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Abstract. Panjaitan B, Siregar TN, Hafizuddin, Sayuti A, Adam M, Armansyah T, Syafruddin. 2021. Comparison of the effectiveness of 
pregnancy diagnosis in Aceh cow through measurement of interferon-tau and progesterone concentrations. Biodiversitas 22: 1712-

1716. This study aims to determine the effectiveness of IFN-τ and progesterone measurement as the basis for pregnancy diagnosis in 
Aceh cows. The study used twelve cows aged 3-5 years, weighed 150-250 kg, clinically healthy, and having normal reproduction. The 
estrous cycle was synchronized using prostaglandin hormone (LutalyseTM, Pharmacia & Upjohn Company, Pfizer Inc., 25 mg/cow, 
i.m.) with multiple injection protocol (10-day interval). Heat detection was conducted in the morning (08.00 a.m.) and evening (16.00 
p.m). Cows were inseminated 12-18 hours after standing heat. Blood was collected on day 4, 5, 6, 7, 14, 15, 16, 17, and 18 post-
insemination. Concentrations of IFN-τ and progesterone were determined by the enzyme-linked immunosorbent assay (ELISA) method. 
Cows with interferon concentration above six pg/mL and progesterone concentration greater than two ng/mL were considered indicative 
of pregnancy. Pregnancy data were then compared with transrectal ultrasound at day 25 as the gold standard. Concentrations of IFN-τ in 
pregnant and non-pregnant cows were significantly different on day 18 post-AI, while progesterone concentration was significantly 

different on day 15. The accuracy of IFN-τ pregnancy diagnosis at peak IFN-τ expression was obtained on day 18 post-insemination, 
with an accuracy rate of 66.7%, a sensitivity rate of 60%, and a specificity rate of 71.4%. Meanwhile, progesterone-based pregnancy 
diagnosis accuracy was obtained on day 17 post-insemination, with an accuracy rate of 91.6%, a sensitivity rate of 83.3%, and a 
specificity rate of 100%. It was concluded that the diagnosis of pregnancy using progesterone measurement was more effective than 
IFN-τ measurement. 
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INTRODUCTION 

Interferon-tau (IFN-τ), is a type I interferon secreted by 

trophectoderm cells in pregnant ruminants and is involved 

in pregnancy recognition (Forde and Lonergan 2017). IFN-

τ functions as an anti-inflammatory response and promotes 

immunological tolerance to the presence of embryos 

(Yaginuma et al. 2019). IFN-τ induces corpora lutea (CL) 

resistance to PGF2 alpha, allowing CL to survive and 

maintain pregnancy (Hansen et al. 2017; Peter et al. 2017). 
This pregnancy signal is required for implantation on day 

16 after fertilization (Spencer et al. 2013). IFN-τ is present 

from day 14 to day 21 of pregnancy, at its highest 

expression on day 16, or on day 15 to day 16 after 

ovulation (Senger 2005; Sheikh et al. 2018). In cattle, IFN-

τ mRNA is produced from day 12 to day 19 of pregnancy, 

with the peak being on day 15/16, decreasing to day 19 of 

gestation (Farin et al. 1990). IFN-τ gene expression (IFN-τ 

mRNA) occurs simultaneously with the presence of IFN-τ 

in the body (Matsuyama et al. 2012). 

Previous reports stated that IFN-τ stimulated genes 

(ISGs), resulting from IFN-τ induction, can be used to 
diagnose pregnancy in cows (Han et al. 2006). Previously, 

pregnancies have not been tested with ISG indicators 

because the measurement of IFN-τ has no sensitivity if the 

concentration is below ng/mL (Hansen and Rueda 1991). 

