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Simple Summary: We used an automatic activity-monitoring system to determine onset of estrus in
dairy cows. Within 5 h of onset, we administered a single injection of GnRH analogue to improve
fertility during the summer and autumn. The treatment increased pregnancy per insemination during
the autumn, but not in the summer. The subgroups for which the treatment specifically tended to
improve conception risk during the autumn were: mature (2nd plus parity) cows and cows with
uterine disease and ketosis after calving. Detection of estrus onset by activity monitoring and GnRH
administration shortly thereafter could be incorporated into a synchronization program, to improve
fertility of positively-responding subpopulations of cows.

Abstract: We examined gonadotropin-releasing hormone (GnRH) administration at onset of estrus
(OE), determined by automatic activity monitoring (AAM), to improve fertility of dairy cows during
the summer and autumn. The study was performed on two dairy farms in Israel. The OE was
determined by AAM recorded every 2 h, and a single im dose of GnRH analogue was administered
shortly after OE. Pregnancy was determined by transrectal palpation, 40 to 45 d after artificial
insemination (AI). Conception risk was analyzed by the GLIMMIX procedure of SAS. Brief visual
observation of behavioral estrus indicated that about three-quarters of the events (1 = 40) of visually
detected OE occurred within 6 h of AAM-detected OE. Accordingly, the GnRH analogue was
administered within 5 h of AAM-detected OE, to overlap with the expected endogenous preovulatory
LH surge. Overall, pregnancy per Al (P/AI) was monitored over the entire experimental period
(summer and autumn) in 233 first, second or third AI (116 and 117 AI for treated and control groups,
respectively). Least square means of P/Al for treated (45.8%) and control (39.4%) groups did not
differ, but group-by-season interaction tended to differ (p = 0.07), indicating no effect of treatment
in the summer and a marked effect of GnRH treatment (1 = 58 AI) compared to controls (n = 59 AI)
on P/Al in the autumn (56.6% vs. 28.5%, p < 0.03). During the autumn, GnRH-treated mature cows
(second or more lactations), and postpartum cows exhibiting metabolic and uterine diseases, tended
to have much larger P/AI than their control counterparts (p = 0.07-0.08). No effect of treatment
was recorded in the autumn in first parity cows or in uninfected, healthy cows. In conclusion,
administration of GnRH within 5 h of AAM-determined OE improved conception risk in cows
during the autumn, particularly in those exhibiting uterine or metabolic diseases postpartum and in
mature cows. Incorporation of the proposed GnRH treatment shortly after AAM-detected OE into a
synchronization program is suggested, to improve fertility of positively responding subpopulations
of cows.
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1. Introduction

Among the stresses that disrupt dairy cow fertility, summer heat stress is a major
cause of low conception rate in lactating cows. Average pregnancy per Al (artificial
insemination; P/Al) in dairy farms in Israel from 2015 to 2020 dropped among mature
cows from winter to summer and autumn (37% to 21% and 27%, respectively, Israel Herd
Book). Similar trends have been recorded worldwide [1]. Among the aspects associated
with impairment of reproduction by thermal stress, alteration of gonadotropin and steroid
levels and disruption of preovulatory follicle and corpus luteum (CL) functions have been
documented (for reviews see [2—4]).

Abnormal preovulatory luteinizing hormone (LH) surge may lead to disruption of
normal ovulation and other functions. In women, low preovulatory LH surge has been
associated with disruption of oocyte maturation [5]. Follicle tissues obtained from heat-
stressed cows secreted lower levels of steroids [6], and environmental heat stress has been
associated with reduced follicular estradiol secretion [7-9]. Thus, impairment of the events
leading to ovulation may cause fertilization failure. Other studies have shown that in
cows under summer heat stress, the gonadotropin-releasing hormone (GnRH)-induced
LH surge is lower than in cooled cows [10]. Consequently, heat stress lowers ovulation
and fertilization rates [11-13]. Similarly, disease-related stress impairs the hormonal
cascade of events leading to ovulation [14]. Stress caused by production diseases in high
milk-producing cows increases problems of low fertility. Milk yield was associated with
an increased incidence of uterine infection; the latter is associated with slow growth of
the dominant follicle and low production of estradiol, known to contribute to reduced
fertility [14]. Subclinical mastitis is recorded in about 20—40% of cows postpartum [15].
We recently found that one-third of subclinical mastitic cows exhibit delayed ovulation,
low follicular estradiol and delayed preovulatory LH surge, leading to lower P/AI in
subclinical mastitic cows relative to uninfected controls [16-18].

