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ABSTRACT

Both the sensitivity of an estrus detection system and
the consistency of alarms relative to ovulation deter-
mine its value for a farmer. The objective of this study
was to compare an activity-based system and a milk
progesterone—based system for their ability to detect
estrus reliably, and to investigate how their alerts are
linked to the time of the LH surge preceding ovulation.
The study was conducted on an experimental research
farm in Flanders, Belgium. The activity alerts were
generated by a commercial activity meter (ActoFIT,
DeLaval, Tumba, Sweden), and milk progesterone was
measured using a commercial ELISA kit. Sensitivity
and positive predictive value of both systems were cal-
culated based on 35 estrus periods over 43 d. Blood
samples were taken for determination of the LH surge,
and the intervals between timing of the alerts and the
LH surge were investigated based on their range and
standard deviation (SD). Activity alerts had a sensitiv-
ity of 80% and a positive predictive value of 65.9%.
Alerts were detected from 39 h before until 8 h after the
LH surge (range: 47 h, SD: 16 h). Alerts based on milk
progesterone were obtained from a recently developed
monitoring algorithm using a mathematical model and
synergistic control. All estruses were correctly identi-
fied by this algorithm, and the LH surge followed, on
average, 62 h later. Using the mathematical model,
model-based indicators for the estimation of ovulation
time can be calculated. Depending on which model-
based indicator was used, ranges of 33 to 35 h and
SD of about 11 h were obtained. Because detection of
the LH surge was very labor intensive, only a limited
number of potential estrus periods could be studied.
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Short Communication

Both maximal detection of estrus and timely insemi-
nation are important to improve on-farm fertility per-
formance (Hockey et al., 2010a). Although the latter is
strictly associated with ovulation time, the link between
ovulation time and estrus alerts provided by automated
estrus detection systems is seldom researched due to
the high workload and costs of these studies (Roelofs,
2005). In this study, we examined the sensitivity and
positive predictive value (PPV) of an activity-based
system and a progesterone (P4)-based system (periods
142); subsequently, we investigated their links to the
LH surge preceding ovulation (period 2).

The study was approved by the ethical committee
of KU Leuven (ID P010/2017) and conducted on an
experimental dairy farm in Flanders, Belgium. Twenty-
two regularly cycling Holstein-Friesian cows, aged 3.4
+ 1.2 yr (mean + SD) with parities 1 to 4 and 30 to
293 DIM at the start of the study were included. The
cows were milked with an automated milking system
(VMS, DeLaval, Tumba, Sweden) and fed a mixed ra-
tion of grass and corn silage and supplemented with
concentrates. Over 53 d, a mixed milk sample of each
milking was automatically collected by the sampling
unit (VMX, DeLaval), following the procedure of the
DHI protocol prescribed by ICAR (2014), and stored
at —20°C. At the end of the trial, the certified labo-
ratory MCC-Vlaanderen (Lier, Belgium) determined
the P4 concentration using an ELISA kit (Ridgeway,
Gloucester, UK), the details of which are described in
Adriaens et al. (2017). The P4 concentration of each
sample was also measured automatically on-farm by
the Herd Navigator system (Lattec, DeLaval, Hillerad,
Denmark). This device allowed estimation of the tim-



2 ADRIAENS ETAL.

ing of luteolysis without the need to synchronize the
ovaries. Based on these data, a reference estrus period
(REP) was defined as a period of low milk P4 (<5 ng/
mL) of minimum 5 and maximum 10 d. During the
period from 15 to 50 h after the start of the REP, a
preovulatory follicle >13 mm was detected by an ex-
perienced veterinarian using a transrectal ultrasound
scanner (A6v, Sonoscape Medical Corp., Shenzhen,
China; Hockey et al., 2010a,b). Disappearance of this
follicle and formation of a corpus luteum was confirmed
by transrectal ultrasound within 7 to 10 d after the
start of the REP. This methodology allowed us to
identify all estruses in the study cows, including silent
estruses, while avoiding the need for daily ultrasound
examinations. The sensitivity of each estrus detection
method was defined as the number of times an alert
was given by a system during the REP (true positive,
TP) divided by the total number of REP (true estrus).
The PPV was the number of TP compared with the
total number of alerts for that method.