Thus, IFN-τ presence cannot be determined directly in the 

blood (Lucy and Pooks 2012). However, other studies state 

that IFN-τ can be detected at a concentration of 0.910 

ng/mL± 0.55 using radioimmunoassay (RIA) technique the 

uterine vein of sheep as early as day 15 of pregnancy and 

then on day 16 of pregnancy, IFN-τ is most highly 

expressed (Antoniazzi et al. 2012). The IFN-τ 

concentration in cows can be measured by enzyme-linked 

immunosorbent assay (ELISA) technique using an ELISA 
kit (Cusabio, CSB-E16948B), which the kit can detect IFN-

τ concentrations below 1.56 pg/mL. Our preliminary study 

also demonstrates that IFN-τ can be detected in the blood 

serum of Aceh cow from day 14 of pregnancy (Amri et al. 

2021). Although not correlated, studies show that Aceh 

cows with premature embryo mortality also produce IFN-τ 

(Melia et al. 2020). This indicates IFN-τ level measurement 

after AI can be used to diagnose pregnancy in Aceh cows. 

Pregnancy in a cow has been diagnosed through several 

methods with varying degrees of accuracy and examination 

time. The current method using ELISA to measure 

pregnancy-specific protein B (PSPB) and pregnancy-
associated glycoprotein (PAG), yields high accuracy. 

However, it must be conducted on post-day 26 (Piechotta et 

al. 2011). Additionally, pregnancy diagnosis using rectal 

palpation and ultrasonography USG is highly accurate 

results from day 90 to day 100, with an accuracy of 85-
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100%, respectively (Al-Watar et al. 2017). Another study 

found that diagnosis using USG would be more effective if 

followed by PAG examination on day 28 and measurement 

of progesterone levels on day 36, post-insemination 

(Rashmi et al. 2020). Highly accurate and early 

identification of pregnancy ensures the cow's reproductive 

effectiveness. It is crucial to shorten the calving interval 

through appropriate therapy and to rebreed non-pregnant 

cows as soon as possible. 

Until now, progesterone testing is considered the 
earliest method to diagnose pregnancy in cows. This 

method is 80% effective from day 21-24 post-insemination 

(Sah et al. 2017; Srilatha et al. 2017). Related research 

indicates examination time can be accelerated (Abdullah et 

al. 2017; Siregar et al. 2017; Srilatha et al. 2017; Thasmi et 

al. 2017; Widayati et al. 2019). On day 15, post-

insemination progesterone concentrations are significantly 

higher among pregnant cows than non-pregnant cows 

(Abdullah et al. 2017). At the peak of progesterone 

production, Aceh cows that experience repeat breeding and 

embryo mortality also show lower progesterone 
concentrations than fertile cows (Siregar et al. 2017; 

Thasmi et al. 2017). Recent reports have shown that cows 

with low progesterone concentrations at luteal onset cause 

impaired embryo development and decrease pregnancy 

percentage. Thus, this study investigates an alternative 

method of early-pregnancy diagnosis by measuring the 

concentration of IFN-τ and progesterone. Particularly for 

progesterone examination, the examination window (i.e., 

initial luteal and luteal peak phases) widened so that the 

best time for diagnosis could be obtained through 

progesterone analysis, comparing its diagnostic accuracy 
with IFN-τ measurement. 

MATERIALS AND METHODS  

This research was conducted at BPTU-HPT (Center for 

Superior Animal Breeding and Forage Animal Feed) 

Indrapuri, Aceh Besar, Indonesia. IFN-τ concentration was 

measured at the Integrated Research Laboratory, Faculty of 

Veterinary Medicine, Universitas Syiah Kuala, 

Darussalam, Banda Aceh, Indonesia. This research was 

conducted from November 2018 to April 2019 on twelve 

cows aged 3-5 years, bodyweight of 150-250 kg, clinically 

healthy, and having normal reproductive status. 

