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ABSTRACT
CHANGES IN PREGNANCY-ASSOCIATED GLYCOPROTEINS ASSOCIATED
WITH FETAL AGE, POSTPARTUM INTERVAL AND EVALUATION OF A

CHUTE-SIDE LATERAL FLOW ASSAY

ADALAIDE C. KLINE

2021

Transrectal ultrasonography is known as the gold standard for pregnancy
detection but requires costly equipment and technical skill. Access to a cheaper and more
user-friendly method with similar accuracy to transrectal ultrasonography would be
beneficial to individual cattle producers and to the cattle industry as a whole. Pregnancy
diagnosis by detection of pregnancy-associated glycoproteins (PAGs) has the ability to
accurately determine pregnancy in ruminants, however, usually requires specialized
equipment for the assay. Pregnancy-associated glycoprotein pregnancy tests are gaining
in popularity due to their ease of use and the unique feature of not requiring specialized
training. Recently, a new lateral flow test (Alertys OnFarm Pregnancy Test) that does not
require special equipment has been developed. A downside to blood pregnancy tests is
they only provide an answer as to whether an animal is pregnant or nonpregnant. In
addition, PAGs have a long half-life (80 to 100 d) in the maternal blood supply and can
cause a false positive result. Thus the objectives of these studies were to determine
whether a commercially available blood pregnancy test could be modified to detect
differences in PAG concentrations to determine fetal age in cattle (study 1, chapter 2)
and to determine factors that impact clearance of PAGs in postpartum beef females

(study 2,
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chapter 2) and also, to compare the accuracy of the IDEXX lateral flow, IDEXX Alertys
Rapid Visual, and IDEXX Alertys Ruminant Pregnancy Test to transrectal
ultrasonography (study 1, chapter 3) and to determine how many days postpartum (dpp)
is necessary for the clearance of PAGs from the previous pregnancy to avoid false
positives when utilizing the lateral flow test (study 2, chapter 3). In chapter 2, previously
identified pregnant Bos taurus females from six different herds and postpartum females
from one herd were utilized: (n = 1,753; study 1) between d 28 and 285 of gestation and
(primiparous n = 418 and multiparous n = 657; study 2) once a week for up to 12 weeks
after calving. In study 1, procedures were adapted to allow PAG concentrations to fall
within the detectible range of the assay. Data were analyzed using the MIXED procedure
of SAS with parity and gestational age (also divided into four gestational groups: 1) < 30
d; 2) 30-90 d; 3) 91-180 d; 4) > 180 d) in the model and then analyzed further using the
REG procedure in SAS within gestational age group. In study 2, data were analyzed as
repeated measure using the MIXED procedure of SAS with parity, days postpartum
(dpp), and parity by dpp in the model, then data was analyzed further using the REG
procedure in SAS. In study 1, there was a significant effect of gestational age and a parity
by gestational age interaction (P < 0.01) as well as a tendency of parity (P = 0.08).
Among nulliparous and multiparous females, serum PAG concentrations did not differ
between gestational age groups 1 and 2 (P > 0.84); however, PAG concentrations
differed between groups 2 and 3 (P < 0.0001) and 3 and 4 (P < 0.0001). There was a
positive correlation between gestational age and PAG concentrations (P < 0.01; r?=0.
2604). In study 2, there was a significant effect of dpp (P < 0.01) on PAG concentrations;

however, PAG concentrations were not influenced by parity (P = 0.73) or parity by dpp
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(P =0.55). Concentrations of PAGs rapidly decreased from d 0 to 50 postpartum and
then continued to gradually decrease (P < 0.01; r? = 0.8083). Prior to 42 dpp, PAG
concentrations were sufficiently elevated which resulted in false positive readings. In
chapter 3, blood samples were collected from six different Bos taurus herds between day
27 and 285 of gestation (nulliparous n = 1,205 and multiparous n = 1,539; study 1).
Additional blood samples to determine PAG clearance interval were collected weekly
postpartum for up to 12 weeks (primiparous n = 418 and multiparous n = 657; study 2).
Serum was tested using the lateral flow test and were read by two technicians who were
blind to animal pregnancy status. Level of agreement between the different methods of
pregnancy detection was determined by Pearson’s correlation and Kappa scores. The
MIXED procedure of SAS was used to evaluate the effect of dpp and parity (primiparous
or multiparous) on clearances. In study 1, there was a positive correlation between
transrectal ultrasonography and the lateral flow test (r =0.77; P < 0.01), and agreement
between the two tests was good (Kappa = 0.84). Of the animals that were diagnosed
nonpregnant by transrectal ultrasonography, 5.61% were called pregnant by the lateral
flow test. Of the animals diagnosed pregnant by transrectal ultrasonography, 2.00% were
called not pregnant by the lateral flow test. Thus, a 92.38% agreement occurred between
the two methods. In study 2, for postpartum samples, there was no effect (P = 0.21) of
parity, but there was an effect of dpp (P < 0.01) and a tendency for a dpp by parity
interaction (P = 0.06). All animals were still considered pregnant from the previous
pregnancy through 35 dpp (100 £ 2.58%). The percentage of females receiving a false
positive test result further decreased with time postpartum, by 77 dpp there were 13.72 £

3.16% of the females positive for pregnancy and at 84 dpp there were 4.11 + 4.39%
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positive for pregnancy detection. In conclusion, there is very good agreement between
transrectal ultrasonography and the lateral flow PAG test, but if the test is used at less
than 40 dpp the likelihood of false positive result is extremely likely. Thus, the test

should be utilized at least 42 dpp to prevent gaining false positive results.



CHAPTER 1

LITERATURE REVIEW

INTRODUCTION

In order to find success in the beef cow/calf industry, reproductive management
practices must be implemented and held to a high standard in an operation. There are
multiple reproductive management strategies which operations should try to implement
early on in the breeding season: insemination of all cows towards the beginning of
breeding season, detection of all non-pregnant cows as soon as possible, and any of the
non-pregnant cows should be rebred as early as possible or sent to be culled or to a
feedlot (B0 et al., 2016). Reproductive efficiency plays a critical role in influencing the
economic standing within a cow-calf operation (Smith et al., 2005). The economic impact
of reproduction is at least five times as more important than calf growth in commercial
operations (Trenkle and Willham, 1977).

Most of the income for an operation comes from calves that are born alive, thus
there is a direct dependency on reproductive efficiency (Santos et al., 2009). Increasing
the calf crop only one percent (86 to 87 percent) by applying reproductive technologies
there is a gain of either an additional 200,000 calves, or 340,000 fewer cows are required
to produce the same number of calves (Trenkle and Willham, 1977). To have maximum
efficiency within a herd a cow must produce a calf every year. The gestational length in
Bos taurus cows ranges from 280 to 285 days in length (Paschal et al., 1991), leaving
only 80 to 85 days for uterine involution, normal ovarian cyclicity, and conception to

occur, which typically a cow requires about 40 days for the uterus to recover from



parturition (Caldow et al., 2005). So, this puts greater importance on getting cows bred
and making sure they are pregnant earlier in the breeding season to allow further
management decisions to not only enhance the herd but also add more profitability to the
operation.

Following insemination in beef cows, fertilization rates are 90 percent, by time of
parturition the total amount of embryo deaths account for more than 30 percent of the
reproductive failure, of which the largest proportion of embryo deaths occur between
days 8 to 16 (Diskin and Sreenan, 1980). The quantity of pregnancy losses continues to
decrease each day as the pregnancy advances and becomes much lower after day 60 of
gestation in cattle (Diskin and Morris, 2008; Wiltbank et al., 2016). According to
Bellows et al. (2002), the reproductive condition in beef cow-calf herds becoming the
costliest is infertility. The reason infertility is the greatest financial setback is because
producers tend to cull any infertile females on their operation, which means the acquired
cost producers have gained from either raising or purchasing a female are currently not
generating any revenue (Bellows et al., 2002). There is also decreased salvage value, due
to infertility compared to selling a pregnant female (Bellows et al., 2002). Thus, making
reproductive technologies important to implement into an operation.

The purpose of this review is to establish the physiological events that occur
during embryo and fetal development. The concepts considered within this review will
add to the discussion of maximizing reproductive efficiency, management, and economic
decisions by implementing early pregnancy detection and giving producers a better
understanding of pregnancy detection methods available to implement the one that best

fits their operation.



EMBRYO AND FETAL DEVELOPMENT

A female who is unable to produce a calf early post-breeding may lack proper
ovulation, fertilization, or normal growth of the existing conceptus, which can drastically
decline productivity by increasing the number of days required for a female to produce a
calf on the ground at the end of the gestational period (Warnick and Hansen, 2010). The
two main origins for reproductive failure in inseminated cattle are due to failure to
fertilize or absence of embryo survival (Santos et al., 2004). According to Diskin and
Sreenan (1980) fertilization rates in cows are about 90 percent, but calving rates are only
about 55 percent. Early embryonic death occurring from day 8 to 16 following
insemination accounts for about 40 percent of all pregnancy loss in cattle (Ayalon, 1978;
Diskin and Sreenan, 1980; Farin et al., 2001; Diskin et al., 2011).

A cow’s estrous cycle length is of normal length (~21 days) when embryonic
mortality occurs before maternal recognition of pregnancy (day 16), but if it occurs later
than day 16, the estrous cycle will be lengthened (Northey and French, 1980; Farin et al.,
2001). Although late embryo mortality does not have as many losses as early embryo
mortality, it does have a greater negative effect on a herd, especially in herds with a
distinct breeding season (Diskin et al., 2011). Late embryonic mortality causes severe
economic loss within an operation because by the time it is recognized it is too late to
rebreed those females within the herd, so ultimately these open females get culled from
the herd (Diskin et al., 2011). During early embryonic development, luteolytic
mechanisms need to be stopped in order to allow for continual growth and development

of the embryo, so steroidal hormones need to be secreted in order to stop luteolysis



(Mann and Lamming, 2001). When an embryo survives beyond the point of maternal
recognition of pregnancy luteal regression becomes delayed, which allows for return to
estrus to be suspended and the embryo can grow and develop further (Diskin et al., 2011).
The health status of an individual cow or herd affects the efficiency of the
operation and also reproductive performance either in a direct or indirect manner, so there
needs to be awareness of the female’s health so the embryo can remain healthy and viable
(Diskin et al., 2011). The majority of pregnancy loss in cattle occurs during the
preimplantation stage of embryo development, which is why it is commonly considered
as the critical period (Valadéo et al., 2018). Due to this high amount of implantation
failure typically two ovulation cycles are necessary in order to achieve pregnancy
(Valad&o et al., 2018). Thus, to have the most success in cattle operations, reproductive
management advancements need to be made in the future by concentrating on boosting
fertilization rates and reducing embryonic loss in efforts of improving conception rates
(Santos et al., 2004). The subsequent sections will discuss the role they play in early

embryo and fetal development.

Fertilization

Most cows remain in estrus for 18 hours (Trimberger and Davis, 1943). Once a
cow has exhibited estrus, ovulation typically occurs between 10 to 18 hours later
(Nalbandov and Casida, 1942; Brackett et al., 1980). Once a cow begins to show signs of
standing estrus, she becomes receptive to be bred either by natural service or artificial
insemination and semen can be deposited into the vagina (natural service) or uterine body

(artificial insemination; Lopez-Gatius, 2000). The development of the Graafian follicle



on the threshold of ovulation dictates the harmonization of two gametes, sperm and
oocyte (Hunter and Wilmut, 1984). Adequate amounts of spermatozoa navigate during
early estrus into the anterior portion of the oviducts around 8 to 12 hours or more after
mating (Hunter and Wilmut, 1983, 1984; Wilmut and Hunter, 1984). In order to achieve
successful fertilization in vivo, mammalian spermatozoa must experience capacitation
first and then undergo the acrosome reaction (Fraser, 1998). During capacitation, there
are three significant changes that could occur on the exterior of the sperm, which include:
molecules being lost, rearranged, or unmasked (Oliphant et al., 1985; Fraser, 1998).
Capacitation occurs at a relatively slow rate (hours), while the acrosome reaction is
comparatively rapid, minutes, to complete (Fraser, 1998).

When mammalian spermatozoa leave the male reproductive tract, they are
extremely motile, but at this time they are not able to fertilize an oocyte yet (Austin,
1951; Chang, 1951; Fraser, 1998). Once capacitation and the acrosome reaction have
occurred in sperm cells it is critical that sperm bind with the oocyte (Betteridge and
Fléchon, 1988; Fraser, 1998). After ejaculation via natural service the number of
spermatozoa that reach the site of fertilization, become limited to only a small proportion
of the ejaculated sperm (Fraser, 1998). The myometrium contractions help move sperm
when high estradiol concentrations are present at estrus, but it is unlikely that many reach
the fertilization site; although, motile sperm, by swimming, reach the site of fertilization
(Hunter and Wilmut, 1984; Wilmut and Hunter, 1984; Senger, 2003).