Preovulatory LH surge peaks within a few hours of the onset of estrus (OE; [19]). A
single im dose of GnRH analogue at estrus increases peak LH surge and is subsequently
associated with increased progesterone level following ovulation [20,21]. In light of these
findings, a single dose of GnRH during estrus, to synchronize the preovulatory LH surge
and ovulation with timing of Al, has been suggested. A study from Mississippi on a
limited number of cows [22] reported that administration of GnRH analogue during estrus
improves summer conception rate relative to untreated controls (28% vs. 17%). In another
study [21], a GnRH analogue was given within 3 h of OE to synchronized cows with two
doses of PGF; administered 14 d apart. Results showed a marked increase in P/ Al during
the summer and autumn (July—October) in treated cows relative to untreated controls
(51.7% vs. 35.1%), whereas no effect was noted in the winter. Given these positive findings,
it was reasonable to conclude that GnRH administration shortly after OE can improve
summer and autumn fertility. However, it was also clear that an approach based on
day-long visual estrus detection was not feasible for commercial farms.

The use of automatic activity-monitoring (AAM) systems is becoming more common
on commercial farms worldwide. The AAM for estrus relies on frequent recordings, thereby
eliminating the need for visual estrus detection. This approach has been found to be highly
efficient for reproductive management based on Al following estrus [23]. Due to this
technological advance, GnRH administration shortly after AAM-detected OE has become
feasible. The first objective of the current study was to compare the timing of visually
detected OE to that of AAM-detected OE, so as to determine the precise timing of GnRH
administration that will likely coincide with the natural preovulatory LH surge. The second
objective was to examine whether a single dose of GnRH analogue given shortly after
AAM-detected OE improves fertility of lactating cows during the summer and autumn.
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2. Materials and Methods
2.1. Animals

The experiment was conducted during the summer (July-September) and autumn
(October-November) on two commercial dairy farms located in the coastal plain in Israel.
The study was approved by the local Ethics Committee of the Hebrew University (code
number: IL 623/15). Meteorological data were collected from nearby stations for both
herds. Summer and autumn mean daily maximal and minimal air temperature, relative
humidity and temperature humidity index (THI)—calculated according to the equation:
THI = (1.8 x AT + 32) — ((0.55 — 0.0055 x RH) x (1.8 x AT — 26)) where AT = ambient
temperature, RH = relative humidity [24]—are presented in Table 1.

Table 1. Mean climatic conditions during the summer (July-September) and autumn (October—
November) for the farms located in the coastal plain in Israel.

Daily Maximal Daily Minimal

Summer
Ta (°C) 30.5 224
RH (%) 83.2 56.5

THI 79.9 70.9
Autumn
Ta (°C) 25.1 16.3
RH (%) 82.8 52.3

THI 72.0 60.9

Ta = air temperature; RH = relative humidity; THI = temperature humidity index.

Cows received a total mixed ration containing 1.77 Mcal/d, 16.5% protein and 32%
NDF, ad libitum. A total of 208 cows were included in the entire dataset; more details on
distribution of Al and cows are given in the Results section. Cows were milked three times
daily, yielding an average 12,600 kg milk over 305 d. Cows were routinely checked by
the herd veterinarian and body condition score (BCS) was recorded after calving (overall
mean of 3.2) and at peak lactation [25]. Cows were held in open shaded structures in
both herds. Postpartum uterine disease, mastitis and metabolic diseases, mainly ketosis,
were diagnosed and recorded, as previously detailed [17,26]. Cows were treated by the
veterinarian according to routine protocols. Cows underwent first Al following detection
of estrus according to herd policy, i.e., between 70 and 90 d in milk according to parity and
BCS. Pregnancy was diagnosed by transrectal palpation 40 to 45 d post-Al. Cows were
cooled during the summer by a sprinkling and ventilation cooling system, as previously
described [27,28]. Cooling was applied in the waiting area before milking, and along the
feeding lines. Cows were cooled for about 6 h during a 24-h cycle.