The estrous cycle was synchronized using prostaglandin 
hormone (LutalyseTM, Pharmacia & Upjohn Company, 

Pfizer Inc., 25 mg/cow, i.m.) with multiple injection 

protocol (10-day interval). Heat detection was conducted in 

the morning (08.00 a.m.) and evening (16.00 p.m.). Cows 

were inseminated 12-18 hours after standing heat. Blood 

was collected on days 4, 5, 6, 7, 14, 15, 16, 17, and 18 post-

insemination. Ten mL of blood samples were taken through 

the jugular vein, then stored in a blood tube and chilled in a 

refrigerator. The serum was separated by centrifugation at 

3000 rpm for 10 minutes. Blood serum was transferred to a 

microtube and stored in a freezer at -20°C. Pregnancy was 

determined on day 25 using transrectal ultrasound 

(Mindray DP 10 Vet linear probe transrectal 50L60EAV, 

Shenzhen Mindray Bio-Medical Electronics CO., LTD.) 

Interferon-tau concentration analysis 

The IFN concentration was determined with ELISA 

using the Bovine Interferon ELISA Kit (Cusabio 

Technology LLC AII, USA). The minimum concentration 

detected by this kit is 1.56 pg/mL. This assay has high 

sensitivity (15.6 pg/tube) and excellent specificity for 
detection of IFN-τ. The inter-assay and intra-assay 

coefficients were <10% and <8%, respectively. Cows with 

an interferon concentration above 6 pg/mL were considered 

pregnant, whereas those with an interferon concentration 

below 6 pg/mL were considered non-pregnant. This 

interval limit was based on the preliminary study, which 

found that all cows confirmed to be pregnant by ultrasound 

examination on day 25 had interferon concentrations 

greater than 6.04 pg/mL (Amri et al. 2021).  

Progesterone analysis  

The concentration of progesterone was determined with 
ELISA using a progesterone ELISA kit (Cat No. 1562, 

DRG Instrument GmbH Germany). The assay sensitivity 

was 0.045 ng/mL. Cows with a progesterone concentration 

>2 ng/mL were considered pregnant, while cows with a 

progesterone concentration <2 ng/mL were considered non-

pregnant (Han et al., 2006). 

Data analysis 

Pregnancy diagnoses measured by IFN-τ concentration 

and progesterone in the blood were then compared with 

transrectal ultrasound data as the gold standard. The 

difference in pregnancy determinations was evaluated 
using SAS chi-square analysis. The values for sensitivity, 

specificity, and accuracy were calculated using the formula 

used by Broaddus and de Vries (2005). 

RESULTS AND DISCUSSION 

The ultrasound results on day 25 after AI showed that 

41.67% of the cows were pregnant and 58.3% were not 

pregnant. The mean percentage of pregnancy predicted by 

IFN-τ on day 18 was 66.7%, while the percentage for non-

pregnancy was 33.3%. The chi-square test showed 

insignificant differences (P >0.05) between this method and 

the ultrasound-based examination. Similar results were 

obtained between pregnancy prediction with progesterone 
on day 17 and ultrasound (P> 0.05). IFN-τ examination on 

day18 and progesterone examination on day 17 were based 

on the highest accuracy value at the time of the 

examination. However, the accuracy of progesterone test 

results tends to be higher than the results of the IFN-test, as 

presented in Table 1. 
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Table 1. Prediction of pregnancy by measurement of IFN-τ or progesterone after ultrasound confirmation (day 25) in Aceh cows 
 

 IFN- τ   Progesterone 

 h-14 h-15 h-16 h-17 h-18 h-5 h-6 h-7 h-15 h-16 h-17 

The number of cows 12 12 12 12 12 12 12 12 12 12 12 
Correct pregnant 3 3 3 3 3 2 2 3 5 5 5 
Incorrect pregnant 5 4 4 4 2 3 3 2 0 0 0 
Correct non-pregnant 2 3 3 3 5 3 3 5 5 5 6 