Once sperm cells reach the oocyte, sperm cells must penetrate the zona pellucida,
a protective ring that surrounds the oocyte. The zona pellucida (ZP) is made up of three

glycoproteins, known as ZP1, ZP2, and ZP3 (Wassarman, 1988). Two glycoproteins, ZP1



and ZP2, give the zona pellucida its structure, while ZP3 provides a binding site for the
head of the sperm (Wassarman, 1988). The acrosome reaction is initiated once the sperm
becomes bound to the zona pellucida binding region and acrosome promoting ligand
(Wassarman, 1988). The acrosome reaction is an exocytotic event which allows a sperm
cell to penetrate the zona pellucida where it can now fuse with the oocyte plasma

membrane (Yanagimachi, 1988; Fraser, 1998).

Early Embryo Development

When the nucleus of the sperm enters the cytoplasm it commences a process
called syngamy, fusion of male and female pronuclei, which is the last step in fertilization
(Hansen, 2002). After syngamy, the male and female pronuclei fuse within a singular
diploid nucleus, and the fertilized oocyte is known as a zygote (Betteridge and Fléchon,
1988; Hansen, 2002). The zygote undergoes mitotic divisions, or cleavage divisions. The
first cleavage division takes place around 48 hours post-estrus and creates a two-cell
embryo (Shea, 1981), and further cleavage divisions occur later, creating 4, 8, and 16
daughter cells (Senger, 2003). Each cell at the 2, 4, and 8 cell stages are totipotent,
meaning they have potential to mature into a fully formed calf. Mitotic divisions continue
and each cell decreases in size (Chavatte-Palmer and Guillomot, 2007). Morula stage
embryos are a tight mass of blastomeres formed in a rounded mass around d 4 to 5
(Betteridge and Fléchon, 1988).

There is a continuation of cellular divisions within the cells of the morula until a
blastocyst is formed. As more fluid begins to accumulate in the embryo a fluid filled

cavity is formed known as a blastocoele, and both the inner cell mass (ICM) and



trophoblast cells can be identified (Negron-Pérez, 2017). A blastocyst is composed of an
inner cell mass and a single layer of outer cells, the trophoblast (Forde and Lonergan,
2012). Within the inner cell mass the gap junctions allow for intercellular
communication, but among trophoblast cells the tight junctions allow for the
accumulation of fluid on the inside of the embryo (Shimada et al., 2001; Houghton, 2005;
Senger, 2003). The blastocoele can be seen around d 7 of gestation (Shea, 1981; Senger,
2003). The formation of the first hypoblast cells, also known as primitive endoderm,
occur in the inner cell mass by d 8 (Maddox-Hyttel et al., 2003). By d 10 the hypoblast
cells have a fused hypoblast lining in the inside of the trophoblast (Maddox-Hyttel et al.,
2003).

By d 8 to 11 the cells of the blastocyst hatch from the ZP due to the ZP being
weakened from the increased pressure inside causing it to rupture (FIéchon and Renard,
1978; Shea, 1981; Garrett et al., 1988; Forde and Lonergan, 2012). Once hatched, the
conceptus becomes completely reliant on the uterine environment to assist and support in
survival and attachment of the conceptus (Garrett et al., 1988; Geisert et al., 1991).

By d 12 the inner cell mass is transformed and is referred to now as the epiblast, a
thin overlying trophoblast lining known as the Rauber’s layer, which establishes the
embryonic disk (Fléchon and Renard, 1978; Maddox-Hyttel et al., 2003). The
combination of the epiblast and hypoblast are known as the embryonic disk (Vejlsted et
al., 2006). Simultaneous to elongation occurring, the ICM is developing and
differentiating from a spherical disk into an oval embryonic disk (Greenstein and Foley,
1958; Blomberg et al., 2008). Once the disk becomes converted into an oval shape, the

mesodermal cells can be distinguished from the ICM and begin to migrate out between



the trophectoderm and endoderm by d 14 to 16 (Winters et al., 1942; Greenstein and
Foley, 1958; Betteridge and Fléchon, 1988). The conceptus then gets transformed into an
elongated conceptus which has a direct correlation between length and time, as the
duration of time increase so does length of the conceptus (Forde and Lonergan, 2012).
During elongation the conceptus increases in size by greater than one-thousand-fold
(Maddox-Hyttel et al., 2003). The blastocyst is a free-floating embryo until around d 20
to 23 and is found in the lumen of the uterus (King et al., 1981; Negron-Pérez, 2017). The
conceptus becomes elongated and occupies space in both of the uterine horns by d 20 to
25 of gestation (Assis Neto et al., 2009). It is imperative for the trophectoderm to

elongate so it can make as much contact with the endometrium as possible (Goff, 2002).

Extraembryonic Development

Later in embryo development the ICM evolves into the body of the embryo and a
portion of its extraembryonic tissues, while the trophoblast will evolve into the
extraembryonic ectoderm once attachment has occurred and it forms the chorion of the
placenta (Senger, 2003; Hue et al., 2015; Negron-Pérez, 2017). Further transformation of
the ICM occurs to form the epiblast, developing later into fetal tissues, and the hypoblast,
developing later into extraembryonic tissues (Kuijk et al., 2012). The conceptus develops
its extraembryonic membranes before attachment can even occur (Degrelle et al., 2005;
Hue et al., 2015). There are four membranes which are formed during this
extraembryonic period that consist of the trophoblast, endoderm, mesoderm, and the
embryo (Greenstein and Foley, 1958). When the conceptus elongates it allows

extraembryonic differentiation to occur: yolk sac and allantois development, necessary



for embryonic survival, and establishment of the placenta (Guillomot, 1995; Hue et al.,
2012; Spencer and Hansen, 2015).

The mesodermal cells become separated into two layers: outer cell layer, which
lines the trophectoderm, and inner cell layer, which acts as the wall around the endoderm
(Betteridge and Fléchon, 1988). The outer layer forms the chorion, while the inner layer
creates the outer wall of the yolk sac (Betteridge and Fléchon, 1988). The embryonic
endoderm and mesoderm develop both the chorion and amnion. The embryonic
endoderm matures into the yolk sac when both ends of the hypoblast become joined
together (Negrén-Pérez, 2017). The amnion is a fluid filled cavity that aids in protection
and allows for growth and development of the fetus; while the chorion is what will later
attach to the uterus.

The yolk sac begins to form when the embryo begins its own blood circulation
(Assis Neto et al., 2010). Around d 18 the amniotic sac is formed (Greenstein and Foley,
1958). The layer between the two mesoderm layers is known as the coelom, which is
where the allantois buds into this space; around d 20 (FIéchon and Renard, 1978;
Betteridge and Fléchon, 1988). The second and most apparent blood vascular system is
produced by the allantois, which is observable as early as d 20 to 21 as a bud (Fléchon
and Renard, 1978; Maddox-Hyttel et al., 2003; Assis Neto et al., 2010). Day 20 to 25 the
amnion is not completely fused with the allantois, so at this stage they remain
distinguishable (Assis Neto et al., 2009). There are three distinct layers of membranes in
contiguity, the chorion, allantois, and amnion (Assis Neto et al., 2009). The chorion is the
external layer, allantois is the intermediate transparent layer, and the amnion is a thin

membrane that wraps around the embryo (Assis Neto et al., 2009). Around d 32 to 39,
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sexual development of the fetal gonads can be distinguishable (Erickson, 1966). By d 40
to 50, the allantois and chorion become fused with each other to form the chorioallantois
(Assis Neto et al., 2009). The formation of these extraembryonic structures is necessary

for strong embryo attachment to the uterus of the dam.

Maternal Recognition of Pregnancy

Maternal recognition of pregnancy (MRP) is referred to when the uterus, either
recognizes that the conceptus is present and continuing with the pregnancy; no embryo is
present and resetting the estrous cycle; or it thinking the conceptus is a foreign object and
eliminating both the conceptus and the source of progesterone by regressing the corpus
luteum (CL; Wiltbank et al., 2016). The term MRP was created by Robert Short in 1969
defined as the physiological process where the conceptus signals to the maternal system
that it is present and needs the maternal system to lengthen the existence of the CL in
order to maintain elevated concentrations of progesterone (Spencer and Hansen, 2015).
The enlargement of the trophoblast increases placental surface area to facilitate
communication between dam and conceptus, it also aids in nutrient exchange essential
for the survival of the conceptus (Stroband and Van der Lende, 1990; Blomberg et al.,
2008). According to Wiltbank et al. (2016), the mortality rate during this period, MRP, is
about 30 percent. The time period around MRP is known as the critical period during
gestation, because the uterus needs to identify the existence of the conceptus so it is
maintained (Wiltbank et al., 2016). While elongation is occurring, there are multiple
molecules expressed such as, interferon-tau (IFN-t); placental lactogen; and pregnancy-

associated glycoproteins (PAGs; Degrelle et al., 2005; Hashizume, 2007; Blomberg et al.,
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2008). The conceptus becomes entirely reliant on maternal secretions in order to ensure
its survival during this critical time period (Forde and Lonergan, 2012). Atd 16 of
gestation the embryo needs to influence the maternal system in order to prevent
regression of the CL with adequate amounts of IFN- 7 and to allow for MRP to be
completed (Northey and French, 1980; Forde and Lonergan, 2012).

In ruminants, the signaling molecule for MRP is interferon-tau, produced
specifically by the trophoblast during extraembryonic development, acting within the
uterus to prevent luteolysis and extend secretions of progesterone (Stewart et al., 1992;
Guillomot, 1995; Matsuyama et al., 2012). Interferon-tau plays a large role in the
establishment of pregnancy (Matsuyama et al., 2012). Expression of IFN-z rises during
the elongation stage of gestation, peaking just before the conceptus attaches to the uterine
epithelium, and then dissipates once implantation has occurred (Hansen et al., 1988;
Guillomot, 1995; Matsuyama et al., 2012).

In order to have successful recognition of pregnancy, adequate levels of
embryonic development and production of IFN-7 is needed, which is reliant upon
progesterone secretion after ovulation (Mann and Lamming, 2001). Progesterone
concentrations are elevated until about d 18 post-breeding, which corresponds with the
period of MRP (Kerbler et al., 1997). Progesterone also plays an important role in
evolving the histotrophic environment for the nourishment of the conceptus (Rani et al.,
2018). The conceptus is critical for the prevention of luteolysis and maintaining
progesterone production by the CL (Goff, 2002). If a conceptus is not present, then both
progesterone and estradiol become involved in regulating the uterus to prepare it to

regress the CL by secreting prostaglandin F2, (PGF2a; Robinson et al., 2001; Rani et al.,
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2018). A decrease in progesterone and an increase in estrogen causes a sequence of
sporadic periods of oxytocin secretion (McCracken et al., 1999). This increase in
estrogen upregulates the endometrial oxytocin receptors, causing the combination of
neurohypophysial oxytocin and the oxytocin receptors found in the endometrium to
secrete luteolytic pulses of uterine PGF2a (McCracken et al., 1999). Interferon-tau
blocks the increase of oxytocin receptors in the endometrium, which causes a decrease in
the amount PGF2a secreted (Spencer and Bazer, 1996; Robinson et al., 1999; Mann and
Lamming, 2001; Goff, 2002).

There is a correlation between elongation of the embryo (specifically the
trophectoderm) and increased concentrations of IFN-t, which decreases PGF2a secretion
(Hansen et al., 1988; Goff, 2002). In order to gain successful establishment of pregnancy
within a cow, the embryo must develop adequately so it can produce sufficient quantities
of IFN-7 by d 16 to avoid luteolysis (Mann et al., 2006). Once IFN-7 becomes absent
from the maternal circulation, new molecules, such as PAGs, placental lactogens and
prolactin-related proteins (PRPs), need to be produced to secure maintenance of
pregnancy (Degrelle et al., 2005; Hashizume, 2007; Blomberg et al., 2008; Valadé&o et al.,
2018). Pregnancy-associated glycoproteins, placental lactogens, and prolactin-related
proteins are found in binucleate giant cells, which appear in the trophoblast of the chorion
on d 16 to 18 (Greenstein and Foley, 1958). A known function of PAGs is they can direct
the CL to survive, expand and continue to produce progesterone to allow suppression of
cyclicity and create a proper environment for embryo development (Valadéo et al., 2018).
Binucleate giant cell migration occurs as early as d 20 and continues throughout gestation

(Wooding and Wathes, 1980). Without MRP and hormone signaling, then the dam would
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not recognize the pregnancy, and the conceptus would be lost, hence it being called the

“critical period”.

Placentome Development and Attachment

The uterine wall can be divided into two sections: myometrium and endometrium
(Spencer and Hansen, 2015). The endometrium has two distinct areas: the aglandular
caruncular and glandular intercaruncular regions (Atkinson et al., 1984; Spencer and
Hansen, 2015). The aglandular caruncularis region is the site of superficial implantation
and placentation, while the glandular intercaruncular regions supplies early nourishment
to the embryo through secretions of large molecules (Atkinson et al., 1984; Spencer and
Hansen, 2015). Remodeling of the endometrium is essential for successful attachment
and placentation (Hashizume, 2007).

