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Abstract
Introduction: Early detection of pregnancy is vital for appropriate reproductive management programmes to facilitate the
rapid re-insemination of non-pregnant females and reduce the calving interval. Material and Methods: A barium chloride test
was compared with a commercial progesterone ELISA to detect pregnancy in non-descriptive cows and investigate if it could be
applied as an alternative to ELISA in the field. Blood and urine samples were collected from 74 cows with recorded insemination
dates. The progesterone ELISA and barium chloride assay were implemented to detect progesterone (P4) in blood and urine
specimens, respectively. The cows' reproductive systems were examined after they were slaughtered to determine the uterus's
status. Macroscopic examination of the uterus was used as a reference standard for both tests. Results: The sensitivity rates of the
P4 ELISA and barium chloride test to detect pregnant cows were 100.0% and 79.4%, and to detect the corpus luteum (CL) were
83.0% and 87.0%, respectively, their sensitivity increasing in the presence of the CL. The ELISA and barium chloride tests were
79.7% and 52.7% accurate in the diagnosis of pregnancy. The accuracy of the barium chloride test in CL detection increased to
81.0%, and that of the ELISA to 86.4%. There were no significant differences (P = 0.052) between the barium chloride assay and
ELISA when they were utilised for the identification of the CL. Conclusion: The barium chloride test can be an inexpensive and
time-saving alternative to ELISA in pregnancy diagnosis when the insemination date is known.
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Introduction
Humans have attempted since the early civilisations
to determine the pregnancy status of cattle after parturition.
For instance, between 2200 and 2100 BC, the ancient
Egyptians noticed that the germination and growth of wheat
shoots and barley seeds were inhibited by the urine of
pregnant cows (6). Researchers continue attempting to
find inexpensive, accurate, and practical methods that
can detect pregnancy in cattle in a short time (13).
The capability for early and accurate pregnancy
detection in cows is crucial for better reproductive
management programmes (20). Early pregnancy
detection allows the re-insemination of non-pregnant
cows as soon as possible to reduce calving intervals and
replace infertile cows. Accurate and early detection of
pregnancy is a necessary procedure in livestock
management since it assists in reducing open days of
cows that failed to conceive, leading to significant

economic gains (17). When a pregnant cow is
mistakenly classified as non-pregnant, the stresses
caused by treatment and re-insemination might increase
the possibility of iatrogenic abortion (11).
Adequate post-insemination concentrations of
progesterone (P4) are required for successful pregnancy
in cows (12). P4 is a steroid hormone secreted by the
corpus luteum (CL) in the non-pregnant female, and by
the placenta and CL in the pregnant female. It inhibits
reproductive behaviours and assists in the maintenance
of pregnancy (1). The CL graviditatis keeps the P4
concentration at a high level during the gestation period,
but regression of the CL causes the level of P4 to fall rapidly
just before the onset of delivery (24). Endometrial
secretion, increasing the level of progesterone during
pregnancy, provides a suitable environment for the
conceptus in the uterus necessary for it to survive. P4
prevents abortion by inducing quiescence and noncontractility in the myometrium (10).
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The hormonal method, which depends on
progesterone determination in blood, is considered one
of the methods of pregnancy detection in cows effective
as early as 19–21 days after insemination (9). Presently,
several diagnostic techniques are in existence and are
frequently employed on the farm. Traditional methods
of pregnancy diagnosis in cattle, such as rectal palpation
or ultrasonography, are commonly used. With palpation
per rectum, the accuracy earlier than at 30–35 days of
gestation can be low, and the method risks inducing
abortion during examination (18). Trans-rectal
ultrasonography is commonly applied for pregnancy
detection, but it requires the skills of specialised
personnel (2). Pregnancy can also be recognised through
the detection of progesterone in the serum by ELISA
(19). Other methods of ascertaining pregnancy depend
on the detection of progesterone metabolic end-products
in urine.
The goal of this research was to evaluate the
accuracy of two different methods of pregnancy
detection in cows; namely, the progesterone ELISA and
barium chloride test. The barium chloride method can be
easily applied in the field and does not need a specific
laboratory. In this method, samples can be tested easily
by mixing a small amount of urine with barium chloride,
and the result will appear in just a few minutes (8).
However, the accuracy of this technique needs to be
investigated in a standardised study. Hence, the present
research was conducted to compare a barium chloride
test with a commercial progesterone ELISA for pregnancy
diagnosis in cows. A macroscopic examination of the
uterus was used as a gold standard to confirm both tests'
efficacy. This comparison clarifies if barium chloride
could be a less costly and time-saving alternative method
for pregnancy diagnosis.