2.2. Experimental Facilities

In both herds, cows were equipped with an AAM system (Heatime, SCR Dairy,
Netanya, Israel). The device is placed on the cow’s neck to monitor neck movements. Data
are frequently recorded (every 20 min), and are summed and stored every 2 h. An increase
in monitored activity above a specific threshold for an individual cow sends out an estrus
alert; the point in time at which the cow was first recorded as being in estrus was defined
as OE. A professional technician routinely performed Al once a day in the morning hours.
A cow recorded in estrus during the morning hours was inseminated on the same day; if
OE was recorded in the afternoon or evening, the cow was inseminated the next morning,.

2.3. Behavioral Study

A short visual observation of behavior was performed to compare individual timing
of OE determined by AAM to that determined by visual detection (n = 40 cows). Visual
observation was performed to record the exact timing of OE, with standing to be mounted
as the main criterion. In addition, cows exhibiting several mountings of other cows or head
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mountings of other cows were also identified as being at OE [29]. For each cow, visual OE
data were compared to the respective AAM-detected OE data.

2.4. Fertility Study

Cows in their first to third Al were assigned to the control or treatment group on
alternate days of the week, according to the day on which they exhibited estrus. GnRH
was administered during working hours (04.00-22.00 h). This management simplified
the experimental procedure for the herd crew. Cows in the treatment group that were
identified by the AAM system as being at OE were treated within 5 h with 2 mL of
im-administered GnRH analogue (200 ng Gonadorelin, Gonabreed, Parnell Laboratories,
Alexandpria, Australia).

2.5. Statistics

The data from the behavioral experiment are presented in the form of descriptive
statistics. For each cow, visually detected OE and AAM-detected OE were compared. The
difference, in hours, between the two observations was recorded. The AAM-detected OE
was defined as time zero.

Data from the fertility experiment were analyzed by a multivariable model that was
designed with a logistic model statement using the GLIMMIX procedure of SAS (version
9.2, SAS Institute Inc., Cary, NC, USA); insemination outcome was the dependent variable,
as previously described [17,26]. Pregnancy per first, second and third service and P/ Al for
all services were calculated as number of pregnancies divided by number of AL

An initial model included, among others, the variables herd and Al number. However,
an initial analysis showed that these variables and their interactions with treatment do
not differ between groups, and they were therefore excluded from further analyses. Two
models were applied. The first consisted of the entire dataset in summer and autumn
(n =233 Al), and was analyzed with the general form:

P/Al = intercept + treat + parity + season + metabolic diseases + uterine diseases + mastitis + treat x parity +
treat X season + treat X metabolic diseases + treat x uterine diseases + treat X mastitis + error

where: P/AI = InP/(1—-P), P = probability of pregnancy; treat = Al following GnRH
treatment or untreated control; parity = first, or second and more lactations; sea-
son = Al in the summer (July-September) or autumn (October-November); metabolic
diseases = metabolic health status postpartum; uterine diseases = uterine health status
postpartum and mastitis = uninfected or subclinical groups.

The second model consisted of the autumn data only (n = 117 Al). It was analyzed
with the general form:

P/Al = intercept + treat + parity + metabolic diseases + uterine diseases + mastitis + treat

X parity + treat X metabolic diseases + treat X uterine diseases + treat x mastitis

+ error (see description of variables for first model).

For detailed definitions of the diseases, see Lavon et al. [17,26]. Only interactions of
all variables with group treatments were included. All variables were considered fixed
effects. Probability of conception for the level of a specific variable included in the model
was based on least square mean (LSM) values. To compare levels within a variable, we ran
the Bonferroni adjustment for multiple comparisons. Values of p < 0.05 were considered
significant, and values of p < 0.10 as tending toward significance.

