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ABSTRACT

The Early Conception Factor (ECF) test is a commer-
cially available qualitative assay that reportedly de-
tects a pregnancy-associated glycoprotein present in
bovine serum within 48 h after conception. One concern
with previous assessments of this test is that animals
with viable embryos early during pregnancy that subse-
quently undergo embryonic loss before pregnancy diag-
nosis increase the rate of false-positive results and bias
the assessment. To preclude this possibility, noninsemi-
nated Holstein cows (n = 9) and heifers (n = 8) were
evaluated as an unequivocal source of nonpregnant ani-
mals, and Holstein cows (n = 17) and heifers (n = 1)
inseminated at estrus and in which at least one embryo
of transferable quality was recovered at a nonsurgical
flush 6 d after artificial insemination were evaluated
as an unequivocal source of pregnant animals. Blood
samples were collected from all animals 6 d after estrus,
which was immediately before embryo collection in
pregnant animals. Each serum sample was evaluated
using two ECF test cassettes (tests 1 and 2), and the
result of each test cassette was interpreted by two inde-
pendent readers (readers 1 and 2). Test sensitivity,
specificity, positive predictive value, negative pre-
dictive value, and accuracy were 86, 4, 49, 23, and 46%,
respectively. Although the observed agreement be-
tween readers (91% for test 1; 89% for test 2) and be-
tween tests for the same serum sample (94% for reader
1; 91% for reader 2) was high, the overall rates of false-
positive and false-negative ECF test results were 96
and 14%, respectively. We conclude that the ECF test
is an unreliable method for determining pregnancy sta-
tus of dairy cattle on day 6 after estrus.
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INTRODUCTION

New technologies to identify nonpregnant dairy cows
and heifers early post AI may play a key role in a
reproductive management strategy for commercial
dairy operations. Coupling a nonpregnancy diagnosis
with a management decision to quickly reinitiate Al
service improves reproductive efficiency and pregnancy
rate by decreasing the interval between Al services,
thereby increasing Al service rate. Inaccurate diagnosis
of nonpregnancy (i.e., false negatives) consequently in-
creases the rate of iatrogenic early embryonic loss when
PGF,, or one of its analogues is administered to syn-
chronize estrus behavior or ovulation to hasten the sub-
sequent Al service. Although inaccurate diagnosis of
pregnancy (i.e., false positives) is undesirable, its conse-
quences are less severe compared with inaccurate diag-
nosis of nonpregnancy. Nonetheless, a high rate of false-
positive results diminishes the usefulness and cost ef-
fectiveness of an early pregnancy test by incorrectly
diagnosing animals as pregnant, thereby failing to pres-
ent a management opportunity to return nonpregnant
animals to Al service early post Al and potentially in-
creasing the interval to the subsequent Al service.

Methods developed for early pregnancy diagnosis in
dairy cattle must accurately differentiate between preg-
nant and nonpregnant cows. Cowside milk progester-
one assays conducted between 18 and 24 d post Al
had a reported accuracy of 97.2% for cows identified as
nonpregnant (Pennington et al., 1985), representing the
earliest proven method for identifying nonpregnant an-
imals. Recently, a new early pregnancy test has become
commercially available for use in cattle. The Early Con-
ception Factor (ECF) test (Concepto Diagnostics, Knox-
ville, TN) reportedly detects a pregnancy-associated
glycoprotein within 48 h of conception. Early pregnancy
factor (EPF) was first identified in pregnant mice (Mor-
ton et al., 1987) and later in sheep and cattle (Nancar-
row et al., 1981) by using the rosette inhibition test.
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Early pregnancy factor is a secreted substance with
growth regulatory and immunomodulatory properties
that is required for successful establishment of preg-
nancy and for proliferation of both normal and neoplas-
tic cells in vivo and in vitro (Cavanagh, 1996). Signifi-
cant differences in rosette inhibition titer were observed
between pregnant and nonpregnant cows on d 13 to 16
and 25 post Al (Sakonju et al., 1993) suggesting that
measurement of EPF activity is useful as a method for
early pregnancy diagnosis in cattle. Antibodies gener-
ated against a glycoprotein immunosuppressive early
pregnancy factor isolated from sera of pregnant cows
are used to detect EPF in the ECF assay (Threlfall,
1994).