contained 96-well ELISA plates and the essential
reagents for blood sample analysis. The standard curve
ranged from 0 to 60 ng/mL. An ELx800 absorbance
microplate reader (BioTek, USA) was utilised to
measure the absorbance at 450 nm (reference
wavelength 620 nm). The outcomes were calculated on
a standard curve, which was plotted using a linear
regression equation. Five millilitres of urine was put into
a test tube and mixed with 5 or 6 drops of 1.0% barium
chloride. The appearance of white-coloured
precipitation indicated that the cow was non-pregnant.
In contrast, a lack of precipitation was an indicator of
pregnancy (16).
After the cows were slaughtered, the uteruses were
examined to determine the status of pregnancy. We used
the gross examination of the reproductive system as the
standard reference for both tests.
Statistical analysis. All the statistical analyses of
the data and 2-D dot plots presented in Fig. 1 were
performed with the SPSS software package version 22.0
(IBM SPSS, USA). The level of significance P < 0.05
was established for all statistical analyses. Results were
analysed by chi-squared test evaluating the accuracy of
both techniques for detecting pregnancy and the CL in
cows. Data collected were compared to the results of the
gross examination of the uteruses. The accuracy,
specificity, and sensitivity of both techniques were
derived. The results were categorised as correct negative
(CN), correct positive (CP), false negative (FN), and
false-positive (FP). From these values, the accuracy,
specificity, and sensitivity of both techniques were
extrapolated. Accuracy was calculated as 100 × ((CP +
CN) ÷ (CN + CP + FP + FN)), sensitivity as 100 × (CP
÷ (CP + FN)), and specificity as 100 × (CN ÷ (CN+ FP)).
The positive predictive value (PPV) was calculated as
100 × (CP ÷ (CP+ FP)) and the negative predictive value
(NPV) as 100 × (CN ÷ (CN+ FN)) (7).

Material and Methods
Study animals and sample collection. The
research was carried out between July and October 2018
at the Sulaimani abattoir in the city of Sulaymaniyah,
Iraq. Seventy-four cows of varying ages, parities, and
breeds which were brought to the abattoir for slaughter
were selected to be included in the study. Records of the
cows' insemination accompanied the animals. Before the
slaughter of each cow, blood was withdrawn from the
coccygeal vein and put into a plain test tube. Blood
samples were transported to the laboratory in a coolbox
with ice packs within six hours. Upon arrival at the
laboratory, the samples were centrifuged at 2,000 × g for
10 min to separate the serum, which was stored at −20°C
until hormonal analysis for progesterone was performed.
After the cow was slaughtered, about 20 mL of
urine was collected directly from the urinary bladder by
syringe for the barium chloride test.
Determination of pregnancy. Progesterone
concentration (ng/mL) was determined by a commercial
competitive ELISA (Monobind Inc., USA). The kit