3. Results
3.1. Behavioral Study
A comparison of the timing of AAM-detected OE (defined as time zero) and visually

detected OE is presented in Table 2. In about half of the cows, visually detected OE
coincided (£2 h) with AAM-detected OE, and an additional ca. one-quarter of the cows
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presented visually detectable OE within 3-6 h of the AAM-detected OE (Table 2). Given
that about three-quarters of the cows thus presented standing estrus within 6 h of the
OE determined by AAM, treated cows were administered GnRH within 5 h of AAM-
detected OE.

Table 2. Distribution of lactating cows based on time interval between visual detection and automatic
activity monitoring (AAM) detection of onset of estrus (OE) !.

Interval between Visually Detected OE and AAM-Detected OE (t = 0) n %
—8to—3h 6 15
—2to+2h 19 48
+3to+6h 10 24
+7to+12h 5 13

1 11 = 40 cows; 5 cows visually detected in standing estrus were not recorded by the AAM device.

3.2. Fertility Study
3.2.1. Treatment Effect during the Entire Experimental Period (Summer and Autumn)

A total of 116 and 117 AI were recorded for the treatment and control groups, re-
spectively, consisting of 57 and 59, 33 and 37, and 26 and 21 first, second, and third Al,
respectively. Mean days from calving to first, second and third Al were quite similar for
treatment and control groups: 88 and 93, 118 and 130, and 158 and 153, respectively. A
small number of cows (1 = 11 and 16 for treatment and control groups, respectively) that
had been subjected to Al, had not conceived and expressed estrus were randomly assigned
to the experimental groups, and analyzed as different experimental units. Collectively, a
total of 233 Al performed on 208 cows were included in the entire dataset.

The analysis of the entire experimental period (summer and autumn) is presented in
Table 3. Main effect of treatment on P/ Al did not differ from the control (45.6 vs. 38.1%,
respectively; Table 3). Summer and autumn’s main effects on P/ Al did not differ. Moreover,
none of the other main effects: lactation (first vs. second and more), BCS (high vs. low) and
the three diseases (healthy vs. sick) differed (data not presented). A tendency toward a
group-by-season interaction noted in the GLIMMIX model (p = 0.07) indicated no effect of
treatment vs. control in the summer (P/AlI of 40 vs. 45.6%) and a large, 20% unit difference
in P/ Al between GnRH-treated and control groups in the autumn (51.3 vs. 31.2%). No
interactions of variables parity, BCS or diseases (ketosis, metritis and mastitis) with group
were detected (Table 3).

3.2.2. Treatment Effect during the Autumn

Because the group-by-season interaction indicated a large difference between groups
in the autumn and no difference in the summer, we further analyzed the data for the
summer and autumn separately. Because no significant effects were detected during the
summer for any variable or its interaction with group, the summer data are not presented.
Accordingly, we concentrated on the effects of treatment during the autumn and results
are presented in Table 4 and Figure 1. During the autumn, a total of 117 Al, 58 and
59 Al in treated and control groups, respectively, were performed on 105 cows. Of these,
12 cows that were Al and returned to estrus were randomly assigned to the experimental
groups, and analyzed as different experimental units, as described above. The LSM
values are presented in Table 4, and actual means of selected significant or tending toward
significant variables and interactions are presented in Figure 1. We found a significant
main effect of group (p < 0.03), reflecting higher P/ Al for the treated cows compared to
their untreated control counterparts (Table 4 and Figure 1A). Group-by-parity interaction
(p = 0.08) indicated a much larger tendency for LSM of conception risk in the treated
vs. control cows in mature (second and more lactations), but not in first-lactation cows
(Table 4, Figure 1B). Group-by-uterine disease interaction (p = 0.07) and group-by-metabolic
disease interaction (p = 0.08) showed a tendency toward a large difference between LSM
of sick, treated subgroups and their sick, control counterparts (63.6 vs. 22.7% and 70.3 vs.



Animals 2021, 11,2194

60f 11

23.0%, respectively, Table 4). The respective actual means are presented in Figure 1C,D. No
differences were detected between treated and untreated healthy, uninfected subgroups

(Table 4, Figure 1C,D).

Table 3. Generalized mixed model (GLIMMIX) used to estimate the effect of GnRH administration
at onset of estrus on probability of conception over the entire experimental period (summer and

autumn). Group and season, and interactions with group are presented.