Incorrect non-pregnant 2 2 2 2 2 4 4 2 2 2 1 
Sensitivity (%)a 60 60 60 60 60 33.3 33.3 60 71.4 71.4 83.3 
Specificity (%)b 40 42.9 42.9 42.9 71.4 50.0 50.0 71.4 100 100 100 
PPV (%)c 37.5 42.9 42.9 42.9 60 40.0 40.0 60.0 100 100 100 
NPV (%)d 50 60 60 60 71.4 42.9 42.9 71.4 71.4 71.4 85.7 
Accuracy (%)e 41.7 50 50 50 66.7 41.7 41.7 66.7 83.3 83.3 91.6 

Note: aSensitivity: probability that diagnosis is “pregnant” among cows which are truly pregnant; correct pregnant/(correct pregnant+ 

incorrect non-pregnant) x100%. bSpecificity: probability that diagnosis is “non-pregnant” among cows which are truly non-pregnant; 
correct non pregnant/(correct nonpregnant + incorrect pregnant) x100%. cPPV (positive predictive value): probability that the cow is 
truly pregnant if the diagnosis is pregnant; correct pregnant/(correct pregnant + incorrect pregnant) x 100%. dNPV (negative predictive 
value): probability that the cow is truly non-pregnant if the diagnosis is non-pregnant; correct-nonpregnant/(correct non-pregnant + 
incorrect non-pregnant) x100%. eAccuracy: a proportion of correctly classified subjects (correct pregnant + correct non-pregnant)/ 
(correct pregnant + correct non-pregnant + incorrect pregnant + incorrect non-pregnant) 

 

 

The IFN-τ pregnancy diagnosis yielded the highest 

accuracy on day 18, with an accuracy rate of 66.7%, a 

sensitivity rate of 60%, and a specificity rate of 71.4%. The 

accuracy of this method was lower than that of 

progesterone analysis testing at day 17 (66.7% vs. 91.3%). 

These results support findings by Al-Watar et al. (2017), 
which stated that the best method to determine early 

pregnancy in cattle is through progesterone measurement, 

followed by ultrasound examination. The sensitivity and 

specificity of progesterone early pregnancy diagnosis 

(95%) are relatively similar to those achieved by ultrasound 

examination on days 30-282. However, progesterone-based 

diagnosis is advantageous because it can diagnose 

pregnancy as early as day 15. In comparison, ultrasound 

and transrectal palpation are most accurate (100%) on day 

42 (Karthik and Krishnastya 2017).  

Pregnancy diagnosis using IFN-τ analysis may not be 

able to replace progesterone examination, both in terms of 
accuracy and examination time. It is possible that the IFN-τ 

measurement method is more effective in predicting non-

pregnant cows because the method's specificity value is 

higher than its sensitivity (71.4 vs. 60.0%). This aligns with 

research by Han et al. (2006), who found that detection of 

low levels of ISG15 mRNA from day 17-25 accurately 

indicates non-pregnant cows.  IFN-τ induces ISG 

expression in peripheral mononuclear blood cells (Oliveira 

et al. 2008). ISGs expressed during the pre-implantation 

period can be used as a marker for pregnancy diagnosis in 

domestic animals (Mishra and Sarkar 2018). 
The mean IFN-τ concentrations in pregnant cows and 

non-pregnant cows showed a significant difference (P 

<0.05) only on day 18 after AI (10.30±8.29 vs. 5.62±4.49 

ng/mL), while the average IFN concentration on day 14-17 

post-AI showed insignificant differences (P >0.05), with the 

respective concentrations of 11.27 ± 10.08 vs. 9.51±4.01; 

11.44±8.16 vs. 8.62±6.36; 11.02±7.75 vs. 7.25±4.92 and 

9.23±5.88 vs. 6.36±4.27 ng/mL. The average IFN 

concentrations in pregnant and non-pregnant cows for each 

day did not show significant differences (Figure 1). 