Two studies have compared results from the ECF
test conducted between d 3 to 7 and d 11 to 15 post-Al
to pregnancy diagnosis using palpation per rectum and
ultrasound ranging from 25 to 60 post-Al (Adams and
Jardon, 1999; Des Céteaux et al., 2000). One concern
with these assessments is that animals with viable em-
bryos during early pregnancy that subsequently un-
dergo embryonic loss before pregnancy diagnosis using
palpation per rectum or transrectal ultrasonography
increase the rate of false-positive results and bias the
assessment. The fertilization rate after Al in beef cows
is 90%, whereas embryonic survival rate is 93% by d 8
and only 56% by d 12 post-Al (Diskin and Sreenan,
1980). Similarly, only 48% of embryos recovered from
dairy cows on d 7 after Al were classified as normal
(Weibold, 1988). Thus, substantial pregnancy loss likely
occurred before the establishment of pregnancy status
using rectal palpation or transrectal ultrasonography
in these studies.

The objective of this study was to evaluate the accu-
racy of the ECF test and eliminate the likelihood of
incorrect false-positive and false-negative results by us-
ing serum samples collected from dairy cattle with a
known pregnancy status on d 6 after estrus.

MATERIALS AND METHODS
Animals and Estrus Detection

Primiparous and multiparous Holstein cows and nul-
liparous Holstein heifers were housed at the Dairy Cat-
tle Research Center and the Arlington Dairy Cattle
Research Center at the University of Wisconsin-Madi-
son. Animals were managed using standard dairy hus-
bandry practices, and the University of Wisconsin Ani-
mal Care and Use Committee approved all animal han-
dling and sample collection procedures.

Cows were observed visually for standing estrus
twice daily for 20 min with the aid of a cow androgenized
with hormonal ear implants (Synovex H; Fort Dodge
Laboratories Inc., Fort Dodge, IA). To identify animals
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in estrus that failed to stand during the visual observa-
tion periods, each cow was fitted with a pressure-acti-
vated heat mount detector (Kamar, Kamar Inc., Steam-
boat Springs, CO) that was observed twice daily. For
nulliparous heifers, the only criterion used for determi-
nation of estrous behavior was the presence of an acti-
vated heat mount detector (Kamar), which was ob-
served once daily. To ensure that an ovulation had oc-
curred, the presence of a corpus luteum was verified for
each animal on d 6 after estrus by using an ultrasound
machine equipped with a transrectal 7.5 MHz linear-
array transducer (Aloka 500V; Corometrics Medical
Systems, Inc., Wallingford, CT). Day 0 of the estrous
cycle was defined as the day that mounting behavior
or an activated heat mount detector was identified.

Pregnancy Status of Animals

Nonpregnant animals included cows (n = 9) and heif-
ers (n = 8) that were not inseminated after estrus. By
contrast, pregnant animals were artificially insemi-
nated on the day of estrus (i.e., d 0) with a single straw
of frozen-thawed semen. Each straw contained semen
from four high fertility bulls that was mixed at the time
of collection and packaged and frozen into single 0.5-
ml French straws (ABS Global, De Forest, WI). On d 6
after estrus (5 d after ovulation), a blood sample was
collected, and embryos then were recovered by using a
nonsurgical flushing technique (Elsden et al., 1976).
Recovered embryos were evaluated for quality and were
graded on a scale of 1 to 5 (1 = excellent to 5 = degener-
ated) as described previously (Ahmad et al., 1995). Only
serum samples from cows (n = 17) and heifers (n = 1)
from which at least one embryo of excellent, good, or
fair quality was recovered were included in the present
study. Cows from which embryos were recovered in-
cluded dry (n = 8) as well as lactating (n = 9) animals.
Of the 18 embryos recovered, 10 graded excellent, 5
graded good, and 3 graded fair.

Collection and Processing of Serum Samples

Serum samples collected from dairy cattle during the
summer and winter of 1999 were used for this experi-
ment. Blood samples were collected by coccygeal veni-
puncture, allowed to clot for 24 h at 4°C and centrifuged,
and serum was harvested and stored at —20°C for 6 to
12 mo. Assessment of frozen-thawed serum in the ECF
test is acceptable if the frozen serum sample is thawed
completely and vortexed so that any sediment at the
bottom of the sample tube is completely resuspended
(personal communication with Concepto-Diagnostics).
Serum samples were subjected to no more than one
freeze-thaw cycle during the storage period before
thawing for analysis in the present experiment.
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Thus, a total of 35 serum samples collected on d 6
after Al and(or) estrus were evaluated in this study.
Serum samples collected from noninseminated animals
were evaluated as an unequivocal source of sera from
nonpregnant animals (n = 17), whereas serum samples
collected from animals inseminated after a detected
estrus and from which at least one embryo of excellent,
good, or fair quality was recovered at a nonsurgical
flush 6 d after Al were evaluated as an unequivocal
source of sera from pregnant animals (n = 18).