Variable ! Level n LSM 2 SE 3 p-Value
Group Control 117 38.1 6.2 -
Treat 116 45.6 59 0.4
Season Summer 116 429 5.5 -
Autumn 117 40.9 5.6 0.79
Group by Season 4 Control x Summer 58 45.6 8.1 -
Treat x Summer 58 40 7.4 1
Control x Autumn 59 31.2 7.2 -
Treat x Autumn 58 51.3 7.5 0.44
Group by Lactation Control x Lac 1 43 46.4 10 -
Treat x Lac1 40 43.6 9 1
Control x Lac 2+ 74 30.6 5.6 -
Treat x Lac 2+ 76 47.6 6.3 0.33
Group by BCS Control x High 57 39.8 7.7 -
Treat x High 70 42.6 6.4 1
Control x Low 60 36.4 8.1 -
Treat x Low 46 48.6 9 1
Group by Metabolic diseases Control x No 76 42 -
Treat x No 81 40.1 6.6 1
Control x Yes 41 34.4 8.5 -
Treat x Yes 35 51.2 9.3 1
Group by Uterine diseases Control x No 70 441 7.7 -
Treat x No 77 45.7 7.6 1
Control x Yes 47 35.2 7.8 -
Treat x Yes 39 455 8.3 1
Group by Mastitis Control x No 88 48.8 6 -
Treat x No 76 49.6 6.5 1
Control x Yes 29 28.4 8.7 -
Treat x Yes 40 41.7 8.8 1

! Data consist of 233 Al from two herds. Treated cows received GnRH analogue within 5 h after onset of estrus.
Treat = GnRH treatment; Lac = lactation; n = number of Al; BCS = body condition score. 21SM probabilities of
conception obtained from GLIMMIX. 3 Adjusted by Bonferroni correction for multiple comparisons. * Group-by-
season interaction (GLIMMIX model): p = 0.07.

Table 4. Generalized mixed model (GLIMMIX) used to estimate the effect of administering GnRH at
onset of estrus on probability of conception during the autumn only. Group and interactions with

group are presented.

Variable ! Level n LSM 2 SE 3 p-Value
Group Control 59 26.5 8.3 -
Treat 58 57.8 8.8 <0.03
Group by Lactation Control x Lac1 22 29.5 11.8 -
Treat x Lac 1 19 56.5 134 1
Control x Lac 2+ 37 23.7 7.6 -
Treat x Lac 2+ 39 59.1 9.5 0.08
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Table 4. Cont.

Variable ! Level n LSM 2 SE 3 p-Value
Group by BCS Control x High 18 249 9.8 -
Treat x High 29 64 10.8 0.18
Control x Low 41 28.2 9.5 -
Treat x Low 29 51.3 11.6 1
Group by Metabolic diseases Control x No 40 31.8 9.4 -
Treat x No 39 42.8 9.4 1
Control x Yes 19 21.8 9.5 -
Treat x Yes 19 714 12.3 0.08
Group by Uterine diseases Control x No 31 31.9 10.9 -
Treat x No 34 49.9 10.8 1
Control x Yes 28 21.7 8.3 -
Treat x Yes 24 65.5 11.7 0.07
Group by Mastitis Control x No 48 34.8 13.7 -
Treat x No 41 59.6 9.4 0.67
Control x Yes 11 17.3 9.1 -
Treat x Yes 17 55.9 8.5 0.46

1 Data consist of 117 Al from two herds. Treated cows received GnRH analogue within 5 h after onset
of estrus. Treat = GnRH treatment; Lac = lactation; n = number of Al; BCS = body condition score.
2 LSM probabilities of conception obtained from GLIMMIX. ® Adjusted by Bonferroni correction for
multiple comparisons.
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Figure 1. Effect of GnRH analogue administered within 5 h of onset of estrus (OE) on mean actual conception risks of
control relative to treatment groups during the autumn only. (A) = main effect group, treatment vs. control; (B) = group
by parity interaction, 15¢ vs. 2+ lactations; (C) = group by uterine disease interaction, healthy vs. sick groups; (D) = group
by metabolic disease interaction, healthy vs. sick groups. Interactions with a tendency toward significance are presented.
Numbers of Al are presented in Table 4. Data are mean + SEM. Treat = treatment. * p < 0.03;? p = 0.07;? p = 0.08.
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4. Discussion