 
 
Figure 1. The concentration of IFN-τ in pregnant and non-
pregnant Aceh cattle  
 

 

Measurement of IFN-τ measurement in pregnant cows 

on day 14-18 showed that peak secretion of IFN-τ,  at 

11.44 ± 4.16 pg/mL, occurred on day 15, followed by day 

14, 16, 18, and 17. This differed from research on dairy 

cows by Sheikh et al. (2018) that the peak concentration 

occurred on day 16, followed by day 14, 18, and 21. This 
variation may be due to differences in time of sampling 

patterns and breed of cattle. 

Based on the results of the study, of the 12 cows used, 

five were diagnosed as pregnant (41.7%), and seven 

(58.3%) were non-pregnant. Some non-pregnant cows were 

then diagnosed as pregnant, as indicated by a high 

concentration of IFN-τ, especially on days 14 and 15. High 

IFN-τ concentration at the time of examination, paired with 

no signs of pregnancy at the time of ultrasound 

examination, may be caused by early embryo mortality 

before day 25 post-AI. Embryo mortality can occur from 
day 0-7, known as very early embryo mortality (VEEM). It 

may also occur from day 7-24, up until day 27 (Santos et 

al. 2004 cited by Suprihatin et al. 2016; Humblot 2001), 

known as early embryo mortality (EEM). 
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On day 15, 16, and 17 post-AI, the average 

progesterone concentrations in pregnant cows and non-

pregnant cows showed significant differences (P <0.05) 

(13.78±16.50 vs. 4.34±3.10; 15.54±15.10 vs. 2.37±2.25; 

and 15.36±15.29 vs. 2.11±2.12 ng/mL). Meanwhile, on day 

5, 6, and 7 post-AI (luteal onset), the average progesterone 

concentrations in pregnant cows and non-pregnant cows, 

showed insignificant differences (P >0.05) with the 

respective concentrations of 3.83±4.53 vs. 2.45±2.49; 

2.67±3.14 vs. 2.78± 2.80; and 5.01±6.44 vs. 2.58±2.00 
ng/mL. Starting from day 15 post-AI, the average 

progesterone concentrations in pregnant cows continued to 

increase while those in non-pregnant cows began to 

decrease, as shown in Figure 2.  

The average progesterone concentrations in pregnant 

cows and pregnant cows appeared different (P<0.05) from 

day 15-17 post-AI but showed no significant differences 

(P>0.05) from day 5-7 post-AI. In this study, progesterone 

levels of both cattle groups at luteal onset did not align 

with previous reports (Stronge et al. 2005; Parr et al. 2010; 

Widayati et al. 2019). Cows that failed to get pregnant 
started to differ significantly in progesterone concentration 

from day 5, i.e., 3.07±0.33 ng/mL in pregnant Ongole cows 

and 1.17±0.39 ng/mL in repeat breeding cows that failed to 

become pregnant (Widayati et al. 2019). This indicates that 

pregnancy failure in this study was not caused by impaired 

embryo development. Low progesterone concentrations on 

day five after ovulation have a negative effect on the 

uterine preparation for the presence of embryos and impair 

embryo development (Parr et al. 2010). 

Pregnancy detection using progesterone on days 5, 6, 

and 7 was only 41.7%, 41.7%, and 61.7% accurate, 
respectively, but this percentage increased on days 15, 16, 

and 17 with 83.3%, 83.3%, and 91.6% accuracy, 

respectively. Test accuracy on days 15, 16, and 17 

outperformed those reported by Shah et al. (2017), who 

obtained 80% accuracy of progesterone examination on 

days 37-40 post-insemination. Relatively similar accuracy 

was reported by Rashmi et al. (2020), who found 80% 

accuracy of progesterone examination on day 20-24 post-

insemination, and Srilatha et al. (2017), who obtained 85% 

accuracy on day 21 post-insemination. In this study, 

progesterone measurement accelerated diagnosis time 

(Nyman et al. 2018; Rashmi et al. 2020). Nyman et al. 
reported lower progesterone concentrations in non-

pregnant cows than in pregnant cows from days 10, 21, and 

30 post-AI. Rashmi et al. (2020) reported that the 

differences in progesterone concentrations in pregnant 

cows, non-pregnant cows, and cows that experienced 

embryo mortality could be detected after day 12 post-

insemination. Based on these findings, this study 

recommends earlier progesterone pregnancy diagnosis in 

cows.  

