -0.3±0.1 ng/mL for PAG-

706 and PAG-860, respectively; P < 0.001) until the last day of observation (mean difference 

between P and NP at day 45 post AI: -19.1±0.1 ng/mL and -11.5±0.1 ng/mL for PAG-706 and PAG-

860, respectively; P < 0.001). Mean concentrations of both PAG-706 and PAG-860 in NP animals 

constantly remained close to zero (0.2±0.5 ng/mL and 0.0±0.0 ng/mL for PAG-706 and PAG-860, 

respectively; P < 0.001).  

Estimated marginal means were higher in PAG-706 (1.1±0.1 ng/mL) than PAG-860 (0.7±0.1 ng/mL; 

P<0.001). In particular, pairwise comparisons showed that in the P animals PAG-706 were higher 

than PAG-860 values from day 25 until day 45 post AI (P < 0.001; Figure 1). 

 

3.2. Agreement between PAG-706 and PAG-860 concentrations in early pregnancy (until day28 

post AI): Bland-Altman analysis, accuracy and Cohen’s kappa statistic 

Since differences were proportional to the mean, we used a nonparametric approach for the Bland-

Altman analysis. The biases (median difference between 2 methods) at 23, 25, and 28 days post AI in 

pregnant cows were 0.00 ng/mL (LoA = -1.27, 2.53 ng/mL), 0.79 ng/mL (LoA = -1.07, 8.35 ng/mL), 

and 2.54 ng/mL (LoA = 0.00, 7.64 ng/mL), respectively (Figure 2A-C).  

At day 23 post AI (Table 1), pregnancy was correctly diagnosed in 61/98 animals (accuracy = 62%, 

sensitivity 29%) using PAG-706 while it was correctly diagnosed in 58/98 animals using PAG-wb860 
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(accuracy = 59%, sensitivity 23%). At day 25 post AI, pregnancy was correctly diagnosed in 88/98 

(accuracy = 90%, sensitivity = 81%) and 85/98 animals (accuracy = 87%, sensitivity = 77%) using PAG-

706 and PAG-wb860, respectively. At day 28 post AI, accuracy and sensitivity were 99% and 98% for 

both RIA systems using both PAG-706 and PAG-860. 

Agreement of diagnosis between the two radioimmunoassay systems (Table 2), as measured by 

Cohen’s kappa, was deemed moderate at day 23 (k = 0.443, P < 0.001), substantial at day 25 (k = 

0.728, P < 0.001) and perfect at days 28 (k = 1.000, P < 0.001) post insemination.   

 

3.3. Profile of PAG-706 and PAG-860 concentrations during post-partum 

During the post-partum period, PAG concentrations were affected by Time (P < 0.001), RIA system (P 

< 0.001) and RIA system x Time effect (P < 0.001). Both PAG-706 and PAG-860 concentrations 

progressively decreased after parturition (53.4±0.1 ng/mL and 42.1±0.1 ng/mL for PAG-706 and 

PAG-860 concentrations, respectively) to 25 days post-partum (2.4±0.1 ng/mL and 1.6±0.1 ng/mL for 

PAG-706 and PAG-860 concentrations, respectively; P < 0.01; Figure 3). PAG-706 and PAG-860 

decreased below 1 ng/mL from 40 and 30 days post-partum, respectively, and were close to zero on 

the last day of observation (both 0.0±0.1 ng/mL at 50 d post-partum). However, PAG-706 were 

higher than PAG-860 from parturition until 40 days post-partum (P < 0.01). 

We calculated the kinetic parameters on scatter plots of ln PAG-706 and ln PAG-860 concentrations 

versus post-partum days. The elimination rate constants were 0.11 d-1 and 0.12 d-1 while the half-

lives were 6.3 d and 5.8 d for PAG-706 and PAG-860, respectively. 
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4. DISCUSSION 

To the best of our knowledge this is the first time that PAG determination in water buffalo using two 

different antisera raised against PAG-molecules purified from both caprine (RIA-706) and bubaline  

placentas (RIA-860) is reported.  

 

Measurement of PAG/PSPB concentrations in the peripheral circulation of pregnant and non-

pregnant buffalo cows was carried out using different RIA methods (Barbato et al. 2009 and 2013; El 

Battawy et al. 2009; Karen et al., 2007). In our previous study (Barbato et al. 2009) that compared 

the effectiveness of RIA-497, RIA-706 and RIA-708 (antisera raised against PAG molecules isolated 

from bovine and caprine placenta) for detecting PAG molecules in pregnant buffalo cows, showed 

that analogous PAG antigens were better recognized using RIA-706 that use molecules isolated from 

caprine placenta. This is in agreement with this study in which the RIA-706 revealed much higher 

buffalo PAG concentrations from day 23 to day 45 after AI respect to RIA-860 that use antisera 

raised against PAG molecules isolated from bubaline placenta. Similarly, in bovine, Perényi et al. 

(2002) and Ayad et al. (2009) comparing anti-boPAG67kDa antiserum (AS#497) with different antisera 

raised against PAG molecules isolated from caprine placenta (PAG55kDa+62kDa, PAG55kDa+59kDa and 

PAG55kDa, AS#706, AS#708 and AS#809, respectively), showed the RIA-706 revealed much higher 

bovine PAG concentrations respect the other RIA systems. These differences may be due to the 

ability to detect different epitopes, as previously reported by Perenyi et al. (2002).  