Each cow was fitted with a commercial activity me-
ter (ActoFIT, version 2015, DeLaval) on the neckband.
Increased activity was monitored via the algorithm
included in the DelPro Farm Manager software (DelLa-
val). This algorithm generated activity alerts at 3 pos-
sible levels (4, +4, +++), depending on the actual
restlessness of the cow compared with her normal be-
havior. Often, 4+, ++, and ++-+ alerts were generated
within the same estrus period. In this case, only the
highest level of activity within the REP was considered.
When only a + or ++4 alert was generated for an estrus
event, the timing of these was recorded. Each alert not
associated with a REP was considered a false alarm
(false positive, FP). Progesterone-based alerts were
generated with a recently developed on-line monitor-
ing system, P4 Monitoring Algorithm using Synergistic
Control (PMASC), which consists of a mathematical
model describing the different parts of the P4 profile
(Adriaens et al., 2017) and a statistical process control
chart to indicate luteolysis (Adriaens et al., 2018). An
alert was identified as TP if followed by a REP within
24 h; all other alerts were considered FP. The sensitiv-
ity and PPV of the different estrus detection systems
were determined for a period of 41 d (i.e., periods 14-2),
allowing for a training period of 12 d for PMASC, dur-
ing which only P4 samples were taken.

The preovulatory LH surge was monitored as a
proxy for ovulation (period 2) between d 28 and 53
of the trial. If the presence of a preovulatory follicle
was confirmed after a decline in milk P4 concentration,
blood samples were collected in serum Vacutainer tubes
(Becton, Dickinson and Co., Franklin Lakes, NJ) every
2 h from the jugular vein with a disposable 20-gauge
needle (Becton, Dickinson and Co.) for a period of 72
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h, starting 36 h after the moment when raw milk P4
started a consistent decline toward concentrations <5
ng/mL. A preliminary study showed that this number
of blood samples (36 samples) was needed to capture
all LH surges. If a cow exhibited metestrus bleeding,
sampling was stopped. The clotted blood samples were
centrifuged at 2,300 x ¢ to collect the serum, from
which 3 aliquots were stored at —20°C. At the end of
the trial, the serum LH concentrations were measured
on a BEP2000 system (Siemens Healthcare Diagnostics,
Marburg, Germany) with a commercially available bo-
vine LH ELISA kit (Abnova, Taipei City, Taiwan), hav-
ing intra-assay coefficients of variation of 6.3% (average
LH: 13.2 ng/mL) and 5.5% (average LH: 45.2 ng/mL)
and a limit of quantification of 3 ng/mL. All samples
of one REP were analyzed on the same ELISA plate.
The presence of an LH surge was visually determined
by plotting time against LH concentration and the mo-
ment of the LH surge was identified as the maximal
LH concentration, which was between 17 and 49 ng/
mL. In all cases, the surge concentration was more than
8-fold greater than the baseline LH concentration. In
total, LH samples were collected during 24 REP from
22 cows over 25 d. To obtain unbiased results, cows
with severe health or fertility problems known to af-
fect endocrinology (Dobson et al., 2008; Walker et al.,
2008) were excluded from this part of the study. These
included 1 cow treated for milk fever, 1 cow that was
severely lame, 1 cow with endometritis, 3 cows treated
for a luteal cyst, and 3 cows with a follicular cyst or
that became anestrous after a normal cycle. A total of
15 REP (9 primiparous, 6 multiparous cows, 158 + 53
DIM, BCS 3.2 + 0.3; mean + SD) were retained for the
final analysis.

The time interval (TT) between each TP activity or
P4 alert and the moment of maximal LH concentration
was calculated in hours, and are referred to hereafter
as TIxcr and TIppasc, respectively. Additionally, we
evaluated the relationships between the LH surge and
several model-based indicators derived from PMASC.
For this purpose, we calculated a TI with (1) the
inflection point of the decreasing Gompertz function
describing the luteolysis (TIp); (2) the intercept of the
tangent line at the inflection point with the time-axis
(TIic); (3) the moment that the model surpassed a
fixed threshold of 3, 5, 7, or 10 ng/mL (TIrmop x);
and (4) the moment the model undercut 85, 90, or
95% of the maximum P4 model concentration minus
the baseline (TItg x), with X representing the respec-
tive percentages and thresholds (Adriaens et al., 2017,
2018).