Results
The data from Table 1 show the numbers of results
grouped as correct positive, correct negative, false
positive, and false negative for pregnancy assessment
using the progesterone ELISA and barium chloride tests.
These assumptions were based upon the macroscopic
examination of the genital tracts. The progesterone
ELISA results indicated that 34 of the 74 cows (45.9%)
were diagnosed correctly as pregnant, and 25 (33.8%) as
non-pregnant. However, using the barium chloride test,
27 (36.5%) cows were correctly identified as pregnant
and 12 (16.2%) as non-pregnant. Fifteen (20.3%) falsepositive diagnoses were recorded with the progesterone
ELISA, but the barium chloride test resulted in 28
(37.8%) false-positive and 7 (9.5%) false-negative
diagnoses. The accuracy of the progesterone ELISA and
barium chloride test for each different reproductive state
of the cows is illustrated in Fig. 1.
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The accuracy, sensitivity, specificity, PPV, and
NPV of both tests are given in Table 2. The progesterone
ELISA was 100.0% sensitive in the detection of
pregnancy and 83.0% sensitive in the detection of the
CL. However, the sensitivity of the barium chloride test
for identification of pregnancy did not exceed 79.4%,
while for the CL it reached 87.0%. The progesterone
ELISA was 62.5% specific, and the barium chloride test
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30.0% specific in pregnancy detection. In a marked
difference, the tests were respectively 100.0% and
65.0% specific in the identification of the CL. The
identification of pregnancy by the progesterone ELISA
was 79.7% accurate, while the barium chloride test was
52.7% accurate in this application. However, both
techniques were close in their CL-detection accuracy,
achieving 86.4% and 81.0%, respectively.

Table 1. Correct positive, correct negative, false positive, and false-negative results by progesterone ELISA and barium chloride tests for detection
of pregnancy and corpus luteum in cows
Progesterone ELISA (number (%))
Barium chloride test (number (%))
Total
Correct
Correct
FalseFalseCorrect
Correct
FalseFalsepositive
negative
positive
negative
positive
negative
positive
negative
Pregnancy
34 (45.9)
25 (33.8)
15 (20.3)
0
27 (36.5)
12 (16.2)
28 (37.8)
7 (9.5)
74 (100.0)
CL
49 (66.2)
15 (20.3)
0
10 (13.5)
47 (63.5)
13 (17.6)
7 (9.5)
7 (9.5)
74 (100.0)
There were significant differences (0.00) between the techniques, but the difference was not significant (0.52) for CL identification. CL – corpus
luteum. Test: chi-squared
Table 2. Values of sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy of progesterone ELISAand barium chloride tests for detection of pregnancy and corpus luteum
Method of detection
Progesterone ELISA
Barium chloride test

Pregnancy
CL
Pregnancy
CL

Sensitivity
100.0
83.0
79.4
87.0

Specificity
62.5
100.0
30.0
65.0

PPV
69.4
100.0
49.0
87.0

NPV
100.0
60.0
63.0
65.0

Accuracy
79.7
86.4
52.7
81.0

CL – corpus luteum; PPV – positive predictive value; NPV – negative predictive value