Normal bovine placental attachment to the endometrium progresses throughout
almost all of the first trimester (Hill et al., 2000). The blastocyst anchors the embryo to
the wall of the uterus (King et al., 1980); this occurs when elongating embryos attach to
the uterus around d 20 to 22 of gestation (Blomberg et al., 2008). This initial attachment
is replaced by attachment through the chorion which occurs between d 28 and 35 of
gestation (King et al., 1980). Attachment takes place from about 20 to 30 d post-
insemination up to 70 d, and placentome enlargement occurs through growth,
vascularization, and number of cotyledons (fetal) opposite to endometrial caruncles
(maternal; Assis Neto et al., 2010). During early attachment, the epithelium of the
carunclar and intercarunclar regions near the embryo expand to each end of the blastocyst

and attach to the chorion by microvillous interdigitation for placental formation (King et
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al., 1980; Wooding and Wathes, 1980; Atkinson et al., 1984). Placentomes develop in the
caruncle region of the endometrium and not in the intercaruncular region of the
endometrium (Atkinson et al., 1984; Hashizume, 2007). Placentomes contain both fetal
and maternal information because they are formed with the fetal trophoblasts and the
maternal endometrium (Hashizume, 2007). A histological examination revealed there are
placentomes, microvilli, and a fragile attachment of maternal and fetal epithelia by d 30
of gestation (King et al., 1979; Hill et al., 2000).

The initial placental connection with maternal caruncle tissue stimulates
hypertrophy and hyperplasia to form cotyledons, observed between d 30 to 40 of
gestation, that are developed by increasing the number, size and thickness of the
placentomes so they become larger and more complexed (Hill et al., 2000; Assis Neto et
al., 2009). Cotyledonary formation extends gradually from the chorionic surface of the
embryonic zone to the chorionic tips, although, there is not a tight chorio-endometrial
connection until at least d 50 (Assis Neto et al., 2010). Assis Neto et al. (2010), found
that around d 37 to 40 there was a maximum of 20 cotyledons present on the chorionic
surface of the embryo but by d 70 that number increased averaging about 80 cotyledons.
Large cotyledons are first observed around d 60 to 70 of gestation (Assis Neto et al.,
2009).

Each caruncle has crypts (maternal component) that increases the surface area
contact with chorionic villi (fetal component; Atkinson et al., 1984; Aires et al., 2014).
The crypts of the caruncle and chorionic villi interlock to maintain both structure and
position (Atkinson et al., 1984). There were multiple caruncles throughout the

endometrium some protruded into the lumen, when combined with cotyledons they
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develop into placentomes (Leiser et al., 1998; Aires et al., 2014). Placentomes act as a
communication source between the dam and the fetus (Hashizume, 2007). The role of
placentomes is to allow transfer of maternal/fetal gaseous, nutrient and metabolic waste
(Aires et al., 2014). Placentomes are also the primary site for small molecular transfer
such as oxygen, carbon dioxide, amino acids, and glucose, whereas macromolecules are
carried through interplacentomal areas adjacent to the uterine gland openings (Hill et al.,
2000). This fetal-maternal transfer of nutrients and gases is vital to maintain the
pregnancy (Stice et al., 1996). There is about a 12 percent loss in pregnancies during this
phase namely due to delays or defects in chorioallantoic placentomes or the fetus, which
eventually results in CL regression or fetal death during this period (Wiltbank et al.,

2016).

Fetal Period

Around d 50 to 60 of gestation marks the beginning of the fetal phase and it ends
at parturition (Assis Neto et al., 2009; Valad&o et al., 2018). Beginning this period is
rapid body growth and maturation of organs and systems (Valadéo et al., 2018). The
transition from an embryo to a fetus occurs when an elongated neck and the umbilical
cord are distinctly visible (Assis Neto et al., 2010). By the third trimester of gestation
fetal length increases slowly, while fetal weight and fetal energy requirements continue to
increase (Valadao et al., 2018). Fetal nutrient source also switches from uterine
histotroph through the yolk-sac, placenta, or choriovitelline nutrition to gather nutrients
from the chorioallantoic placental nourishment for the remainder of gestation (Wiltbank

et al., 2016).
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PREGNANCY DETECTION

Early pregnancy detection is essential to properly manage a cattle herd, but it is
only effective if it is accurate in determining which females are pregnant and which ones
are not pregnant. The greatest single loss in potential calf crop is the failure of cows to
become pregnant during the breeding season (Wiltbank et al., 1961). For every missed
estrus there is a loss of about three weeks of production waiting for that particular animal
to cycle again (Zemjanis, 1962). This is critically important to the profitability of any
beef operation as age at weaning is the single greatest factor that impacts weaning
weight. An analysis of 3,700 calves at the USDA-Meat Animal Research Center
indicated for each day of age after the beginning of the breeding season a calf is born
there is 1.09 kg of weaning weight that is lost (personnel communication R. Cushman).

The possibility of distinguishing between pregnant and non-pregnant animals also
allows for further management decisions to be made. By identifying which females are
non-pregnant or are pregnant they can be sorted into separate groups and managed for
their specific needs, which allows for better utilization of labor and time. Typically, when
early pregnancy detection occurs calves have not been weaned from the dam yet, which
must be taken into consideration with management decisions when a female is non-
pregnant until she has weaned her calf. Non-pregnant females may either be rebred, sent
to a feedlot, or culled. Without pregnancy detection, a non-pregnant heifer or cow who
has weaned a calf would be treated like a pregnant female, which would result in a larger
monetary loss. There are multiple methods of pregnancy detection for cattle, including:

calving, visual signs of return to estrus, transrectal palpation, blood collection for
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interferon-stimulate genes, blood and milk collection for analysis of progesterone, blood
and milk collection for analysis of pregnancy-associated glycoproteins, and transrectal
ultrasonography. Each of these pregnancy detection methods have their own benefits and
downfalls. The ideal pregnancy detection method should accurately identify both
pregnant and non-pregnant females in the herd (Romano and Larson, 2010). Each
producer must determine what pregnancy detection method best suits their
herd/operation. Whatever the method, pregnancy detection is a useful tool to make
informed management decisions and gain improved reproductive and economic success

among your cow-calf herd.

Calving

Calving is the simplest and least time-consuming method of pregnancy detection
there is. The gestational period for a cow on average is 283 days or about nine months
long (Paschal et al., 1991; Senger, 2003). A good indication of a pregnant female close to
calving is when her vulva is swollen and bouncy, an udder has been developed, and there
is mucosal discharge. Consequently, if a producer waits for the female to calve at the end
of 283 days to determine whether she is pregnant or not there is a potential to miss out on
a multitude of other economic and management decisions. In the United States, 21.9
percent of larger operations (200 or more cows) do not use any pregnancy detection
methods and in smaller operations (less than 50 cows) there is a greater percentage (69.6
percent) of operations that do not use any pregnancy detection method (USDA, 2017).
Especially amongst smaller herds there is a larger number of producers who wait for their

females to calve to determine whether they are pregnant or not. Of those producers who
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do not use pregnancy detection the most common reason for not using one was due to the
amount of time and labor required (USDA, 2009). Although calving is ultimately the
cheapest (by direct costs) and least time-consuming method and used frequently in many
herds, it also represents the method that has the greatest indirect cost. These indirect costs
include: $380 to $900 per head for an additional year kept in the herd, also the loss of
productivity by the land for maintaining a cow that is not producing a calf is 1.8 acres per
head (USDA, 2009; Gray et al., 2012). When the indirect costs are evaluated, there are

better and more cost-efficient methods for pregnancy detection.

Return to Estrus

While waiting to see if a cow calves has the lowest direct cost and has the least
amount of labor involved, monitoring cows for return to estrus is the most labor
intensive. The estrous cycle is a recurring pattern of ovarian activity in a female that
begins and ends with periods of sexual receptivity. Estrus behavior (sexual receptivity) in
cattle occurs about every 21 d, and is necessary to allow for mating and potential
pregnancy establishment (Forde et al., 2011). Beef cows nursing calves will initiate
estrous cycles between 30 to 130 d after calving (Short et al., 1990; Forde et al., 2011).
Each estrous cycle consists of two phases: the luteal phase, 14 to 18 d in length, and the
follicular phase, 4 to 6 d (Forde et al., 2011). The luteal phase occurs after ovulation and
the follicular phase occurs prior to ovulation. There are six hormones that have a role in
the estrous cycle: follicle stimulating hormone (FSH), luteinizing hormone (LH),
progesterone (P4), estradiol (E2), gonadotropin releasing hormone (GnRH), and

prostaglandin Fz, (PGF2.). Follicle stimulating hormone is responsible for the
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recruitment of follicles from the pool of growing follicles on the ovaries (Adams, 1999).
When previously dominant follicles ovulate or lose dominance, the inhibitory factors that
allowed it to be dominant are lost resulting in an increase in FSH allowing for a new
wave to begin to grow (Fortune, 1994; Adams, 1999). Following ovulation of a dominant
follicle a CL is formed. The CL secretes progesterone which inhibits females from
exhibiting estrus (Milvae et al., 1996). Elevated concentrations of progesterone are
inhibitory to LH secretion, resulting in the inhibition of a surge of estradiol and a
preovulatory LH surge and ovulation (Adams, 1999). If maternal recognition of
pregnancy is not established around d 16, there are no signals to save the CL (Forde et al.,
2011), and prostaglandin Fz. is released from the uterus in a pulsatory manner, which
results in regression of the CL, known as luteolysis (Shirasuna et al., 2004). Once
luteolysis is initiated, P4 concentrations decrease (Fortune, 1994; Ginther et al., 2011),
and the inhibitory effect of P4 is removed. This allows the next dominant follicle to
produce increased concentrations of E2, and behavioral estrus to occur when Ez
concentrations reach their peak (Staigmiller et al., 1982; Frandson et al., 2003). Without
PGF2., a female would not return to standing estrus during the breeding season
(Burfening et al., 1978; Diskin et al., 2002).

During the late follicular phase, estrus is expressed (expression ranges from 2 to
24 h; Forde et al., 2011). Cows from d 5 to 16 of their cycle or pregnant are less likely to
mount a cow in estrus (Diskin and Sreenan, 2000). Thus, normal estrous cyclicity and
estrus are disrupted when animals are pregnant or when they have other underlying
physiological conditions. Because of this, return to estrus or the non-return to estrus can

be used as a pregnancy detection method. It is important for observers to know what
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signs to look for when observing for standing estrus so they can accurately determine
which females are not pregnant. When females are coming into estrus, they become
restless, bellow more, and mount other females who are in standing estrus (Thomas and
Dobson, 1989). Those in estrus walk 2 to 4 times more than a non-estrous animal (Diskin
and Sreenan, 2000). Some visual signs that females have returned to estrus include
standing to be mounted by other animals, clear mucus discharge from the vagina, ruffed
up tail head, and a swollen vulva (Williamson et al., 1972). Observation of a female
standing while being mounted by another female is an accurate visual sign to observe that
indicates she is in estrus (Williamson et al., 1972).

Estrus mount detectors are a great tool to use to help aid in the detection of
females in estrus (Williamson et al., 1972). Most females exhibit estrus either early in the
morning or later in the evening, when temperatures are cooler (Diskin and Sreenan,
2000). According to Diskin and Sreenan (2000) when females are observed every 4to 5 h
for expression of estrus there is a 90 percent detection rate, however, with the knowledge
of when females are most likely to display estrus, producers can focus their labor by
detecting estrus in the morning and evenings (only 2x per day) and still achieve a 70
percent detection rate (Diskin and Sreenan, 2000). However, this means 30 percent of
non-pregnant animals will be considered pregnant or not in estrus. Thus, the more time
allowed for observing for estrus the greater the accuracy of this method will be. Failure to
detect estrus can be attributed to 10 percent cow problems and the other 90 percent
attributed to management problems such as, human error or inadequate time allotted for
detection of estrus (Diskin and Sreenan, 2000). False positives can also be attributed to

pregnant females showing estrus in a herd, which accounts for about 5 to 7 percent in a
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herd (Thomas and Dobson, 1989). The behavioral signs that pregnant females display is
indistinguishable from non-pregnant females, aside from the shorter duration of standing
behavior, the intensity of standing behavior in a pregnant female is equivalent to that of a
true estrus in a non-pregnant female (Thomas and Dobson, 1989). If pregnancy detection
is inaccurate, animals showing signs of estrus may be considered repeat breeders or
infertile and then sold; if insemination occurs in an already pregnant cow it is very likely
embryo or fetal loss will occur, which would result in a longer calving timeframe
(Esslemont et al., 1985; Thomas and Dobson, 1989).

Detecting return of estrus is cost effective and requires little to no equipment, but
those who are observing for estrus need to know what to look for and be willing to put
the time in to be successful at detecting estrus. Tools such as estrus mount detectors, tail
chalk, and radio telemetric devices may aid in the accuracy of heat detection (Diskin and
Sreenan, 2000). Return to estrus is a good method of identifying whether a female is
pregnant or non-pregnant but is costly in terms of time and can have very high false
positive rates due to human errors. Also, it will most likely need to work in concert with

another pregnancy detection method to ensure pregnancy status later in gestation.