Thirty-five REP were detected in 22 cows during
periods 142. The number of alerts given per system, to-
gether with their sensitivity and PPV, are summarized
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Table 1. Summary of the alerts and sensitivity (Se), positive predictive value (PPV), and time intervals (TIyx) for the different estrus detection

systems
Period 2 (n = 15)?
Periods 142 (n = 35) TI’
True False True Range
REP! Positive positive positive Se (%) PPV (%) positive Mean + SD [minimum; maximum]
Activity alerts 44 29 15 82.9 65.9 12 9.4 + 16.1 47.0 [-8.0; 39.0]
+ 19 6 13 82.9* 31.6 2
++ 11 9 2 65.7" 81.8 5
+++ 14 14 0 40.0* 100.0 5
PMASC® 35 35 0 100.0 100.0 15 62.0 = 12.2 35.7 [45.9; 81.6
1P 734+ 11.1 35.2 [52.0; 87.2
1C 55.7 £ 124 40.6 [38.7; 79.3
TB85 56.4 + 11.2 34.6 [41.8; 78.4
TB90 46.2 £ 15.5 43.9 [21.6; 75.5
TB95 43.0 £ 17.2 66.4 [4.9; 71.3]
TMOD,, 66.6 + 11.1 32.9 [48.3; 81.2
TMOD, 61.6 + 114 34.7 [45.6; 80.3
TMOD; 56.8 £ 12.6 44.2 [35.1; 79.3
TMOD; 47.8 £18.1 63.5 [13.9; 774

1 -
Reference estrus period.

*Positives = estrus alerts generated with progesterone (P4)-based monitoring algorithm using synergistic control (PMASC) or the activity-based
system; true positives = alerts associated with a REP; false positives = alerts not associated with a REP.

*TTy = time interval with alert or model-based indicator and the preovulatory LH surge.

“The sensitivity for the activity alerts was calculated cumulatively, using all true positives (4/+4/++4) for “4+7, only 4+ and +++ alerts for

“++” and only +++ alerts for “+-+-+".

PPMASC model-based indicators: (1) time intervals with inflection point of the decreasing Gompertz function describing the luteolysis (TT;p);
(2) intercept of the tangent line at the inflection point with the time axis (TIic); (3) the moment the model undercuts 85, 90, or 95% of the
maximum P4 model concentration minus the baseline (TIrg x), with X representing the respective percentages; and (4) the moment that the
model surpassed a fixed threshold of 3, 5, 7, or 10 ng/mL (TIryop x), with X representing the respective thresholds (Adriaens et al., 2017, 2018).

in Table 1. The activity alerts are expressed according
to their maximum activity level (+, ++, or +++) for
each REP. When all 3 activity levels were considered, a
sensitivity of almost 83% was obtained. However, estrus
detection solely based on the “+” level of activity was
not reliable, because 13 of the 19 “+” alerts (68.4%)
were false alarms (PPV of 31.6%). These moderate
increases in activity are most likely to be caused by
dominance fighting or environment-related factors. Us-
ing only the ++ and +++ alerts decreased the number
of false alarms to 8.0 and 0.0%, respectively, but also
reduced the sensitivity to 65.7 and 40.0%. The main
advantage of activity meters over traditional visual
estrus detection is the automated and continuous na-
ture of the system, which reduces the farmer’s time
required for estrus detection. The sensitivity and PPV
in this study, however, did not meet the standards of
a minimal sensitivity of 80% and a minimal specificity
of 99% (ISO 20966:2007) required for sensor systems.
Moreover, the current results included only cows that
were verified to be cycling and healthy at the start of
the trial. Accordingly, the FP rate for ++ and +++
alerts might increase further when including cows with
disorders (e.g., nymphomaniac animals with follicular

cysts). Additionally, activity scoring does not identify
true silent ovulations (17.1% in our study).

The PMASC system identified all 35 REP in the 41-d
study period and did not generate any false alerts (sen-
sitivity and PPV of 100%). In a large study conducted
by Friggens et al. (2008), comparable sensitivities of
93.3 to 99.2% were reached, using the model described
by Friggens and Chagunda (2005). This result might
be influenced by the way a REP was defined. The ad-
ditional exams of the ovaries using ultrasonography
confirmed each estrus, and physiology dictates that
estrus cannot occur during luteal phases of the cycle.
Therefore, the current method applied is a sound one,
and no better alternative is available today.

Typically, health affects the intensity of estrus, which
influences the performance of activity-based systems.
As P4-based systems are limited to the identifica-
tion of luteolysis, for which the link with the quality
of the follicle or oocyte is unclear, the value of these
P4-based systems might be overestimated. Improved
practice-based insight on factors that affect the chance
of successful conception (e.g., BCS, disease, insufficient
uterus tone) is therefore needed before the real value of
identifying each luteolysis can be estimated. To avoid
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potential confounding effects of health status, the sec-
ond part of this study, which investigated the link be-
tween the LH surge and the respective alerts generated,
used only REP from healthy cows (period 2, Table 1).