ECF Test Procedure

The ECF test is a colorimetric, qualitative, lateral-
flow assay that uses monoclonal and polyclonal antibod-
ies incorporated onto a nitrocellulose membrane. An
antibody-gold conjugate is used to detect the presence
of the ECF glycoprotein. Each ECF kit contains 25 indi-
vidually sealed test cassettes with humidity indicators,
one pipette, and one bottle of buffer solution. All ECF
test kits used for the study were from the same manu-
facturing lot (# C99029) purchased from a local distribu-
tor and were used for this experiment before the expira-
tion date printed on the product label. All ECF kit re-
agents were stored at 4°C until used to evaluate the
serum samples, and all serum samples were analyzed
on the same day.

On the day of the assay, serum samples were allowed
to thaw completely and equilibrate to room tempera-
ture. Each sample was then vortexed until any sedi-
ment at the bottom of the sample storage tube was
suspended completely. The humidity indicator pack-
aged with each cassette was verified before proceeding
with the test, which was conducted explicitly following
the manufacturer’s instructions outlined in the product
insert (Concepto Diagnostics, 1999). Briefly, the drop-
per pipette provided with each ECF cassette was used
to place one drop of serum onto the nitrocellulose mem-
brane through the sample window of the test cassette
followed immediately by the addition of 4 drops of the
wash buffer provided with the kit. The cassettes then
were allowed to incubate at room temperature for 2 h.

ECF Test Evaluation

To evaluate the repeatability of the ECF test, each
serum sample (n = 35) was evaluated by using two
separate test cassettes (tests 1 and 2). To evaluate re-
peatability between readers, two independent readers
(readers 1 and 2), who were blind to the experimental
design, evaluated the result of each cassette at the end
of the 2-h incubation period. Instructions for interpre-
ting the ECF test results included in the package insert
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were read aloud to each reader immediately before they
assessed the cassettes. Briefly, each reader was in-
structed to categorize the result of each cassette into
one of three outcomes (pregnant, nonpregnant, or in-
valid) as follows. The presence of two reddish colored
lines, one each in the “C” and “T” window of the cassette,
indicates that the cow conceived and is pregnant,
whereas the presence of only one reddish colored line
in the “C” (control) region of the cassette indicates that
the cow did not conceive and is nonpregnant. Discern-
ment of any line present in the “T” (test) region is to
be considered a positive outcome despite the faintness
of the line. The absence of a discernable line in the
control region of the cassette indicates an invalid test.

Data Analyses

Contingency 2 x 2 tables were constructed for each
test within each reader to calculate the ECF test sensi-
tivity, specificity, positive predictive value (PPV), nega-
tive predictive value (NPV), and accuracy based on the
unequivocal pregnancy status of each animal at the
time of blood sample collection (Martin et al., 1987).
Test sensitivity was calculated as the proportion of se-
rum samples from pregnant cattle with a positive ECF
test result (number of true-positive results/[number of
true-positive results + number of false-negative re-
sults]), and test specificity was calculated as the propor-
tion of serum samples from nonpregnant cattle with
a negative ECF test result (number of true negative
results/[number of true-negative results + number of
false-positive results]). The PPV of the test was calcu-
lated as the probability that a positive ECF test result
is from a pregnant animal (number of true-positive re-
sults/[number of true-positive results + number of false-
positive results]), and the NPV was calculated as the
probability that a negative ECF test result is from a
nonpregnant animal (number of true-negative results/
[number of true-negative results + number of false-neg-
ative results]). Test accuracy was calculated as the
probability of correctly identifying the pregnancy status
of an animal using the ECF test ([number of true-posi-
tive results + number of true-negative results]/[number
of true-positive results + number of true-negative re-
sults + number of false-positive results + number of
false-negative results]). Data from all readers and tests
were pooled to calculate the overall ECF test sensitivity
and specificity. Agreement between readers and be-
tween test repeats was calculated as the number of
observations in which the readers or tests agreed ex-
pressed as a percentage of the total number of observa-
tions. Positive and negative predictive values were cal-
culated for various preselected conception rates based
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Table 1. Early Conception Factor (ECF) test results for blood sera
collecteld from pregnant and nonpregnant dairy cattle on d 6 after
estrus.

Pregnancy status?