Palpation

Waiting for a cow to calve or observing for the return to estrus are indirect
methods to determine pregnancy; rectal palpation is the oldest form of direct pregnancy
detection (Cowie, 1948; Purohit, 2010). It is conducted by manually palpating through
the rectal and uterine walls for various structures such as fetal membranes, amniotic

vesicle, fetus, or cotyledons within the uterus (Sasser et al., 1986). Wisnicky and Casida
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(1948) were the first to report pregnancy detection in cattle by rectal palpation at d 35 or
later in gestation (Sasser et al., 1986). Typically, rectal palpation examinations are
performed between d 40 and 60 (Jaskowski et al., 2019). The downfall to manual rectal
palpation, is accurate pregnancy diagnosis is dependent upon the technician’s familiarity
of the bovine reproductive tract, stage of gestation, and ability of the technician to detect
differences between pregnant and non-pregnant animals (Zemjanis, 1962). The most
common diagnosis errors are mistaking certain structures of the reproductive tract, such
as, the uterus or parts of the fetus for an organ or bone structure (Zemjanis,1962). If
palpation is performed too early during pregnancy the embryo and/or signs of pregnancy
could be easily missed (Zemjanis, 1962; Gunn and Hall, 2018) or the embryo could be
damaged or even aborted (Zemjanis, 1962; Balhara et al., 2013). In addition, it is not
possible to determine fetal sex or viability by palpation. Structures such as: fetal
membranes, amnionic vesicle, cotyledons, and/or a fetus would be a positive sign of
pregnancy within the female (Zemjanis, 1962). Those who do not have a strong technical
sense for palpation should identify multiple structures indicative of pregnancy when
making their determinations (Zemjanis, 1962).

Rectal palpation is one of the most cost-effective methods, because it requires
minimal equipment (a palpation glove and lubricant) and gives you a real time answer.
Rectal palpation is solely based on feel and having the knowledge to know what is being
felt is truly an accurate representation. Implementation of manual palpation within
smaller herds (less than 50 head of beef cows) was only 14.2 percent of the herds
surveyed, while in larger herds (greater than 200 head) it was utilized in about 53.6

percent of the herds surveyed (USDA, 2017). Although there are other pregnancy
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detection methods available, this method is the most frequently practiced in detecting
pregnancy in beef cattle due to it being cost-effective, easy to perform (if

knowledgeable), and quick.

Interferon-tau stimulated gene (ISGs)

Interferon-tau is the pregnancy recognition signal in ruminant animals (Hansen et
al., 1988), and is produced between d 13 and 16 post-insemination by embryonic
trophoblast cells (Thatcher et al., 1995; Green, 2010). It is present in the uterus from d 13
to 21 after ovulation (Senger, 2003), and preserves the CL by decreasing the luteolytic
pulses of uterine PGF2, (Meyer et al., 1995; Spencer and Bazer, 2004; Shirasuna et al.,
2015). Leukocytes in circulation respond to IFN-t by expressing interferon stimulated
genes (ISGs). These genes can be used as a pregnancy detection method by taking a
blood sample from females. Expression of ISGs in the buffy coat (white blood cells;
(Gifford et al., 2007; Shirasuna et al., 2015) can be measured by extracting ribonucleic
acid (RNA) and performing a polymerase chain reaction (PCR) to determine whether the
female is pregnant or non-pregnant (Gifford et al., 2007). Increased concentrations of
blood 1SGs around d 18 to 22 following insemination are indicative of a conceptus being
present (Wijma et al., 2016). If blood ISG concentrations are low around d 18 to 22 there
is a good chance the female is not pregnant, but all ISGs are completely gone by d 30 of
pregnancy (Lucy et al., 2011).

Determining pregnancy status early is extremely beneficial, and the use of 1SGs is
the earliest method currently available for determining if a cow is pregnant. Since this

pregnancy detection method can be determined as early as 18 to 22 d after insemination
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that means rebreeding non-pregnant females could happen sooner. Detecting pregnancy
in females early is imperative to shorten the calving interval by enabling producers to
identify non-pregnant animals and either treat, rebreed or cull them at the earliest
opportunity possible (Balhara et al., 2013). There is however, a 20 to 40 percent chance
that the embryo present on d 17 to 20 will fail to survive until term, which is a downfall
to determining pregnancy this early (Sreenan and Diskin, 1986; Senger, 2003). The
majority of embryonic loss occurs within 60 d after insemination before the placenta has
a chance to be fully formed (Santos et al., 2004; Lucy et al., 2011). Another downfall is
that this pregnancy detection method would never be done by a producer on the farm or
ranch. This method requires time, skill, and a lab that would allow for RNA extractions
and PCR. Early pregnancy detection means a producer has a greater economic advantage
and management decisions can be made earlier, however, if ISGs are used exclusively
then pregnancy losses and changes in pregnancy status among females may go

undetected.

Blood Progesterone Analysis

Progesterone is important for pregnancy maintenance, inhibiting the expression of
estrus, normal cyclic function, and hypophyseal-gonad interrelationships (Gomes and
Erb, 1965). Progestins are also important for regulating the uterus necessary for
implantation, blastocyst development, and maintenance of the fetus during pregnancy
(Gomes and Erb, 1965). Lucy et al. (2011), reported the first true example of chemical
pregnancy testing identifying non-pregnant cows by measuring progesterone in blood or

milk. Laing and Heap (1971) were the first to suggest the use of milk progesterone for the
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determination of pregnancy in cows. Milk progesterone testing using a direct rapid
radioimmunoassay for pregnancy diagnosis has been available to dairy farmers in the
United Kingdom since 1975 (Booth et al., 1979). Before radioimmunoassay’s, which use
large amounts of blood to determine the progesterone levels in cows, reproductive tissues
collected at time of surgery or slaughter were used to determine progesterone levels
(Short, 1958; Gomes and Erb, 1965).

If a cow is non-pregnant, then her progesterone concentrations will be decreased
at approximately 21 d after insemination, but if a cow is pregnant her progesterone
concentrations will remain elevated (Lucy et al., 2011). This method is more accurate if
performed between 21 to 24 d post-artificial insemination to determine if a cow is truly
non-pregnant (Mortimer and Hansen, 2006). Progesterone testing has a high negative
predictive value (concentrations below 1 ng/mL), which is why it is accurate in
determining if a cow is not pregnant (Booth et al., 1979; Lucy et al., 2011), but it has a
low positive predictive value, so if progesterone values are high, she may or may not be
pregnant (Lucy et al., 2011). The reason for a false positive predictive value for a
progesterone chemical test could be due to an embryonic loss between d 18 and 24 or the
female was never synchronized for artificial insemination (Al) properly (Lucy et al.,
2011).

Measuring progesterone concentrations can be performed by utilizing an ELISA
or RIA assay, although an ELISA assay does not require expensive equipment. It also
does not require the knowledge that is required for transrectal ultrasonography or
palpation and requires less time than detecting estrus (Nebel, 1988). In 1965 when

Gomes and Erb (1965) worked on this method it was hindered by the lack of chemical
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techniques adequately sensitive and specific enough to aid in the quantitation of
progesterone in small plasma samples. Throughout the decades, scientists have created
methods with a greater sensitivity without losing reliability of progesterone (Gomes and
Erb, 1965). Today, progesterone chemical tests use methods to measure small quantities
of progesterone and are still able to attain high sensitivity and specificity (Spieler et al.,
1972). Progesterone rapid visual tests are a good indication of non-pregnant cows during

early gestation, but past d 24 there are more accurate methods available.

Pregnancy-associated glycoproteins (PAGS)

Pregnancy-associated glycoproteins are a part of the large family of aspartic
peptidases (Piechotta et al., 2011). Some members of the aspartic peptidase family
include lysosomal enzymes, cathepsin D and rennin and also digestive enzymes such as
pepsin and gastricsin, which all help to maintain salt homeostasis and blood pressure
within animals (Davies, 1990; Telugu et al., 2009). According to Butler et al. (1982), the
first pregnancy protein discovered in cattle was pregnancy-specific protein-B (PSPB) in
1982. The work performed by Sasser et al. (1986) was the first to reveal a simple, yet
precise and accurate serological test to determine pregnancy in cattle. Later PSPB and
PAG were classified under a new name together known as bovine pregnancy-associated
glycoprotein-1 (boPAG-1; Green et al., 2005; Silva et al., 2007). Although, PAGs have
been studied extensively in cattle, there are still many things we do not know about them
aside from their use for pregnancy detection in blood or milk. Among bovine, there are
22 transcribed genes within the PAG gene family along with other variants (Telugu et al.,

2009). There are two main groupings of PAGs, ancient and modern PAGs (Telugu et al.,
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2009). Ancient PAGs are those that are transcribed in all cotyledonary trophoblast cell
types, predicted to be active enzymes, and possess the activity of typical aspartic
proteinases (Telugu et al., 2009). Modern PAGs, are members that are constructed only
by a particular type of trophoblast cell called binucleate giant cells (BNGC; Green et al.,
2000; Telugu et al., 2009) in the ruminant placenta (Eckblad, 1985; Piechotta et al.,
2011). Once the giant trophoblastic cells migrate from the trophectoderm to fuse with the
maternal epithelial cells, their granular contents are released into the maternal circulation
(Wooding and Wathes, 1980; Piechotta et al., 2011; Figure 1.1). At this time,
determination of pregnancy status of the female can be verified by PAG concentrations.
Pregnancy-associated glycoproteins enter into maternal circulation around d 22 to 24, but
the earliest and most reliable pregnancy diagnosis can be made on d 28, and the
production of PAGs continue throughout gestation (Pohler et al., 2016).

The first radioimmunoassay to provide a serological method of pregnancy
detection in bovine was created in 1986 measuring PSPB (Sasser et al., 1986). Since the
development of the original PAG test, other commercial pregnancy tests have been
created. There are four different tests currently on the market which include, 1)
BioPRYN (BioTracking LLC.), 2) DG29 Pregnancy Test (Genex Cooperative Inc.), 3)
IDEXX Alertys Ruminant Pregnancy Test, and 4) IDEXX Rapid Visual Pregnancy Test
(IDEXX Laboratories Inc.). These commercial PAG tests are 95 to 99 percent accurate
for true positive readings with only a 1 to 5 percent false positive rate compared to
transrectal ultrasonography (Pohler et al., 2016). A PAG blood test costs about 3 to 5
dollars per female and takes up to 4 d (depending on location and if nearby vet clinic

services PAG testing) to get results back from the lab (excluding rapid visual, which only
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takes 30 minutes) once they are sent off (Pohler et al., 2016). Currently these tests only
determine whether a female is pregnant or not pregnant. An advantage of this method is it
does not have the physical demands on the body that transrectal palpation or transrectal
ultrasonography does.

Caution does have to be used when using a PAG blood test due to the long half-
life of PAGs in the blood postpartum, which ranges from 80 to 100 d (Green et al., 2005;
Northrop et al., 2019). If the pregnancy blood test is performed within 80 to 100 d after
calving, the producer should be aware that the results may give a false positive, so if

possible, testing outside of that 100-d window is preferred.

Transrectal Ultrasonography

Transrectal ultrasonography is considered the gold standard for pregnancy
detection. Unlike palpation, transrectal ultrasonography allows the user to see what they
would be feeling inside the animal instead of just making a judgement call based off of
feel. According to Ginther (1986), transrectal ultrasonography has been a revolutionary
research tool in the field of reproductive biology. Ultrasonography allows for real-time
visualization of internal structures that are otherwise difficult to evaluate. High-frequency
soundwaves, produced by vibrations of piezoelectric crystals in the ultrasound transducer,
are utilized in order to produce images of tissues and internal organs (Griffin and Ginther,
1992). Fluids do not reflect sound waves, so images containing follicles, embryonic
vesicles, and the bladder are seen as black on the screen. Dense tissues, such as bone

appear to be a white or light gray color on the screen, because they are the most
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echogenic. Soft tissues and parts of the reproductive tract appear on the screen as shades
of gray. It takes a skilled eye to determine what structures are being visualized.

The first reports of transrectal ultrasonography used in bovine appeared in 1984,
and between years 1985 to 1990 the first reproductive biology manuscripts using
transrectal ultrasonography appeared in the Journal of Animal Science (Griffin and
Ginther, 1992). This technology has extensively increased our knowledge in both the
research and production world. Transrectal ultrasonography aids in the selection of
animals to be kept in the breeding herd, increasing the likelihood of reproductive success,
by identifying cyclicity status of animals through observation of dominant follicles and/or
corpora lutea (Perry and Cushman, 2016). Not only does this technology determine
whether or not a female is pregnant, but it can also determine fetal age, sex, number of
fetuses, and if they are still alive, via visualization of a fetal heartbeat, throughout
pregnancy (Griffin and Ginther, 1992; Perry and Cushman, 2016). According to Perry
and Cushman (2016), one of the biggest benefits to ultrasonography over other
techniques is the capability to determine embryo viability and the status of the developing
fetus. Accurate determination of pregnancy status can be made as early as d 26 post-
insemination; however, there is a high incidence of pregnancy loss among early
pregnancies (Kastelic et al., 1991; Perry and Cushman, 2016), thus it is important to
confirm pregnancy is maintained later in gestation.