Fig. 1. Scatter plots showing result quality by phase in the oestrous cycle. Plots (a) and (b) show the accuracy of the progesterone ELISA
and barium tests for pregnancy detection, while (c) and (d) show the accuracy of the tests for CL detection
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Discussion
Undoubtedly, the identification of non-pregnant
cows is vital to decrease the time between calving and
establishing a subsequent pregnancy, thereby improving
milk production and generating more income for
farmers.
Many studies have focused on the detection of
pregnancy by determining progesterone levels via blood,
milk, and faecal samples using ELISA and
radioimmunoassay techniques (19). These methods
require radioisotopes and the cooperation of appropriate
laboratories for the results to be read. These
circumstances are not necessary for pregnancy diagnosis
by the barium chloride test, which provides the
simultaneous examination of many samples in a short
time and within the restrictions of field conditions. The
liver transforms progesterone into the inactive
metabolite pregnanediol glucosiduronidate, which is
excreted in the urine (21). In the barium chloride test,
urine samples can be used for the detection of this
residue of progesterone (8).
The macroscopic examination of uteruses after the
slaughter of the cows was depended upon as a reference
(gold) standard. Other researchers also used this method
as a standard to compare different pregnancy diagnostic
methods (25), since the probability of it falsely
diagnosing pregnancy is 0.0%. Other methods of
pregnancy detection might not be as accurate; for
example, the accuracy of ultrasound might reach 93.7%
to 97.8% on day 27 (22).
The sensitivity of the progesterone ELISA for
pregnancy diagnosis in the present investigation was
100.0% and decreased to 83.0% when used for CL
identification. This outcome is consistent with that
recorded by Inaudi et al. (4), who found 84.8% for
pregnancy. In contrast, other researchers recorded
84.8% (3), which was lower than the outcomes obtained
in the current study. This outcome might be due to
a persistent CL or silent heat, or early embryonic death
(4). In this study, the sensitivity of the barium chloride
test for pregnancy detection was measured at 79.4%, and
for CL detection at 87.0%.
The specificity of the progesterone ELISA for the
identification of non-pregnant cattle in the present
investigation was 62.5%. This was lower than the
specificity of this test for the detection of the CL, which
reached 100%. The barium chloride test was also more
specific in the detection of the CL than in pregnancy
diagnosis, where 65.0% and 30.0% were seen,
respectively. This difference is because the CL secretes
P4, which is present in pregnant and non-pregnant cows
(5). Hence, P4 is not unique to pregnancy.
The accuracy of the progesterone ELISA in the
detection of pregnancy was not any higher than 79.7%.
Our results are lower than the 87.0% reported by
Samsonova et al. (19), and 84.8% by Ghaidan et al. (3).
Pennington et al. (15) noted increasing accuracy rates
from 85.4% to 88.4% from day 21 to day 24 after

artificial insemination. This result is nearly equivalent to
our results when the progesterone ELISA was used for
CL identification, for which 86.6% accuracy was
attained.
The inconsistencies in the accuracies of the tests to
detect pregnancy and the CL are clarified in Fig. 1. The
number of false-positive results increased when the
progesterone ELISA was used for pregnancy detection.
Fifteen samples (20.2%) were taken from cows in the
dioestrous phase of the oestrous cycle, and the CL was
present in those cows, which increases progesterone
level in the circulating blood and will raise the rate of
false pregnancy diagnosis. Accuracy is also affected by
the technique used for the diagnosis of pregnancy; the
accuracy by ELISA is approximately 75.8%, while by
radioimmunoassay it is about 80.5% (14).
The barium chloride test in the current study was
52.7% accurate in pregnancy detection and 81.0% in CL
detection. This variation of accuracy is due to a persistent
CL, which increases false-positive results during
pregnancy diagnosis. Also, high feed intake by cows
increases the metabolism of progesterone (23), which
leads to increased concentration of pregnanediol
glucosiduronidate in the urine and increased falsepositive results. Besides this metabolite, exogenous sources
of oestrogens in the diet may lead to false-positive diagnoses.
However, low P4 production during pregnancy will also
increase the false-negative results (5).
In this investigation, there were no significant
differences (P = 0.052) between the techniques for the
identification of the corpus luteum (Table 1). Thus, the
outcomes of the current study indicated that the barium
chloride test could be used instead of the progesterone
ELISA if some constraints are borne in mind.
In conclusion, the present investigation confirmed
the progesterone ELISA and barium chloride test to be
reliable and convenient for pregnancy diagnosing in
urine and plasma samples if collected from those cows
which have recorded insemination data. The outcomes
of this research confirm that the progesterone ELISA is
a more accurate method than the barium chloride test to
detect pregnancy. However, the accuracy of both tests
increases when the history of insemination is recorded.
Given these considerations, the barium chloride test may
be considered an excellent alternative to the
progesterone ELISA to detect pregnancy in the field,
provided the history of insemination is known.
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