The present study shows that a single dose of im-administered GnRH analogue at the
expected time of preovulatory LH surge, shortly after OE, can improve conception risk
during the autumn, but not in the summer. In the autumn, GnRH-treated mature cows, and
those with metabolic and uterine disease postpartum exhibited a tendency toward much
higher P/ Al than their untreated counterparts. In contrast, first lactation cows and healthy
cows did not respond to the GnRH treatment. Cows under disease-induced stress might
have impaired hormonal secretions, which in turn attenuate the process of preovulatory
LH secretion and ovulation [14]. Thus, it is possible that GnRH administration shortly
after OE improves the timing and amplitude of the LH surge, thereby leading to ovulation,
resumption of meiosis of the ovulated oocyte and increased fertilization rate. In addition,
GnRH-induced normal LH surge may improve normal CL formation and progesterone
secretion [30], which is important in supporting the formed embryo.

The current findings contrast with a previous study [21] in which GnRH given shortly
after OE increased P/ Al in the summer. Differences between studies might be related to the
intensity of the summer heat stress and the efficiency of cooling, which was likely better in
the previous study than in the current one. It is therefore possible that the effect of treatment
is limited when cows are under severe thermal stress. In support of this assumption, GnRH
administration had a beneficial effect during the autumn, when cows are no longer exposed
to high temperatures; however, a carryover effect of summer heat stress into the subsequent
autumn has been reported [31]. During the autumn, lactating cows are still expressing
impairments in endocrine function, for instance, low estradiol content in follicular fluid
aspirated from preovulatory follicles. In turn, reduced estradiol secretion might lead to low
LH secretion, impaired preovulatory LH surge, and disruption of the cascade of events that
lead to ovulation. In this case, GnRH administration coinciding with the endogenous LH
surge might be beneficial. Another reason for the discrepancy between studies might be
differences in the method of estrus detection: visual observation in the previous study [21]
vs. AAM in the current one. In this respect, it is well documented that estrus intensity
and duration are attenuated under heat stress [32]. Thus, the timing of AAM-detected OE
during the summer might differ from that in the autumn. Further investigation is required
to confirm this and if validated, a different timing of GnRH injection during the summer
may lead to a better response.

Administration of GnRH shortly after OE tended to improve conception risk in cows
exhibiting postpartum diseases. This included uterine disease and metabolic disease in
the autumn. Postpartum diseases have been linked to reproductive disorders such as
delayed resumption of cyclicity, longer period to first Al and more days open, all of which
have been suggested to be associated with, among other things, attenuated gonadotropin
secretion [33-35]. We suggest that GnRH treatment administered shortly after OE can
effectively improve disease-impaired functions, promote normal LH surge and ovulation,
permit normal fertilization and consequently, improve conception rate. However, further
detailed research is required to validate this. Another interesting finding that warrants
attention is that GnRH treatment among cows under disease-related stress, e.g., metabolic
or uterine diseases postpartum, results in a much higher conception risk than that of their
healthy GnRH-treated counterparts. The reason for this is currently unclear. One could
speculate that the GnRH treatment interacts with disease-secreted or immune-related
metabolites that potentially enhance the positive effect of GnRH on conception.

GnRH treatment shortly after OE was highly effective among mature cows, but no
effect was noted in cows in their first lactation. These findings differ from those recorded
in our previous study [21], in which GnRH injection given within 3 h of OE detected by
visual observation improved conception rate of cows in first lactation. The reason for this
discrepancy is unknown, but it might be related to differences in experimental design. In a
previous study [21], cows were synchronized prior to GnRH injection, whereas the cows in
the current study were not. It is possible that cows in first lactation respond better to the
synchronization protocol.
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The current study was based on a relatively small number of Al Therefore, the data
should be interpreted with caution. Nevertheless, the novel approach of using AAM
to determine OFE and the significant improvement of fertility by the GnRH treatment as
main effect during the autumn are sound. Similarly, the tendency toward significance
(i.e., possibly significant with a larger dataset) of treatment interactions with diseases
and parity reflects large and real differences between GnRH-treated cows and untreated
controls. Additional research is required to further validate and strengthen our findings
and extend the study to other seasons, particularly winter.