The downfall to transrectal ultrasonography is the wear and tear on the
technician’s body and it requires technical skills to make an accurate conclusion.
Ultrasound equipment also costs within the range of $7,000 to $14,000 (Gunn and Hall,

2018). The reliability of using a transrectal ultrasound depends on the ability of the
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operator to be able to recognize structures and organs shown on the screen (Zemjanis,
1962). It also requires expensive equipment, acute observational skills, and proper
utilization of the ultrasound. Transrectal ultrasonography can be more time consuming to
ultrasound than a blood sample, but results are in real time. This technology allows
producers to increase their scope of knowledge and make better management decisions.
Transrectal ultrasonography will not be going anywhere in the foreseeable future, as it
will continue to have a large role in the success of reproductive management within cattle

herds (Perry and Cushman, 2016).

CONCLUSIONS

Early pregnancy detection methods (palpation, 1SGs, progesterone, PAGs, and
transrectal ultrasonography) provide accurate methods for the detection of pregnancy and
aid the study of late embryonic/early fetal mortality in cattle (Santos et al., 2009). The
majority of embryo mortality occurs before d 16 of gestation (Diskin and Morris, 2008),
but late embryonic losses in cattle, although not as numerous, have a greater economic
impact on producers, because it often is too late to rebreed those females (Diskin and
Morris, 2008). A pregnancy detection method should be used that can detect pregnancy
status as early as possible and also, be used later in gestation to ensure the pregnancy is
still being maintained. Wiltbank et al. (2016), suggested that there are two primary goals
during early pregnancy: first, to initiate, establish and preserve a healthy pregnancy; and
second, when the first does not work, reinitiate the procedure to allow for another chance

for pregnancy at the earliest time possible. The subsequent chapters will contribute to



existing research and advance the possibilities of recently developed commercial

pregnancy detection methods via pregnancy-associated glycoproteins.
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Figure 1.1. Binucleate giant cell (BNGC) migration. Reprinted from Pathways to
Pregnancy and Parturition, 3rd Ed. from Current Conceptions, Inc. Senger (2003).
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CHAPTER 2
USE OF PREGNANCY-ASSOCIATED GLYCOPROTEINS TO DETERMINE FETAL
AGE THROUGHOUT GESTATION AND CLEARANCE RATE IN POSTPARTUM

BEEF CATTLE

ABSTRACT

Blood pregnancy-associated glycoproteins (PAGs) pregnancy tests are gaining in
popularity due to their ease of use and the unique feature of not requiring equipment or
special training. A downside to blood pregnancy tests is they only provide an answer as
to whether an animal is pregnant or nonpregnant. In addition, PAGs have a long half-life
(80 to 100 d) in the maternal blood supply. Therefore, the objectives of these studies were
to determine whether a commercially available blood pregnancy test could be modified to
detect differences in PAG concentrations to determine stage of pregnancy in cattle and to
determine factors that impact clearance of PAGs in postpartum beef females. Previously
identified pregnant females from six different herds and postpartum females from one
herd were utilized. Blood samples were collected (n = 1,753; study 1) between d 28 and
285 of gestation and (primiparous n = 418 and multiparous n = 657; study 2) once a week
for up to 12 weeks after calving. Serum was tested in duplicate using a commercially
available blood pregnancy test, IDEXX Alertys Pregnancy Test. In study 1, procedures
were adapted to allow PAG concentrations to fall within the detectible range of the assay.
Data were analyzed using the MIXED procedure of SAS with parity and gestational age
(also divided into four gestational age groups: 1) < 30 d; 2) 30-90 d; 3) 91-180 d; 4) >
180 d) in the model and then analyzed further using the REG procedure in SAS within

gestational age group. In study 2, data were analyzed as repeated measure using the
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MIXED procedure of SAS with parity, days postpartum (dpp), and parity by dpp in the
model, then data was analyzed further using the REG procedure in SAS. In study 1, there
was a significant effect of gestational age and a parity by gestational age interaction (P <
0.01) as well as a tendency of parity (P = 0.08). Among nulliparous and multiparous
females, serum PAG concentrations did not differ between gestational age groups 1 and 2
(P > 0.84), however, PAG concentrations differed between groups 2 and 3 (P < 0.0001)
and 3 and 4 (P < 0.0001). There was a positive correlation between gestational age and
PAG concentrations (P < 0.01; r?= 0.2604). In study 2, there was a significant effect of
dpp (P <0.01) on PAG concentrations; however, PAG concentrations were not
influenced by parity (P = 0.73) or parity by dpp (P = 0.55). Concentrations of PAGs
rapidly decreased from d 0 to 50 postpartum and then continued to gradually decrease (P
< 0.01; r> = 0.8083). Prior to 42 dpp, PAG concentrations were sufficiently elevated
which resulted in false positive readings. In conclusion, PAG concentrations using this
modified pregnancy test would not make a reliable marker for gestational age due to high
variability. Additionally, residual PAGs decreased to undetectable concentrations after 42

dpp in most females; thus, minimizing the likelihood of false positives.

INTRODUCTION

In order to be more profitable and have a complete and successful reproductive
management program, pregnancy diagnosis within an operation is not only important, but
necessary (Oltenacu et al., 1990). Fertilization occurs greater than 90% of the time
following insemination of beef cows that have been detected in estrus, but calving rates

to a single insemination are usually only about 55% (Diskin and Sreenan, 1980), so
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without an accurate pregnancy detection method an operation will miss out on both
monetary and management decisions. Transrectal ultrasonography is considered the gold-
standard for pregnancy detection, but it is costly and requires a skilled technician (Perry
and Cushman, 2016). An alternative method to determine pregnancy is with blood tests
utilizing pregnancy-associated glycoproteins (PAGs; Sasser et al., 1986; Humblot et al.,
1988; Zoli et al., 1992; Mialon et al., 1993). These glycoproteins can be detected in the
maternal bloodstream as early day 22 to 24 of gestation (Pohler et al., 2013), and are
extremely accurate with a 95 to 99% true positive rate and a 1 to 5% false positive rate
compared to transrectal ultrasonography (Pohler et al., 2016). Blood pregnancy tests are
also increasing in popularity due to ease of use and the unique feature of not requiring
costly equipment or special training.

Pregnancy-associated glycoproteins are synthesized by binucleate giant cells
(BNGCs) of the trophectoderm in the ruminant placenta (Wooding, 1992). Binucleate
giant cells then migrate to fuse with maternal uterine epithelial cells where the granular
content within the BNGC is released into the maternal circulation. Once the granular
content is released in the maternal circulation, PAGs can be measured in either milk or
blood samples to determine pregnancy status (Sousa et al., 2006; Ricci et al., 2015).

A downside to blood pregnancy tests is they do not provide any additional results
such as fetal age. Pregnancy-associated glycoproteins do steadily increase throughout
gestation, are elevated at time of parturition, and then decrease after parturition (Sasser et
al., 1986; Zoli et al., 1992; Green et al., 2005). They also have a long-half life in the
blood of postpartum females which ranges from 80 to 100 d before they become

undetectable in the maternal blood supply (Zoli et al., 1992; Kiracofe et al., 1993).
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Because PAGs peak at parturition and have a long half-life, residual concentrations can
still exist in both primiparous and multiparous animals at the start of the subsequent
breeding season. Thus, when trying to use PAG concentrations as a marker for early
pregnancy diagnosis these residual concentrations can impact the results. Therefore, the
objectives of these studies were to 1) determine if a commercially available blood
pregnancy test could be modified to detect differences in PAG concentrations to indicate
stage of pregnancy or fetal age and 2) determine factors that impact clearance of PAGs in

postpartum beef females.

MATERIALS AND METHODS

All procedures were approved by the South Dakota State University Institutional Animal

Care and Use Committee.

Experimental Design

In study 1, blood samples (n = 1,753) were collected from Bos taurus, Angus and
Angus-cross, beef females previously identified as pregnant via transrectal
ultrasonography from four herds in South Dakota.

In study 2, Angus and Angus-cross postpartum females (n = 114; primiparous n =
48 and multiparous n = 66) from one of the previously mentioned herds were utilized.
Animals were managed similarly in two groups; however, females were in separate

pastures based on sex of calf. Blood samples were collected once a week for up to 12
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weeks post calving (range of first and last sample was 1-7 to 84-91 days postpartum;

dpp).

Blood Sampling

In study 1, blood samples were only collected in females identified as pregnant by
transrectal ultrasonography. In study 2, blood samples were only collected in females
who had calved. Blood samples were collected by venipuncture of either the tail or
jugular vein into 10-mL Vacutainer tubes (Becton, Dickinson and Company, Franklin
Lakes, NJ) and stored at room temperature (20 °C) for approximately two hours until
centrifuged. Samples were centrifuged at 2,000 x g for 30 min, serum was collected and

stored at -20 °C until PAG assays were conducted.

Bovine Pregnancy Tests

Each serum sample was examined in duplicate using a commercially available
blood pregnancy test, IDEXX Alertys Ruminant Pregnancy Test (IDEXX, Westbrook,
ME).

In study 1, since all females were pregnant, PAG concentrations surpassed the
maximum linear threshold of the IDEXX Alertys Ruminant Pregnancy Test assay. Thus,
procedures were adapted to allow PAG concentrations to fall within the linear detectable
range of the assay. All reagents were brought to room temperature. Sample diluent (25
mL) was dispensed into every well that a sample would be added to. Samples (8 uL) were
then pipetted in duplicate into the appropriate wells. Plates were gently tapped on the

counter to mix and then tightly covered and incubated for 60 min at 37 °C. Post
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incubation, solution was removed, and each well was washed 3 times with 300 pL of
Wash Solution using a BioTek ELx50 plate washer. Plates were not allowed to dry out
between washing or prior to the addition of the next reagent. Absorbent material was
used after the final wash to remove any residual wash fluid. Detector Solution (100 pL)
was added to each well, plates were covered, and incubated for 30 min at 37 °C. Plates
were washed as previously described, and then 100 pL of Conjugate Solution was added
to each well. Plates were again covered and incubated for 30 mins at 37 °C. Plates were
washed as previously described, 100 puL of tetramethylbenzidine (TMB) substrate was
added to each well, and plates were covered and incubated for 15 min at 37 °C. After
incubation Stop Solution (100 pL) was pipetted into each well. Optical density was
measured at Absorbance of 450 nm and 650 nm using a Molecular Devices SpectraMax
190 microtiter plate reader (San Jose, California) and recorded. In study 2, all samples

were analyzed according to the manufacturer’s instructions with 100 puL of sample used.

Statistical Analysis

In study 1, blood samples were grouped by parity (nulliparous and multiparous)
and were also grouped into 4 gestational age groups (group 1: <30 d, group 2: 30- 90 d,
group 3: 91- 180 d, and group 4: >180 d) to further statistically analyze the data. Groups
were established where a natural break in gestational age occurred. Serum PAG
concentrations were analyzed using the MIXED procedure of SAS with parity and
gestational age in the model. Correlations between PAG concentrations and gestational

age were analyzed using the REG procedure in SAS.
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In study 2, samples were grouped by week of collection and PAG concentrations
were analyzed as a repeated measure using the MIXED procedure of SAS (9.4) with
parity, days postpartum (dpp), and parity by dpp in the model. Since there was no effect
(P > 0.10) of parity, effect of dpp on PAG concentrations were analyzed using the REG
procedure in SAS. Statistical significance was determined at a P < 0.05 and a tendency at

0.05 < P <0.10 for analysis.

RESULTS

Study 1

There was a significant impact of gestational age on PAG concentrations among
pregnant females. Pregnancy-associated glycoproteins had a linear increase in both
nulliparous and multiparous animals as gestational age increased (P < 0.01); however,
there was a weak correlation (r> = 0.3009; Figure 2.1). There was an interaction between
parity and gestational day (P < 0.05), so blood samples were divided into gestational age
groups by trimester to further analyze the data. Concentrations of PAGs had a linear
increase in both nulliparous and multiparous animals as gestational age group increased
(P < 0.01); however, there was a weak correlation (r?> = 0.2604) to gestational age (Figure
2.2). Among animals, there was no difference in PAG concentrations between groups 1 to
2 (P =0.84), but there was an increase between groups 2 to 3 (P < 0.0001) and then a
further increase between groups 3 to 4 (P < 0.0001; Figure 2.3.A). A comparison of age
by group was made between nulliparous and multiparous females (Figure 2.3.B). Among
nulliparous females there was a linear increase from group 1 to 2, group 2 to 3, and then

further from group 3 to 4 (P < 0.0001; Figure 2.3.B). Among multiparous females there
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was no difference between group 1 and 3, but there was a decrease, between group 1 to 2,
then an increase from group 2 to 3, and a further increase from 3 to 4 (P < 0.0001; Figure
2.3.B). Between nulliparous and multiparous females there was a tendency between
group 1 (P =0.06) and a difference between groups 2, 3, and 4 (P < 0.0001; Figure

2.3.B).