The concentrations of baseline serum LH and that of
the LH surge were, respectively, 1.46 + 0.84 and 36.3 £+
11.3 ng/mL (mean + SD), and approximately 4 mea-
surements were involved per peak (i.e., the LH surge
developed and diminished within 8 h). An overview of
LH data and P4 profiles centered around the peak of
the LH surge is illustrated in Figure 1. The TT between
the LH surge and the different alerts (TTycr, Tlpaascs
TTie, TIip, Tlyiop_x, Tltp x) is summarized in Table 1.
Three of 15 REP were not associated with any activity
alert. Of the others, 2 had only a “4” alert, which was
shown previously to be unreliable for estrus detection.
The range in time from alert to LH surge varied from
39 h before the LH surge to 8 h after it (SD of 16.1 h).
Roelofs et al. (2005) reported that ovulation occurred
29.3 £+ 3.9 h after the onset of an increased number of
steps (TI between 22 and 39 h) and 19.4 £+ 4.4 h after
the end of the increased number of steps (TI between
12 and 35 h), which suggests that alternative sensor
systems and data-processing algorithms might improve
our results. However, evaluating these was outside the
scope of this study.

The average TI from luteolysis detected with the
PMASC system to the LH surge was 62 h, with a
minimum of 46 and a maximum of 82 h, resulting in a
range of 36 h (SD of 12.2 h). The IP, as well as TB85,
TMOD,,, and TMOD; performed similarly (range TIx
of 33-35 h, SD: 11.1 to 11.4 h). With a luteal-phase
milk P4 concentration between 20 and 30 ng/mL and

a follicular-phase milk P4 concentration of approxi-
mately 2.5 ng/mL, TB85 represents the moment that
the model first entered the range between 5.1 [2.5 +
0.15 x (20 — 2.5)] and 6.6 ng/mL [2.5 + 0.15 x (30
— 2.5)]. Using the TB85 indicator, and thereby taking
into account the decline in milk P4 compared with the
absolute maximal milk P4 concentration, resulted in a
lower TT range than when a fixed threshold of 5 ng/
mL was used in the model (TIpyops). When a fixed
threshold of 10 ng/mL was used (TIryopig), however,
an even smaller range of 33 h was noted (SD: 11.1 h).
These results demonstrate that the start of luteolysis
might be more indicative of the timing of the LH surge
than the time that milk P4 falls below the 5 ng/mL
threshold. In the current study, samples were collected
at each milking, which may not be economically viable.
When sample collection frequency is lower, however,
the model-based indicators would likely outperform the
luteolysis alerts of PMASC. Therefore, using model-de-
pendent rather than data-dependent guidelines might
make the monitoring system more robust. Furthermore,
these model-based indicators can be calculated for each
profile, allowing flexibility to account for differences
in shapes and absolute levels of the different estrous
cycles, and thereby facilitating further optimization of
insemination advice; for example, by fixing the slope-
determining parameters to physiologically relevant
ranges when fewer samples are available (Meier et al.,
2009).

The limited number of estrus events and the fact
that only one farm was included in the study prevents
us from identifying the optimal insemination time for
alerts generated with these systems, and our observa-
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Figure 1. Overview of the progesterone (P4) profiles centered around the LH surge. A large variability in the P4 profiles is noted both before
and after the LH surge, but all cows had an active corpus luteum, reflected in a P4 concentration >5 ng/mL within 7 d after the LH surge. The

error bars represent the SD to the mean over the 15 included LH surges.
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tions and results cannot be extended to genetically dif-
ferent herds. Therefore, more data should be collected
to confirm or contradict our results, taking into account
various environmental factors (e.g., physiology, genet-
ics, or management). Unfortunately, studies that record
ovulation time are time consuming, labor intensive, and
expensive. Thus, smaller studies such as this one are
valuable when they include a reference for ovulation
while accounting for more than one estrus detection
system. However, we confirm the need for additional
research including different estrus detection tools and
a good reference for the time of ovulation. We suggest
that frequent blood sampling to monitor the LH surge
is a useful alternative to frequent transrectal ultrasound
to monitor disappearance of the ovulatory follicle.

To conclude, we found that P4 monitoring allowed
for accurate identification of luteolysis and outper-
formed activity-based estrus detection system in terms
of sensitivity and PPV. Moreover, using LH as a proxy
for ovulation, the P4-based system and derived model
indicators can provide a more reliable identification of
the correct time for insemination.
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