Cows with high progesterone concentrations from day 

15-17 and above-threshold IFN-τ concentrations from day 
14-18 were interpreted as pregnant and could have 

surviving embryos until day 25. Notably, cows with the 

above-threshold concentration of IFN-τ on day 14 yet 

decreasing from day 15-18 tend not to lose embryos by day 

25. Thus, measurement of IFN-τ concentration may serve 

as the basis for embryo mortality diagnosis in cattle, 

although Melia et al. (2020) report the contrary. The 

embryo-maintaining role of IFN-τ is reinforced by a recent 

report stating that embryo transfer after artificial 

insemination increases the conception rate in repeat 

breeding cattle. Findings show that transferred embryos 

produce IFN-τ, which is expressed by increased ISGs 

(Yaginuma et al. 2019). This study concludes that 

pregnancy diagnosis in Aceh cows is more effective when 

measuring progesterone compared to IFN-τ. 

ACKNOWLEDGEMENTS 

The research team would like to thank the Chancellor of 

Syiah Kuala University for the trust given through the 

Professor's Research Grant with contract number 

268/UN11.2/SPK/PNBP/2020 dated 17 March 2020.  

REFERENCES 

Abdullah M, Mohanty TK, Bhakat M, Kumaresan A, Patbhanda TP, 

Madkar AR, Mohanty AK. 2017. Metabolic indicators for early 

pregnancy in zebu and crossbred dairy cows reared in a subtropical 

climate. Turk J Vet Anim Sci 41: 407-413. DOI: 10.3906/vet-1602-

103 

Al-Watar BD, Ghanim AH, Hussain BB, Mohammad SA, Mohammad 

FM, Ahmad MI. 2017. Comparative study on early pregnancy 

diagnosis by three different techniques in cows. Al-Qadasiyah J Vet 

Med Sci 16 (1): 50-54. DOI: 10.29079/vol16iss1art35 

Amri F, Siregar TN, Gholib, Husnuurizal, Melia J, Panjaitan B, 

Armansyah T. 2021. Accuracy of early pregnancy diagnosis using 

interferon-tau (IFN-τ) in Aceh cows. Faculty of Veterinary Medicine, 

Universitas Syiah Kuala, Banda Aceh. [Indonesian] 

Antoniazzi AQ, Latimer AM, Romero JJ, Niswender GD, Bazer FW, Nett 

TM, Hansen TR. 2012. Detection of interferon-tau in uterine vein 

blood using a highly sensitive and specific radioimmunoassay. Biol 

Reprod 87 (1): 183-188. DOI: 10.1093/biolreprod/87.s1.183. 

Broaddus B, DeVries A. 2005. A comparison of methods for early 

pregnancy diagnosis. Proceeding 2nd Florida Dairy Road Show, 

Florida 2005: 22-29. 

Farin CE, Imakawa K, Hansen TR, McDonell JJ, Murphy CN, Farin PW, 

Roberts RM. 1990. Expression of trophoblastic interferon genes in 

sheep and cattle. Biol  Reprod 43 (2): 210-218. DOI: 

10.1095/biolreprod43.2.210. 

Forde N, Lonergan P. 2017. Interferon-tau and fertility in ruminants. 

Reproduction 154 (5): 33-43. DOI: 10.1530/REP-17-0432. 

Han H, Austin KJ, Rempel LA, Hansen TR. 2006. Low blood ISG15 

mRNA and progesterone levels are predictive of non-pregnant dairy 

cows. J Endocrinology 191 (2): 505-512. DOI: 10.1677/joe.1.07015. 