Study 2

There were no differences detected in PAG concentrations between primiparous
and multiparous females (parity; P = 0.73) and parity by dpp (P = 0.55). There was,
however, a significant effect of dpp on PAG concentrations in postpartum females (P <
0.01). There was a linear decrease in PAG concentration from day 0 (calving) to
approximately day 40 postpartum; as dpp increased, PAG concentrations decreased
before plateauing from approximately 40 to 100 dpp (Figure 2.4; P < 0.01). Days
postpartum accounted for 67.08% of the variation in PAG concentrations. Females were
further separated into 7-d interval groups based on dpp for further analysis; dpp were
grouped in blocks of 7 days from 0 to 84 dpp (Figure 2.5). There was a linear decrease
from 0 to 50 dpp and then PAG concentrations plateaued from 50 to 84 dpp (Figure 2.5).
There was again a strong correlation between dpp group and PAG concentrations,
accounting for 67.48% of the variance (Figure 2.5). Since PAGs plateaued from 50 dpp
onward further statistical analysis was performed to determine the clearance from 0
(calving) to 50 dpp (Figure 2.6). Analysis of females when separated into 7-d interval
groups was also made from 0 to 50 dpp (Figure 2.7). Elimination of the samples when

they begin to plateau allowed for a stronger correlation between PAG concentrations and
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dpp, accounting for 81.73% and 80.83% of the variance (Figure 2.6 and 2.7, respectively;
P < 0.01). When determining average PAG concentrations of samples broken down into
7 d intervals through day 84, clearance occurred by 42 dpp (od = 0.26 £ 0.036; Figure
2.8.A). Animals are considered pregnant when optical density (od) were > 0.3. There was
no significant difference between multiparous and primiparous females determining the

clearance of PAGs with the IDEXX Alertys Ruminant Pregnancy Test (P = 0.55).
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PAG Concentrations by Gestational Day
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Figure 2.1. Regression analysis of gestational age on circulating concentrations of
pregnancy-associated glycoproteins (PAG) in nulliparous and multiparous animals. Each
circle indicates an individual sample. The solid line is the calculated regression line, the
blue shaded area is the 95% confidence interval, and the dashed line is the 95%
prediction limit. Gestational age 30 and greater (P < 0.01; r>= 0.3009).
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PAG Concentrations by Gestational Group
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Figure 2.2. Increase of pregnancy-associated glycoproteins (PAG) concentrations among
four different gestational groups (1) <30 d; 2) 30-90 d; 3) 91-180 d; 4) > 180 d) in
nulliparous and multiparous animals. Regression analysis of gestational age group on
circulating concentrations of PAG. Each circle indicates an individual sample. The solid
line is the calculated regression line, the blue shaded area is the 95% confidence interval,
and the dashed line is the 95% prediction limit (P < 0.01; r>=0.2604).
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Figure 2.3. Effect of Group (A) and Parity by Group (B) Interaction on PAG
Concentrations. Mean (+ SEM) serum pregnancy-associated glycoprotein (PAG) among
four different gestational groups (1) <30 d; 2) 30-90 d; 3) 91-180 d; 4) >180 d) of
nulliparous and multiparous females in figure A. Figure B, age represents nulliparous
(dashed line) and multiparous (solid line). Different superscripts a-c not sharing the same
superscripts differ (P < 0.01). Different superscripts d-g differ between groups within age
not sharing the same superscript (P < 0.01). Different superscripts H, I represent values
between age within group not sharing the same superscript differ (P < 0.01). Superscript *

represents values tended to differ between gestational group (P = 0.06).
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Postpartum PAG Concentrations by Days Postpartum
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Figure 2.4. Regression analysis of days postpartum (dpp) on circulating concentrations of
pregnancy-associated glycoproteins (PAG) in postpartum primiparous and multiparous
beef cattle. Each circle indicates an individual sample. The solid line is the calculated
regression line, the blue shaded area is the 95% confidence interval, and the dashed line
is the 95% prediction limit (P < 0.01; r> = 0.6708).
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Postpartum PAG Concentrations by Group
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Figure 2.5. Regression analysis of group (7-day intervals) on circulating concentrations
of pregnancy-associated glycoproteins (PAG) in postpartum primiparous and multiparous
beef cattle. Each circle indicates an individual sample. The solid line is the calculated
regression line, the blue shaded area is the 95% confidence interval, and the dashed line
is the 95% prediction limit (P < 0.01; r?= 0.6748).
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Postpartum PAG Concentrations by Days Postpartum through d 50
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Figure 2.6. Regression analysis of days postpartum (dpp) on circulating concentrations of
pregnancy-associated glycoproteins (PAG) in postpartum primiparous and multiparous
beef cattle through d 50. Each circle indicates an individual sample. The solid line is the
calculated regression line, the blue shaded area is the 95% confidence interval, and the
dashed line is the 95% prediction limit (P < 0.01; r> = 0.8173).
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Postpartum PAG Concentrations by Group through d 50
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Figure 2.7. Regression analysis of group (7-day intervals) on circulating concentrations
of pregnancy-associated glycoproteins (PAG) in postpartum primiparous and multiparous
beef cattle through d 50. Each circle indicates an individual sample. The solid line is the
calculated regression line, the blue shaded area is the 95% confidence interval, and the
dashed line is the 95% prediction limit (P < 0.01; r?= 0.8083).
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Figure 2.8. Overall clearance of PAG concentrations in postpartum beef cattle (A) and
overall comparison between parity (B). Mean (+ SEM) serum pregnancy-associated
glycoprotein (PAG) concentration levels among postpartum beef females (A). PAG
concentration levels fall below the undetectable range by 42 dpp (optical density (od) =
0.2636; A). Different superscripts a-h not sharing the same superscripts differ (P <0.01;
A). Superscript * represents values tended to differ (P = 0.08; A). In multiparous and
primiparous beef females there is no significant difference found postpartum (P = 0.55;
B).
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DISCUSSION

To be enticing for producers to implement blood pregnancy testing into their
program, the method should accurately identify both pregnant and non-pregnant females
(Romano and Larson, 2010). Pregnancy-associated glycoprotein blood pregnancy tests
provide an alternative to transrectal ultrasonography for determining whether females in
the herd are pregnant or non-pregnant. Determining other possible capabilities of this test

would make it more competitive compared to a transrectal ultrasonography.

Study 1

The present study agreed with findings from Zoli et al. (1992) who reported an
increase of PAG concentrations with increasing gestational age, but concentrations also
tended (P = 0.08) to be different due to parity. This makes defining a cutoff for different
gestational ages difficult. When data was analyzed age by group nulliparous PAG
concentrations were greater than multiparous females. Also, nulliparous females had a
positive linear increase, while multiparous females decreased from group 1 to 2 and
increased from group 2 to 3 and then further increased from group 3 to 4. We
hypothesized nulliparous females have greater PAG concentrations than multiparous
females due to decreased body weight, meaning PAGs are not diluted as much in
nulliparous females. Also, nulliparous females are not lactating, while multiparous
females are lactating and peak lactation occurs during gestational group 2, which could
also cause a greater dilution of PAGs in multiparous females. Lobago et al. (2009) found
nulliparous females had greater PAG concentrations than multiparous females (19.9 £ 1.5

ng/mL and 14.0 + 1.3 ng/mL, respectively) and females having smaller average body
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weights (< 275 kg) had greater PAG concentrations than females with larger average
body weights (> 315 kg; 19.2 £ 1.3 and 11.2 + 1.5, respectively). Nulliparous females
have a tendency to have smaller body weights than multiparous females since they have
not reached their mature body weight yet (Short et al., 1994), thus the study by Lobago et
al. (2009) supports the hypothesis that nulliparous females have greater PAG
concentrations than multiparous females due to body weight.

Sasser et al. (1986) discovered if pregnancy specific protein B (specific type of
PAG) values are below 5 ng/mL in the serum then it would suggest that the fetal age
would be less than 80 days, but if it is above 10 ng/mL the fetus would be greater than 80
days. Pregnant females were grouped into gestational groups by trimester in order to
determine PAG concentration levels for specific gestational age groups (30, 90, 180, 285
dpp). Unlike Sasser et al. (1986), this study could not determine a specific value to
distinguish a fetal age. There was a weak correlation found between day and group (r’=
0.3009 and 0.2604, respectively), indicating that factors other than gestational age had a
bigger effect on concentrations, thus making this modified test difficult to use PAG
concentrations to determine gestational age. Thus, the use of the IDEXX Alertys
Ruminant Pregnancy Test, RPT, is not effective at determining fetal age. Transrectal
ultrasonography remains the most optimal tool to determine age of the fetus, but with
further modifications and research commercial blood pregnancy tests may be a

comparable alternative.
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Study 2

Commercial PAG tests have a 1 to 5% false positive rate compared to transrectal
ultrasonography (Pohler et al., 2016). These false positives could be due to residual PAG
concentrations from the previous pregnancy. Pregnancy-associated glycoproteins
increased in female beef cattle throughout gestation (study 1), peak around time of
parturition, and then decreased until they become undetectable. The cause for the peak of
PAG concentrations around time of parturition is unknown (Sasser et al., 1986), but these
elevated concentrations and the fact that PAGs have a long half-life in circulation (Zoli et
al., 1992; Kiracofe et al., 1993) could lead to these false positive results when using
PAGs as a pregnancy test.

Due to these residual concentrations of PAGs after parturition blood pregnancy
tests need to have enough time elapsed between parturition and pregnancy test to
accurately determine pregnancy status. Previous research suggests that PAG pregnancy
blood tests should not be utilized until 91 to 120 dpp (Zoli et al., 1992; Mialon et al.,
1993). Specifically Zoli et al. (1992) used boPAG67kDa, which is a PAG part of the
boPAG-1 group that is detected in the maternal bloodstream on 28 through 100 dpp
(Sousa et al., 2006). Others found that PAG pregnancy tests should not be performed
until 70 to 90 dpp or later (Kiracofe et al., 1993; Szenci et al., 1998; Sousa et al., 2003).
However, after 80 dpp, Kiracofe et al. (1993), found PAG concentrations were < 1
ng/mL, which indicates PAGs from the previous pregnancy would not produce a false
positive result. The differences in these studies could be due to the different PAGs that
were detected in each study. This study using a commercially available assay found that

tests could be performed as early as 42 dpp without resulting in false positives.
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Differences in the clearance of PAGs could be related to different breeds of cattle
and/or the specific PAGs that were being detected. Pregnancy-associated glycoproteins
can be expressed at different times throughout gestation, some are expressed earlier,
while others are expressed when the pregnancy advances (Sousa et al., 2006). For
example, Ruder and Sasser (1986), found that bovine pregnancy-specific protein B
(bPSPB) remained in the circulation of cows for approximately 56 to 63 dpp. A study by
Szenci et al. (1998), found that bPSPB and bPAG tests had 56.7% and 44.9%,
respectively, false positives due to them being utilized too early (within 70 dpp).
According to Ruder and Sasser (1986), bPSPB has a very slow disappearance rate
postpartum; leading Kiracofe et al. (1993) to believe bPSPB in the maternal epithelium
may be caused by a prolonged disappearance rate of migratory cells. The test used in this
study, IDEXX Alertys Ruminant Pregnancy Test, uses polyclonal antibodies, which
measures multiple PAGs throughout gestation. The antibody implemented in this assay is
directed towards a collection of PAGs (e.g. PAGs 4, 6, 9, 16, 18, 19; described in US
Patent no. 7,604,950B2; Ketchum, 2020). Specifically, PAGs 4, 9, and 6 are secreted
from d 25 (PAG 4 and 9) and d 45 (PAG 6) through to d 250 of gestation (Green et al.,
2000).

Different breed types may also have a role in the clearance of PAG. Mialon et al.
(1993) found pregnancy serum protein of M60kDa (PSP60) in the maternal blood
postpartum had different residual concentrations (105, 87, and 85 dpp) in Charolais,
Holstein, and Normande breeds respectively. It was concluded by Mialon et al. (1993)
Charolais tend to have elevated residual concentrations due to Charolais having calves

with heavier birth weights (BW) than Normande and Holstein breeds, therefore causing
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an extended clearance compared to the two other breeds. It has been reported that PAG
concentrations were decreased at time of parturition in Azawak Zebu (1,095.6 ng/mL)
compared to Bos taurus cattle (1,352.8 to 1,462.4 ng/mL), but Zebu have a longer
clearance rate (14 weeks) than Taurine cattle (12 weeks; Kiracofe et al., 1993; Patel et al.,
1997; Sousa et al., 2003). Regardless of varying clearance of specific PAGs developed
from previous research, PAGs still follow the same pattern from this study of decreasing
rapidly and then gradually decreasing until becoming undetectable. In a study performed
on Azawak Zebu, Bos indicus cattle, it was found that two weeks post calving PAG
concentration had decreased significantly, but then decreased slowly until week 10 where
they reached their lowest concentrations, which is similar to what has been reported in
Bos taurus females (Sousa et al., 2003). This study, using Bos taurus primiparous and
multiparous females, had similar results with a rapid decrease from day 0 to 40 and then a
slow decrease from day 40 to 100. Concentrations reached a level in which an animal
would not be called pregnant around 42 dpp. It was hypothesized that primiparous
animals would take longer to reach baseline concentrations since they began at greater
concentrations, however, parity not influencing clearance rate agrees with Kiracofe et al.
(1993).