Test Reader ECF test result Pregnant Nonpregnant
1 1 Pregnant (+) 16 16
Nonpregnant (-) 2 1
2 Pregnant (+) 14 17
Nonpregnant (-) 4 0
2 1 Pregnant (+) 17 17
Nonpregnant (-) 1 0
2 Pregnant (+) 15 15
Nonpregnant (-) 3 2

ISerum samples from pregnant (n = 18) and nonpregnant (n = 17)
dairy cattle were evaluated using two ECF test cassettes (tests 1 and
2), and the result of each test was interpreted by two independent
readers (readers 1 and 2).

2For pregnant dairy cattle, sera were collected on d 6 after estrus
and immediately before collecting embryos from Holstein cows (n =
17) and heifers (n = 1) inseminated after a detected estrus and in
which at least one embryo of excellent, good, or fair quality was
recovered at a nonsurgical flush 6 d after Al; for nonpregnant dairy
cattle, sera were collected on d 6 after estrus from noninseminated
Holstein cows (n = 9) and heifers (n = 8).

on the observed ECF test sensitivity and specificity by
using the Epi Info (1997) computer software program.

RESULTS AND DISCUSSION

A novel aspect of the present assessment of the ECF
test kit is that serum samples used for this evaluation
were collected from dairy cattle with a known preg-
nancy status on d 6 after estrus. Results from this study,
therefore, represent an accurate and unbiased assess-
ment of the accuracy of the ECF test to determine preg-
nancy status in dairy cattle on d 6 after estrus. Although
the ECF test reportedly detects a pregnancy-associated
glycoprotein present in bovine serum within 48 h of
conception, we chose to assess the ECF test on d 6 after
estrus because the corpus luteum is not responsive to
PGFs, before d 3 in dairy heifers and d 5 in lactating and
nonlactating dairy cows (Momont and Seguin, 1984).

In the present study, results from each of the 70
ECF test cassettes were valid based on a nonactivated
humidity indicator packaged with each test cassette
and the presence by the end of the 2-h incubation period
of a reddish colored line in the control region of each
test cassette as assessed by each reader. Results for
each ECF test within each reader were compared to
the unequivocal pregnancy status of each animal at the
time of blood sample collection (Table 1). Pooled results
of evaluations for the two tests conducted for each se-
rum sample by each reader resulted in an overall test
sensitivity, specificity, PPV, NPV, and accuracy of 86,
4, 49, 23, and 46%, respectively (Table 2).
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The test sensitivity, which measures the ability of
the test to correctly identify pregnant animals, was
86%, which translates to a 14% incidence of false-nega-
tive results. By contrast, the specificity of the test,
which measures the ability to correctly identify non-
pregnant animals, was 4%, which translates to a 96%
incidence of false-positive results. A test that frequently
generates positive results regardless of pregnancy sta-
tus would similarly result in a high sensitivity and a
low specificity. Similar but slightly greater sensitivity
and specificity results were reported previously (Des
Coteaux et al., 2000), and the high rate of false-positive
results reported in that study was partially attributed
to the likely occurrence of embryonic loss between the
time that blood samples were collected on d 11 to 15
post-Al and the final confirmation of pregnancy status
which occurred between d 25 and 60 post-Al. This ratio-
nale, however, would not explain the rate of false-posi-
tive results observed in the present study because preg-
nancy status at the time of blood collection on d 6 was
known for each animal. In addition, the frequency of
positive ECF test results increased with increasing in-
cubation times of 30, 60, and 90 min (Des Coéteaux et
al., 2000), which could partially explain the discrepancy
with the present study in which all test results were
read after a 120-min incubation period.

In the present study, the observed agreement be-
tween readers was 91% (32/35) for test 1 and 89% (31/
35) for test 2, whereas observed agreement between
tests for the same serum sample was 94% (33/35) for
reader 1 and 91% (32/35) for reader 2 (Table 1). Both
readers easily distinguished the intensity of the line in
the control region of each cassette, whereas the inten-
sity of the line in the test region varied among cassettes
from nondiscernible (i.e., no visible line) to a similar
intensity to the line in the control region of the cassette.
In general, the faintness of the lines in the test region of
some cassettes accounted for the discrepancies between
readers and tests.

Agreement between readers and tests in the present
study could indicate that the test does detect a com-
pound present in bovine serum on d 6 after estrus,
but that this compound is not closely associated with
pregnancy status. The EPF molecule is secreted during
periods of cellular proliferation, peaking during the log-
arithmic phase of proliferation and decreasing after cel-
lular growth arrest or cellular differentiation (Morton
et al., 1987). Furthermore, the amino acid sequence of
EPF derived from human platelets is highly homolo-
gous to the sequence of rat mitochondrial chaperonin
10 (Cavanagh, 1996), a heat shock protein that func-
tions as a molecular chaperone (Ellis and van der Vies,
1991; Lindquist and Craig, 1988). The principal role of
the embryo during maternal recognition of pregnancy
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Table 2. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and
accuracy for Early Conception Factor (ECF) test results.’