Hansen TR, Rueda B. 1991. Identifying early pregnancy in cattle. Cow 

Country January 16-17. Accessed from www.drcouncil.org. 

Hansen TR, Sinedino LDP, Spencer TE. 2017. Paracrine and endocrine 

actions of interferon tau (IFNT). Reproduction 154 (5): 45-59. DOI: 

10.1530/REP-17-0315. 

Humblot P. 2001. Use of pregnancy-specific proteins and progesterone 

assays to monitor pregnancy and determine the timing, frequencies 

and sources of embryonic mortality in ruminants. Theriogenology 56 

(9): 1417-1433. DOI: 10.1016/s0093-691x(01)00644-6. 

Karthik YK, Krishnasatya A. 2017. Pregnancy detection techniques in 

cattle. J Vet Sci 1 (1): 1-5. 

Lucy M, Poock S. 2012. Pregnancy determination by palpation and 

beyond. Proceedings Applied Reproductive Strategies in Beef Cattle 

December 3-4, Sioux Falls, SD. 

Matsuyama S, Kojima T, Kato S, Kimura K. 2012. Relationship between 

quantity of IFNT estimated by IFN-stimulated gene expression in 

peripheral blood mononuclear cells and bovine embryonic mortality 

after AI or ET. Reprod Biol Endocrinol 10: 21. DOI: 10.1186/1477-

7827-10-21. 



 BIODIVERSITAS  22 (4): 1712-1716, April 2021 

 

1716 

Melia J, Siregar TN, Alfahmi L, Husnurrizal, Saumar H, Mukhtar, Meutia 

N, Panjaitan B, Armansyah T. 2020. Relationship between interferon-

tau level (IFN- τ) and embryo mortality incident in Aceh cattle. 

Biodiversitas 21 (12): 5758-5762. DOI: 10.13057/biodiv/d211236. 

Mishra SR, Sarkar M. 2018. Interferon stimulated genes (ISGs): Novel 

pregnancy-specific biomarker in buffaloes (Bubalus bubalis). J 

Immunol Sci 2 (2): 48-51. DOI: 10.29245/2578-3009/2018/2.1132. 

Nyman S, Gustafsson H, Berglund B. 2018. Extent and pattern of 

pregnancy losses and progesterone levels during gestation in Swedish 

Red and Swedish Holstein dairy cows. Acta Vet Scand 60 (1): 68-78. 

DOI: 10.1186/s13028-018-0420-6. 

Oliveira J, Henkes L, Ashley R, Purcell S, Smirnova N, Veeramachaneni 

D, Hansen T. 2008. Expression of interferon (IFN) stimulated gene in 

extrauterine tissues during early pregnancy in sheep is the 

consequence of endocrine IFN release from the uterine vein. 

Endocrinology 149 (3): 1252-1259. DOI: 10.1210/en.2007-0863. 

Parr MH, Mullen MA, Crowe MA, Roche JF, Lonergan P, Evans ACO, 

Diskin MG. 2010. The relationship between plasma progesterone 

concentration during the early luteal phase and embryo survival in 

dairy heifers. Adv Anim Biosci 1 (1): 6. DOI: 

10.1017/S2040470010003031. 

Peter A, Beg MA, Ahmad E, Bergfelt DR. 2017. Trophoblast of domestic and 

companion animals: Basic and applied clinical perspectives. Anim Reprod 

14: 1209-1224. DOI: 10.21451/1984-3143-AR973. 

Piechotta M, Bollwein J, Friedrich M, Heilkenbrinker T, Passavant C, 

Branen J, Sasser G, Hoedemaker M, Bollwein H. 2011. Comparison 

of commercial ELISA blood tests for early pregnancy detection in 

dairy cows. J Reprod Dev 57 (1): 72-75. DOI: 10.1262/jrd.10-022t. 