Mialon et al. (1993) concluded that PAG tests should be utilized around day 27
post-artificial insemination (Al) and not before 91 to 105 dpp. Haugejorden et al. (2006)
discovered that a PAG early pregnancy test could be performed by d 28 post-Al if
animals were > 60 days post calving. The reason for waiting to breed a female post
calving is because the following must occur first in order to gain greater conception rates:

uterine involution, endometrium regeneration, regular ovarian cyclic activity and removal
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of bacterial contamination (Short et al., 1990; Sheldon, 2004). Kiracofe (1980) suggested
within 21 dpp a female is not fertile, by d 35 to 42 post-partum there is a chance of
fertility. This is confirmed with animals bred between 0 and 30 dpp having conception
rates of only 33%, but when animals were bred between 31 and 60 dpp there was an
increase in conception rates to 58% (Casida et al., 1968; Wiltbank, 1970). Thus, it is
unlikely to breed cattle earlier than 30 dpp, and it is recommended to wait until at least 30
dpp to allow for uterine involution to occur. If this recommendation is followed and
pregnancy determination occurs at day 28 post-Al that would mean detection occurs at 58
dpp and any residual PAGs from the previous pregnancy would be below the pregnancy
detection level.

In conclusion, PAG concentrations did increase with gestational age. However,
with the variability in concentrations it is difficult to use, PAG as a marker for fetal age.
Concentrations of PAGs decreased rapidly for the first 3 weeks after parturition and after
42 dpp concentrations fell below the concentrations for pregnancy detection. Thus, more
confidence can be gained from the results received from a PAG blood pregnancy test

when it is performed at least 42 days after parturition.
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CHAPTER 3
COMPARISON OF LATERAL FLOW TO OTHER PREGNANCY
DETERMINATION METHODS IN ORDER TO DETERMINE ACCURACY OF

PREGNANCY STATUS IN BEEF CATTLE PRE AND POSTPARTUM

ABSTRACT

Transrectal ultrasonography is known as the gold standard for pregnancy
detection but requires costly equipment and technical skill. Pregnancy detection by use of
pregnancy-associated glycoproteins (PAGs) has the ability to accurately determine
pregnancy in ruminants, and recently a new lateral flow test (Alertys OnFarm Pregnancy
Test) that does not require special equipment has become commercially available. The
objective of this study was to compare the accuracy of multiple PAG tests to transrectal
ultrasonography, and to determine how many days postpartum (dpp) is necessary for the
clearance of PAGs from the previous pregnancy to avoid false positives when utilizing
the lateral flow test. Blood samples were collected from six different Bos taurus herds
between day 27 and 285 of gestation (nulliparous n = 1,205 and multiparous n = 1,539).
Blood samples to determine PAG clearance interval were collected weekly postpartum
for up to 12 weeks (primiparous n = 418 and multiparous n = 657). Serum was tested
using the lateral flow test and were read by two technicians who were blind to pregnancy
status. Level of agreement between the tests were determined by Pearson’s correlation
coefficients and Kappa scores. The MIXED procedure of SAS was used to evaluate the
effect of dpp and parity (primiparous or multiparous) on postpartum test results. There
was a positive correlation between transrectal ultrasonography and the lateral flow test

(r?=0.71; P < 0.01), and agreement between the two tests was good (Kappa = 0.84). Of
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the animals that were diagnosed nonpregnant by transrectal ultrasonography, 5.61% were
called pregnant by the lateral flow test. Of the animals diagnosed pregnant by transrectal
ultrasonography, 2.00% were called not pregnant by the lateral flow test. Thus, a 92.38%
agreement occurred between the two methods. For postpartum samples, there was no
effect (P = 0.21) of parity, but there was an effect of dpp (P < 0.01) and a tendency for a
dpp by parity interaction (P = 0.06). All animals were still considered pregnant from the
previous pregnancy through 35 dpp (100 + 2.58%). The percentage of females receiving
a false positive test result further decreased with time postpartum, by 77 dpp there were
13.72 + 3.16% of the females positive for pregnancy and at 84 dpp there were 4.11 +
4.39% positive for pregnancy detection. In conclusion, there is very good agreement
between transrectal ultrasonography and the lateral flow PAG test, but if the test is used
at less than 40 dpp the likelihood of false positive result is extremely likely. Thus, the test

should be utilized at least 42 dpp to prevent gaining false positive results.

INTRODUCTION

Within a beef operation, there are reproductive management strategies which can
be implemented to increase the success of the breeding season: insemination of all cows
towards the beginning of breeding season, detection of all nonpregnant cows as early as
possible, and rebreed those nonpregnant females as soon as possible (B0 et al., 2016). In
the United States, within large (> 200 cows) and small operations (< 50 cows) there are
21.9% and 69.6%, respectively, who do not use any type of reproductive technology,
which include artificial insemination, breeding soundness exam, pregnancy detection,
body condition scoring to name a few (USDA, 2017). Time and labor were the most cited

reasons for not implementing reproductive technologies within an operation (USDA,
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2017). In order to increase the percentage of operations that utilize a pregnancy detection
method and improve in their reproductive management strategies, the method needs to be
accurate and easy to use.

Annual cost (feed, fuel, and labor) to maintain a female ranges from $380 to $900
per head (USDA, 2009; Gray et al., 2012), so without early pregnancy detection
monetary and management decision could be lost if particular females are not pregnant.
Transrectal ultrasonography has become the gold standard for pregnancy detection, as it
can accurately determine pregnancy status as early as d 26 post-insemination (Curran et
al., 1986). There are however, high incidences of pregnancy losses that occur after d 25
of pregnancy (Kastelic et al., 1991; Perry and Cushman, 2016), so determination later in
gestation is beneficial to confirm pregnancy is maintained. Even though transrectal
ultrasonography can determine pregnancy early in gestation it requires specialized
training, is physically demanding, and is costly, which can deter the use of this method
(Kastelic et al., 1991; Perry and Cushman, 2016).

Determining presence of pregnancy-associated glycoproteins is another
pregnancy detection method that has increased in popularity because it is easy to perform
and is highly accurate (95 to 99%) with only a 1 to 5% false positive rate (Pohler et al.,
2016) compared to transrectal ultrasonography. Pregnancy-associated glycoproteins
increase in concentration throughout gestation, peak at parturition, and then decrease
postpartum (Sasser et al., 1986; Zoli et al., 1992; Green et al., 2005). Previous studies
(Zoli et al., 1992; Kiracofe et al., 1993) have reported that PAGs have a long half-life in
circulation; thus, determining the clearance of PAGs is essential to increasing the

accuracy of the test by decreasing false positive rate due to PAG concentrations from the
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previous pregnancy. Previously, a downside to PAG tests have included the time and/or
equipment needed to conduct the assay, which can impact the use or acceptance of this
method. A new method of pregnancy determination using PAGs has become
commercially available (IDEXX Alertys OnFarm Pregnancy Test), which is a chute side
test with results within 20 minutes. Therefore, the objective of this study was to
determine if the IDEXX Alertys OnFarm Pregnancy Test is comparable to other
pregnancy detection methods in accuracy, and to determining when concentrations have

cleared post calving to not result in false positives.

MATERIALS AND METHODS

All procedures were approved by the South Dakota State University Institutional Animal

Care and Use Committee.

Experimental Design
Blood samples from six different Bos taurus herds in the state of South Dakota
were utilized in this study. Pregnancy detection was performed by transrectal

ultrasonography between 30- and 75-days post-insemination in all animals.

Blood Sampling
Blood samples [(nulliparous n = 1,205 and multiparous n = 1,539) and postpartum
n = 1,066] were collected over a three-year period (2018, 2019, and 2020). Postpartum

samples were collected from one group of animals (primiparous n = 48 and multiparous n
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= 66) and were collected once a week for up to 12 weeks post calving (range of first and
last sample was 1-7 to 84-91 days postpartum; dpp). All blood samples were collected
from either the coccygeal or jugular vein into 10-mL Vacutainer tubes (Becton,
Dickinson and Company, Franklin Lakes, NJ) and stored at room temperature (20 °C) for
approximately two hours until centrifuged. Samples were centrifuged at 2,000 x g for 30

min for serum collection and stored at -20 °C until testing.

Ultrasonography

All animals were evaluated for pregnancy by transrectal ultrasonography by a
trained technician with an Ibex EVO ultrasound and linear probe on d 28 following their
first insemination. Pregnancy diagnosis was based on the visualization of a fetus or
absence of one. A final pregnancy diagnosis occurred between 31 and 80 d following the

end of the breeding season to determine if embryonic loss occurred.

IDEXX Alertys OnFarm Pregnancy Test (lateral flow)

Samples were tested using commercially available blood pregnancy tests, IDEXX
Alertys OnFarm Pregnancy Test (IDEXX, Westbrook, ME) according to the
manufacturer’s directions. Briefly, 100 uL of serum or plasma was pipetted into the well
of the lateral flow test followed with 25 pL of chase buffer. After waiting 20 min the tests
were read by the same two technicians that were blind to ultrasonography pregnancy

status. Interpretation of IDEXX Alertys OnFarm Pregnancy Test with one line visible
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indicates the female was not pregnant, while two visible lines means the female was

pregnant at time of blood sample.

IDEXX Alertys Rapid Visual Pregnancy Test (RVPT)

Whole blood samples were collected on d 28 and tested using the commercially
available blood pregnancy tests, IDEXX Alertys Rapid Visual Pregnancy Test (IDEXX,
Westbrook, ME) according to the manufacturer’s directions. Briefly, positive/negative
controls, and whole blood samples were pipetted into coated plates, and plates were
washed and treated with reagents according to the manufacturer’s instructions. Visual
evaluation of the plates based on a numerical scale, established by color intensity were
made upon completion of the procedure by one technician. Color intensity evaluation and
description was according by Northrop et al. (2019). The scoring system included a
yes/no assignment and numerical value from 0 - 3 based on color in comparison to the

controls.

IDEXX Alertys Ruminant Pregnancy test (RPT)

Samples were tested using the commercially available blood pregnancy tests,
IDEXX Alertys Ruminant Pregnancy Test (IDEXX, Westbrook, ME) according to the
manufacturer’s directions. Briefly, controls and blood samples were pipetted in duplicate
into wells of the coated plates, and plates were washed and treated with reagents
according to the manufacturer’s instructions. The results from the RPT were analyzed on

a Molecular Devices SpectraMax 190 microtiter plate reader (San Jose, California).
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Statistical Analysis

Samples were analyzed as a correlation coefficient using the CORR procedure of
SAS (9.4) to assess the agreement between tests: ultrasound, RVPT, RPT and lateral flow
in the model. Since all variables had a significant correlation between tests further
analysis was made using the FREQ procedure in SAS evaluating the frequency between
each one comparatively to each other. The Kappa scoring scale is as follows: 0.80 - 1.00
= Very good, 0.60 - 0.80 = Good, 0.40 - 0.60 = Moderate, 0.20 - 0.40 = Fair, and < 0.20 =
Poor. Statistical significance was considered at P < 0.05 and a tendency at 0.05 <P <

0.10 for analysis.

RESULTS

Agreement based on Kappa scores was very good amongst all tests in the study
(Table 3.1). Additionally, there was a positive correlation among all tests (Table 3.2).

Of the 1,096 animals that were diagnosed nonpregnant by transrectal
ultrasonography, 5.61% were diagnosed pregnant by the lateral flow test. Of the 1,648
animals diagnosed pregnant by transrectal ultrasonography, 2.00% were diagnosed
nonpregnant by the lateral flow test. Thus, an 92.38% agreement occurred between the
two methods (Table 3.3). In comparison the RPVT had a 90.73% agreement and the RPT
had a 92.61% agreement with transrectal ultrasonography (Table 3.3).

Comparisons were also made between the lateral flow test to the two other
IDEXX blood tests to determine accuracies amongst the tests. Of the 816 animals that
were diagnosed nonpregnant by the RVPT, 3.56% were called pregnant by the lateral
flow test, and the 644 animals diagnosed as pregnant by RPVT, 1.37% were called

nonpregnant by the lateral flow test. Thus, a 95.07% agreement occurred between RVPT
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and lateral flow (Table 3.3). Lastly, the 724 animals that were diagnosed as nonpregnant
by RPT, 1.31% were called pregnant by lateral flow test. Of the 1,636 animals diagnosed
as pregnant by RPT, 2.46% were called nonpregnant by the lateral flow test. Thus,
96.22% agreement occurred between RPT and lateral flow test (Table 3.3). Both
qualitative and quantitative measures have been made to compare the differences made
between each of the four pregnancy detection methods discussed in this chapter (Table
3.4).