Test Reader Sensitivity? Specificity® PPV* NPV® Accuracy®
1 1 89% 6% 50% 33% 49%
(16/18) (1/17) (16/32) (1/3) (17/35)
2 78% 0% 45% 0% 40%
(14/18) (0/17) (14/31) (0/4) (14/35)
2 1 94% 0% 50% 0% 49%
(17/18) 0/17) (17/34) (0/1) (17/35)
2 83% 12% 50% 40% 49%
(15/18) (2/17) (15/30) (2/5) (17/35)
Pooled results 86% 4% 49% 23% 46%
(62/72) (3/68) (62/127) (3/13) (65/140)

1Serum samples from pregnant (n = 18) and nonpregnant (n = 17) dairy cattle were evaluated using two
ECF test cassettes (tests 1 and 2) and the result of each test was interpreted by two independent readers

(readers 1 and 2).
2Proportion of serum samples from pregnant cattle

with a positive ECF test result.

3Proportion of serum samples from nonpregnant cattle with a negative ECF test result.

4Probability that a positive ECF test result is from a pregnant animal.
5Probability that a negative ECF test result is from a nonpregnant animal.
SProbability of correctly identifying pregnancy status.

in cattle is to inhibit the development of endometrial
oxytocin receptors, which in turn inhibits endometrial
release of PGFy, and luteal regression (Mann et al.,
1999). It is well established that bovine embryos must
produce a protein called interferon-7 to inhibit luteo-
lysis, thereby establishing maternal recognition of preg-
nancy (for a review see Mann et al., 1999). Administra-
tion of exogenous recombinant bovine interferon-7 to
Holstein cows extended luteal lifespan and eliminated
oxytocin-induced secretion of PGFy, (Myer et al., 1995).
Expression of mRNA for interferon-7 is not detectable
until d 12 of gestation in cows, is maximal on d 15 to
16, and continues to be expressed at least until d 25 of
gestation (Farin et al., 1990). Thus, maximal expression
of interferon-r mRNA temporally coincides with normal
timing of luteal regression in cattle. Based on those
reports, further evaluation of EPF, perhaps specifically
interferon-7, as an unequivocal marker for pregnancy
in cattle is warranted with more emphasis on detection
during d 13 to 17 after insemination.

To simulate the expected performance of the ECF
test based on present results, PPV and NPV were calcu-

lated for various conception rates observed for herds of
lactating dairy cows and dairy heifers based on the ECF
test sensitivity and specificity observed in the present
study. The PPV increased and NPV decreased as con-
ception rate increased (Table 3). Although the PPV in-
creases as the conception rate in a herd increases, the
NPV would be less than 50% (i.e., no better than a
guess) in dairy herds exhibiting a conception rate
greater than 25%. This simulation illustrates the unre-
liability of the ECF test as a tool for detection of non-
pregnant animals and underscores the potential for iat-
rogenic embryonic loss if PGF,,, or one of its analogues
is administered to animals based on a negative ECF
test result.

CONCLUSION

The ECF test, in its present form, is an unreliable
method for determining pregnancy status on d 6 after
estrus in dairy cattle. Although the predictive value of
a positive ECF test result increases as the conception
rate in a herd increases, the predictive value of a nega-

Table 3. Positive predictive value (PPV) and negative predictive value (NPV) of the Early Conception Factor

(ECF) test for selected conception rates’.

Conception rate (%)

Virgin heifers 40 45 50 55 60 65 70
Lactating Cows 20 25 30 35 40 45 50

PPV (%) 19 24 29 34 39 44 49 54 59 64 69
NPV (%) 69 46 40 35 30 40 35 31 16 13 11

1For each conception rate, positive and negative predictive values were calculated based on the observed
test sensitivity and specificity of 86% and 4%, respectively.
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tive ECF test result would be less than 50% (i.e., no
better than a guess) in dairy herds exhibiting a concep-
tion rate greater than 25%. Dairy producers who choose
to use this commercially available ECF test as a tool for
early detection of nonpregnant dairy cattle can expect a
high rate of iatrogenic embryonic loss when administer-
ing PGFs, or one of its analogues to animals based on
a negative ECF test result.
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