Rashmi S, Sahadev A, Swamy MN, Ravindranath BM, Santhosh CR, 

Kumar SN, Nagaraja BN. 2020. Comparative evaluation of early 

pregnancy diagnostic methods in dairy cows. Int J Livest Res 10 (5): 

71-77. DOI: 10.5455/ijlr.20200109120845. 

Sah AK, Bastola R, Pandeya YR, Pathak R, Acharya MP, Jahnal DR. 

2017. Accuracy of pregnancy diagnosis with commercially available 

progesterone kit in dairy cows. Nepalese Vet J 34: 101-106. DOI: 

10.3126/nvj.v34i0.22908. 

Senger PL. 2005. Pathways to Pregnancy and Parturition. Washington 

State University Research & Technology Park. 2nd revised edition. 

Current Conception Inc., Washington.  

Sheikh AA, Hooda OK, Kalyan A, Kamboj A, Mohammed S, Alhussein 

M, Reddi S, Shimray PG, Rautela A, Pandita S, Kapila S, De S, Dang 

AK. 2018. Interferon tau stimulated gene expression: A proxy to 

predict embryonic mortality in dairy cows. Theriogenology 120: 61-

67. DOI: 10.1016/j.theriogenology.2018.07.028. 

 Siregar TN, Wajdi F, Akmal M, Fahrimal Y, Adam M, Panjaitan B, 

Sutriana A, Daud R, Armansyah T, Meutia N. 2017. Embryonic death 

incident due to heat stress and effect of therapy with gonadotropin 

releasing hormone (GnRH) in Aceh cattle. Vet Med Zootech 75 (97): 

70-74. 

 Spencer TE, Forde N, Dorniak P, Hansen TR, Romero JJ, Lonergan P. 

2013. Conceptus-derived prostaglandins regulate gene expression in 

the endometrium prior to pregnancy recognition in ruminants. 

Reproduction 146 (4): 377-387. DOI: 10.1530/REP-13-0165. 

Srilatha B, Venkata G, Naidu M, Srinivas D, Prasad VD. 2017. Early 

pregnancy diagnosis in graded Murrah buffaloes using ELISA-based 

serum progesterone assay. Intl J Livestock Res 7 (7): 200-204. DOI: 

10.5455/ijlr.20170513100912. 

Stronge AJ, Sreenan JM, Diskin MG, Mee JF, Kenny DA, Morris DG. 

2005. Postinsemination milk progesterone concentration and embryo 

survival in dairy cows. Theriogenology 64 (5): 1212-1224. DOI: 

10.1016/j.theriogenology.2005.02.007. 

Suprihatin N, Tumbelaka LITA, Setiadi MA. 2016. Profil progesteron air 

susu dan tingkat kebuntingan sapi perah pasca sinkronisasi estrus 

menggunakan prostaglandin F2 alfa atau progesterone CIDR. J Vet 17 

(3): 396-403. DOI: 10.19087/jveteriner.2016.17.3.396. [Indonesian] 

Thasmi CN, Siregar TN, Wahyuni S, Aliza D, Hamdan, Panjaitan B, 

Asmilia N, Husnurrijal H. 2017. Estrus performance and steroid level 

of repeat breeding Aceh cattle synchronized with PGF2α. Veterinaria. 

66 (1): 36-41.  

Widayati DT, Darmawan MA, Freitas JDC. 2019. Progesterone level of 

normal cycling and repeat breeding Ongole grade cows. IOP Conf. 

Ser Earth Environ Sci 387: 012008. DOI: 10.1088/1755-

1315/387/1/012008. 

Yaginuma H, Funeshima N, Tanikawa N, Miyamura M, Tsuchiya H, 

Noguchi T, Iwata H, Kuwayama T, Shirasuna K, Hamano S. 2019. 

Improvement of fertility in repeat breeder dairy cattle by embryo 

transfer following artificial insemination: Possibility of interferon tau 

replenishment effect. J Reprod Dev 65 (3): 223-229. DOI: 

10.1262/jrd.2018-121.  

 