For postpartum samples utilizing the lateral flow test, there was not a difference
(P =0.21) in parity, but there was an effect of dpp (P < 0.01) and a tendency for a dpp by
parity interaction (P = 0.06). All animals regardless of parity were still considered
pregnant from the previous pregnancy through 35 dpp (100 + 2.58%), whereas by 42 dpp,
98.16 + 2.55% were considered pregnant (Figure 3.1.A). The percentage of females
receiving a false positive test result further decreased with time postpartum. By 77 dpp,
there were 13.72 £ 3.16% of the females positive for pregnancy, and at 84 dpp, there
were 4.11 £ 4.39% positive for pregnancy (Figure 3.1.A). The detection of false positives
rapidly decreased from 42 to 70 dpp then slowly decreased from 70 to 84 dpp (Figure
3.1.A). There was a tendency for a parity by dpp interaction (P = 0.06; Figure 3.1.B).
Between 63 to 77 dpp there was a greater decrease in false positives among primiparous
compared to multiparous animals (at 77 dpp 5.12 + 4.26% and 22.31 * 4.67%;
respectively). At 84 dpp 4.66 = 6.03% of multiparous and 3.56 + 6.38% of primiparous

females were still considered pregnant (Figure 3.2).
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Test Ultrasound RVPT RPT Lateral Flow
Ultrasound 0.8108 0.8344 0.8388
RVPT very good 0.9472 0.9005
RPT very good very good 0.9122
Lateral Flow very good very good very good

Table 3.1. Agreement between Transrectal Ultrasonography (Ultrasound), IDEXX
Alertys Rapid Visual (RVPT), IDEXX Alertys Ruminant Pregnancy test (RPT), and
IDEXX Alertys OnFarm Pregnancy Test (Lateral Flow) to determine accuracy of
pregnancy detection. Values depicted above the diagonal line are the Kappa scores, while
values below the diagonal are the overall agreement of the tests based on the Kappa
score. The Kappa scoring scale is: 0.80 - 1.00 = Very good, 0.60 - 0.80 = Good, 0.40 -

0.60 = Moderate, 0.20 - 0.40 = Fair, and < 0.20 = Poor.
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Test Ultrasound RVPT RPT Lateral Flow
Ultrasound 0.81311 0.83856 0.84126
RVPT <0.0001 0.94739 0.90138
RPT <0.0001 <0.0001 0.91257
Lateral Flow < 0.0001 <0.0001 < 0.0001

Table 3.2. Correlation between Transrectal Ultrasonography (Ultrasound), IDEXX
Alertys Rapid Visual (RVPT), IDEXX Alertys Ruminant Pregnancy test (RPT), and
IDEXX Alertys OnFarm Pregnancy Test (Lateral Flow) to determine accuracy of
pregnancy detection. Values depicted above the diagonal line is the correlation
coefficient of the tests, while values below the diagonal are the P-values of all the tests. A
positive correlation and significant difference were found amongst the tests in

comparison to each other.
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Agreement, False False

Test? % Positive?, % | Negative®, % | Samples, n
Ultrasound*: Lateral 92.38 5.61 2.00 2,744
Flow?®

Ultrasound*:RVPT® 90.73 6.46 2.80 1,533
Ultraound*:RPT’ 92.61 5.91 1.48 2,436
RVPTS:Lateral 95.07 3.56 1.37 1,460
Flow®

RPT’:Lateral Flow® 96.22 1.31 2.46 2,360
RPVTE:RPT’ 97.36 1.80 0.83 1,443

Table 3.3. Agreement between pregnancy detection tests to determine accuracy amongst

tests.

1Comparison between tests first:second

2 False Positive = a result that shows a female is pregnant when she is actually non-

pregnant

3False Negative = a result that shows a female is non-pregnant when she is actually

pregnant

“Ultrasound = transrectal ultrasonography
SLateral Flow = IDEXX Alertys OnFarm Pregnancy Test

SRVPT = IDEXX Alertys Rapid Visual Test
'RPT = IDEXX Alertys Ruminant Pregnancy Test
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First Experienced
Test Pregnancy Technician Cost/Cow Wh&r:}(l;%v\e;aults
Detection Needed?
Ultrasound 30d Yes ~$140 hr Immediately
RVPT 28t030d Yes/No* $4.00 30 min
RPT 28t030d No $3.50 l1to4d
Lateral Flow 28t030d No $7.00 1 to 20 min

Table 3.4. Contrasts between the tests Transrectal Ultrasonography (Ultrasound), IDEXX
Alertys Rapid Visual (RVPT), IDEXX Alertys Ruminant Pregnancy test (RPT), and
IDEXX Alertys OnFarm Pregnancy Test (lateral flow).

*Dependent on equipment available.
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Figure 3.1. False positive percentage of days postpartum (A) and parity (B) on clearance
utilizing the lateral flow test. Postpartum samples were analyzed by the IDEXX Alertys
OnFarm Pregnancy Test, lateral flow, to determine an accurate timeframe to test pregnant
females without getting a false positive test from the residual pregnancy-associated
glycoproteins (PAGs) from the previous pregnancy. There was a significant effect of dpp
(P <0.01; A). All animals were still considered pregnant from the previous pregnancy on
35 dpp (100%; A). Days postpartum by parity tended to be different (P = 0.06; B).

a-f values not sharing the same superscripts differed P < 0.05

*1 values not sharing the same superscripts differed P <0.08

1§ values not sharing the same superscripts differed P < 0.07

# values between multiparous and primiparous between 63 to 77 dpp differed P < 0.05
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DISCUSSION

Currently, there is no method of pregnancy detection that is 100% accurate for
pregnancy determination without being invasive, which makes it difficult to evaluate the
accuracy of a new pregnancy detection method (Romano and Larson, 2010). The most
accurate, non-invasive method currently known as the gold standard, is transrectal
ultrasonography. It has been an ongoing task of trying to find a method that accurately
determines pregnancy status and is also easy and quick to use. IDEXX laboratories have
created a series of blood pregnancy tests, (Alertys Rapid Visual; Alertys Ruminant
Pregnancy Test; and Alertys OnFarm Pregnancy Test), to help producers determine the
pregnancy status of females within their herd. The RVPT and RPT are polyclonal tests,
meaning they detect various PAG members that are secreted, some at different times
throughout gestation, and found in the maternal bloodstream to determine pregnancy
status. The lateral flow test is a monoclonal test, meaning that they use one antibody that
binds to a specific PAG member that is secreted in order to determine the pregnancy
status of the female.

In order for a pregnancy detection test to be beneficial, it must be sensitive,
meaning it is accurate in identifying pregnant females, and specific, meaning it also
accurately identifies females who are nonpregnant. Because transrectal ultrasonography
is known as the gold standard, it was used as a comparative measure to determine the
accuracy of all the IDEXX PAG pregnancy tests.

Epperson et al. (2020) conducted a comparison between RVPT, ultrasonography,
RPT and resynchronization pregnancy diagnosis. Blood samples were taken on d 28 and

the final pregnancy diagnosis was made 31 to 80 d post-second artificial insemination
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(Al2). The kappa statistic scores amongst the comparisons between rapid visual
pregnancy test, ultrasonography, and Alertys ruminant pregnancy test against the final
resynchronization pregnancy diagnosis were very good; 0.90, 0.82, and 0.90,
respectively. In a study completed by Silva et al. (2007), they compared the accuracy of
PAG ELISA to transrectal ultrasonography on d 27 post-Al, d 39 post-Al2, and d 39
post-Al3 (post-third artificial insemination) utilizing dairy cows. This comparison found
the PAG blood pregnancy test to have a kappa statistic score of 0.87 to 0.90, which is
very good, when compared to ultrasonography. Similarly, a study by Romano and Larson
(2010) compared PSPB (pregnancy specific protein B; PAG-1 subgroup) ELISA to
transrectal ultrasonography on d 28, 30, and 35 post-Al. Romano and Larson (2010)
found between d 28 to d 35 PSPB compared to transrectal ultrasonography had a very
good kappa statistic score of 0.93 for accurately detecting pregnancy status. Piechotta et
al. (2011) utilizing dairy cows, compared two ELISA blood pregnancy tests for PSPB
(PAG-1 subgroup) against transrectal ultrasonography between d 26 to 58 post-Al.
Between the two tests there was no significant difference found in comparison to
transrectal ultrasonography. Northrop et al. (2019) also found similar results when
comparing the ruminant pregnancy and rapid visual pregnancy test to transrectal
ultrasonography in beef cows between d 28 to 40 post-Al and found them to have very
good agreement, 0.86 and 0.85 respectively. This study found similar results when
comparing RPVT and RPT to ultrasonography with very good kappa statistic scores (0.81
and 0.83, respectively) and agreement (81.3% and 83.9%, respectively). In validating the
new IDEXX Alertys OnFarm Pregnancy Test compared to ultrasonography, RVPT, and

RPT our lab found it had very good kappa statistic scores (0.84, 0.90, 0.91 respectively)
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and agreement (84.1%, 90.1%, and 91.3%, respectively), which falls in range with the
previous mentioned results from the other studies. The results from this study along with
the previous research validates, blood pregnancy tests RPT and RVPT are highly accurate
to transrectal ultrasonography; since the lateral flow test has a very good kappa score and
agreement amongst all three tests used in this present study, it would make it a great
pregnancy detection alternative.

Although, caution should be used when implementing this pregnancy diagnosis
test to minimize false positives from performing the test too early in gestation (< 70 dpp).
The RPT allows for a diminished rate of false positives at 42 dpp, thus allowing testing to
be made earlier in gestation compared to the lateral flow test evaluation in our laboratory
(Chapter 2). Waiting 30 dpp or more before breeding increases conception rates in beef
females (Casida et al., 1968; Wiltbank, 1970). The utilization of the IDEXX Alertys
Ruminant Pregnancy Test is recommended to be implemented as early as d 28 of
gestation, so the RPT could be conducted at 58 dpp or 28 d post-Al to allow for uterine
involution to occur (Short et al., 1990) and improve accuracy of results. Clearance of
residual PAGs from the previous pregnancy determined by the lateral flow test took
longer than the clearance within the RPT. Also, the clearance of residual PAGs in the
lateral flow test surpassed the length of time needed for uterine involution to occur and
the manufacturers recommended utilization day, d 28 post-Al. Thus, in order to gain the
most accurate results an allotment of 70 dpp or 40 d post-Al should be made before
performing the lateral flow test. This means between the RPT and lateral flow there is at
least a 12 dpp difference if the RPT is utilized on d 28 and the lateral flow is utilized on d

40 of gestation. The RPT uses a polyclonal antibody against several PAGs (e.g. PAGs 4,
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6, 9, 16, 18, 19; described in US Patent no. 7,604,950B2; Ketchum, 2020). Specifically,
PAGs 4, 9, and 6 are secreted from d 25 (PAG 4 and 9) and d 45 (PAG 6) through to d
250 of gestation (Green et al., 2000). The lateral flow test is a monoclonal test where the
exact PAG identified are unknown. Thus, the difference in detection of PAGs between
the two tests may be due to the influence in clearance of different PAGs from circulation.
Performing this test later in gestation when there would be fewer false positives would
detect more embryo loss that occurs during late embryo mortality through d 45 (Diskin
and Morris, 2008), and may improve more management decisions and opportunities.
Implementation of the lateral flow test on postpartum females, may potentially increase
the calving interval compared to the RPT test since pregnancy determination would occur
later in gestation, causing the possibility of rebreeding, if utilizing Al, to be later as well.
In nulliparous females, implementation of this test can occur on d 28 of gestation as the
manufacturer’s instructions State since there are no residual PAGs from a previous
pregnancy.

For practical and research use in the cattle industry, any female that is detected by
a pregnancy detection method as nonpregnant, the female may receive an injection of
prostaglandin-F2., which would cause the CL to regress decreasing progesterone
concentrations and allow for the dominant follicle to increase estrogen concentrations and
estrus to be initiated (Hafs et al., 1974). Females falsely classified as nonpregnant by a
pregnancy detection method may potentially receive a shot of prostaglandin-Fz., which
could cause the female to abort. Thus, producers would have an economic loss from the
loss of a live calf, resynchronization drugs (if chosen to rebred the female), time, and

labor which would range from $550 to $800 lost (De Vries, 2006; Romano and Larson,
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2010). Silva et al. (2007) found the PAG test to have a great negative predicted value
from the three different Al days, d 27 post-Al, d 39 post-Al2, and d 39 post-Al3 (97.1%,
96.9%, 97.7% respectively). This study also found a great negative predictive value
between ultrasound:lateral flow, ultrasound:RVPT, and ultrasound:RPT (98.0%, 97.2%,
and 98.5%, respectively). Having a greater negative predictive value decreases the
likelihood of giving prostaglandin-Fz, to a female who is truly pregnant. On the other
hand, early and accurate pregnancy detection allows for more management decisions to
be made by identifying females who are nonpregnant post breeding. Animals that are
accurately detected as nonpregnant can be rebred or culled earlier to reduce the number
of days a nonpregnant female is cared for which ultimately would result in a reduction of
an operation’s financial losses (Whitlock and Maxwell, 2008).

In conclusion, the utilization of the IDEXX Alertys OnFarm Pregnancy Test,
lateral flow, is a competitive alternative in pregnancy detection compared to the gold
standard transrectal ultrasonography with an 92.38% agreement comparison in
postpartum females. Of the three IDEXX Laboratories tests available, the lateral flow test
is the most user-friendly method. Additionally, it provides the tools necessary for
performing the test included in the kit once the blood has been collected. With the
exception of transrectal ultrasonography where the pregnancy detection results are
immediate, the time required for results from the lateral flow compared to the other two
PAG pregnancy tests is shorter and does not require any specialized training or
equipment. Caution should be used with the utilization of the lateral flow test postpartum
in either primiparous or multiparous females until at least 70 dpp due to the remaining

residual PAGs. Thus, allowing 30 dpp for uterine involution to occur before breeding a
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female then testing females for pregnancy status should be performed at least an

additional 40 dpp (or d 40 of gestation) to decrease the amount of false positive results.
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