 

Bland-Altman analysis confirmed the presence of biases between the two methods. Although 

differences between the two values were small, they could have effects in the early diagnosis of 

pregnancy. In fact, RIA-706 showed greater sensitivity and accuracy both at 23 and 25 days of 

pregnancy. Instead at day 28 post AI, the measures of diagnostic accuracy were identical for both 
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RIA-706 and RIA-860 (accuracy= 99%, sensitivity=98%, specificity=100%). Moreover, Cohen’s kappa 

confirmed a perfect agreement of diagnosis between the two radioimmunoassay systems after day 

25 post AI. These findings indicate that the use of antisera raised against caPAG55+62kDa or against 

wbPAG55+62kDa provides both RIA systems able to detect pregnancy in buffalo species from 25d after 

conceiving. 

 

The most surprising data observed in buffalo species concerns the very fast decrease in PAG 

concentrations described in the postpartum period.  

In this species, PAG concentrations decrease rapidly reaching minimal levels (< 1ng/mL) at day 30 

and day 40 when using both RIA-860 and RIA-706, respectively. A similar decline in PAG 

concentrations during the first month postpartum was reported by Ranilla et al. (1994, 1997) in 

Assaf, Churra and Merinos ewes and by Sousa et al. (1999) in native goats from north-east of Brazil. 

In these species, PAG concentration reach level lower than 1 ng/mL at day 30 postpartum. 

Differently, in the cow, PAG concentration decreased slowly after parturition and could be detected 

as late as 100 days postpartum (Zoli et al., 1992).   

In the post-partum period, also, the buffalo pregnancy proteins are better recognized by the antisera 

raised against the caprine PAG. The rapid decrease in PAG concentration during post-partum period 

is essential when using PAG as an appropriate marker of early pregnancy after post-partum in 

buffalo. This rapid disappearance does not entail using a cut-off limit in post-partum animals as a 

means for detecting new pregnancies, since the time interval from calving to AI is at least 50 days, if 

AI program is scheduled to start 40 days post-partum. 
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As regards PAG half-life, it was found to be shorter in buffalo (6.3 d and 5.8 d for PAG-706 and PAG-

860, respectively) than in cattle (from 7.0-8.8 days) (Sasser et al., 1986; Ali et al., 1997; Kirakofe et 

al., 1993; Haugejorden et al., 2006), goats (7.49 d) (Haugejorden et al., 2006) and Zebu (9.2-10.1 d)  

(Sousa et al., 2003), while, buffalo PAG half-life was similar to that of sheep ( 4.5 d) (Haugejorden et 

al., 2006). These differences may be due to the presence of N-linked carbohydrate and sialic acid 

chains on their structure (Rafferty et al., 1995) 

 

In conclusion, the results of this study show that using antisera raised against caPAG55+62kDa or against 

wbPAG55+62kDa provides us RIA systems that are capable of detecting pregnancy in the buffalo species 

from 25d of gestation. The ability of RIA-systems to recognise early PAGs could be improved by using 

antisera raised against PAG molecules isolated from caprine placenta.  Furthermore, the rapid 

disappearance of PAG concentrations in buffalo cows after calving does not entail using a cut- off 

day limit in post-partum animals for detecting new pregnancies. 
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Day 
Radioimmunoassay 

systems 
Diagnosis 

Outcome*  
Sensitivity  Specificity Accuracy PPV NPV 

Non pregnant Pregnant 

23 d 

PAG-706 
Non pregnant 46 (100.0%) 37 (71.2%) 

29 100 62 100 55 
Pregnant 0 (0.0%) 15 (28.8%) 

PAG-860 
Non pregnant 46 (100.0%) 40 (76.9%) 

23 100 59 100 53 
Pregnant 0 (0.0%) 12 (23.1%) 

25 d 

PAG-706 
Non pregnant 46 (100.0%) 10 (19.2%) 

81 100 90 100 82 
Pregnant 0 (0.0%) 42 (80.8%) 

PAG-860 
Non pregnant 45 (97.8%) 12 (23.1%) 

77 98 87 98 79 
Pregnant 1 (2.2%) 40 (76.9%) 

28 d 

PAG-706 
Non pregnant 46 (100.0%) 1 (1.9%) 

98 100 99 100 98 
Pregnant 0 (0.0%) 51 (98.1%) 

PAG-860 
Non pregnant 46 (100.0%) 1 (1.9%) 

98 100 99 100 98 
Pregnant 0 (0.0%) 51 (98.1%) 

 

*determined ex post on the basis of pregnancy diagnosis at days 28, 45 and 60 
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Day 
Radioimmunoassay 

systems 
Diagnosis 

PAG-wb860 
Cohen’s kappa P value  

for H0: kappa = 0 

No pregnant Pregnant  

23 d PAG-706 
Non pregnant 78 (79.6%) 5 (5.1%) 

0.443 <0.001 
Pregnant 8 (8.2%) 7 (7.1%) 

25 d PAG-706 
Non pregnant 50 (51.0%) 6 (6.1%) 

0.728 <0.001 
Pregnant 7 (7.1%) 35 (35.7%) 

28 d PAG-706 
Non pregnant 47 (48.0%) 0 (0.0%) 

1.000 <0.001 
Pregnant 0 (0.0%) 51 (52.0%) 

Total PAG-706 
Non pregnant 175 (59.5%) 11 (3.7%) 

0.808 <0.001 

Pregnant 15 (5.1%) 93 (31.6%) 
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