The use of AAM systems for estrus detection is on the rise, making automatic detec-
tion of OE feasible for the dairy industry. The current GnRH treatment comprised two
components: (i) determination of OE by AAM, and (ii) administration of the GnRH dose
to the identified cow. The use of AAM to determine OE seemed to be satisfactory, as we
found about three-quarters of the cows in standing estrus from 2 h before to 6 h after
AAM-detected OE. Aungier et al. [19] found that visually and AAM-detected OE coincide
in time of appearance. They, and others, also found that the LH surge occurs within only
a few hours after AAM-detected OE [36,37]. Although beyond the scope of this study,
based on the above, it seems that in most of the cows in our study, the GnRH dose likely
coincided with the endogenous LH surge. For the second component of the treatment,
injection of the GnRH dose as part of an estrus-synchronization protocol seems to be a
good option. In fact, in our previous study [21], cows were synchronized by two doses of
PGF,« given 14 d apart. Estrus synchronization has two advantages: (i) manifestation of
estrus simultaneously in several cows, which stimulates and enhances signs of estrus [38];
and (ii) more efficient and easier management in terms of tracking the cows at OE and
injecting the GnRH dose. One attractive synchronization program option is the Select
Synch protocol [39]: GnRH administered on day 0, PGF,, administered 7 d later, and the
GnRH treatment given within 5 h of AAM-detected OE. Taken together, synchronization
followed by AAM detection of OE should enable efficient defining of the accurate timing
for GnRH administration.

5. Conclusions

The online AAM system can automatically detect OE in dairy cows, which may serve
as a marker for GnRH administration coinciding with the endogenous LH surge. This,
in turn, may promote a normal LH surge that consequently, will increase conception risk
in cows under stress. We found that GnRH-treated cows during the warm /hot season,
particularly in the autumn, exhibit increased conception risk. Regarding disease-related
stress, GnRH-treated cows with uterine or metabolic disease postpartum showed improved
conception risk relative to their untreated counterparts, whereas healthy cows did not
respond to the GnRH treatment. In addition, mature cows treated with GnRH showed
increased conception risk, whereas cows in first lactation did not. Detection of OE by the
AAM system and GnRH administration shortly thereafter could be incorporated into a
synchronization program, and be applied to positively responding subgroups of cows.
More studies are required to further validate this approach during warm and hot seasons,
and to examine the proposed treatment with cows under disease stress, particularly in the
winter season.

Author Contributions: Z.R.: conceptualization; formal analysis; writing—review and editing. Y.Z.K.:
methodology; investigation. Y.L.: statistical analysis; writing; validation. D.K.: writing—review and
editing. D.W.: conceptualization; formal analysis; supervision; methodology; writing—original draft.
All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Israeli Milk Assembly (grant number 820-0335).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the local Ethics Committee of the Hebrew University (code
number: IL 623/15).



Animals 2021, 11,2194 10 of 11

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available for safeguarding individual rights of farm
workers and veterinarians.

Acknowledgments: The authors express their thanks to the crew members of Yavne and Givaat-
Haim dairies for their help in performing the study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  De Rensis, F; Scaramuzzi, R. Heat stress and seasonal effects on reproduction in the dairy cow—A review. Theriogenology 2003,
60, 1139-1151. [CrossRef]

2. Hansen, PJ. Genetic variation in resistance of the preimplantation bovine embryo to heat shock. Reprod. Fertil. Dev. 2015, 27,
22-30. [CrossRef]

3. Roth, Z. Effect of Heat Stress on Reproduction in Dairy Cows: Insights into the Cellular and Molecular Responses of the Oocyte.
Annu. Rev. Anim. Biosci. 2017, 5, 151-170. [CrossRef]

4. Wolfenson, D.; Roth, Z. Impact of heat stress on cow reproduction and fertility. Anim. Front. 2019, 9, 32-38. [CrossRef]

5. Westergaard, L.G.; Laursen, S.B.; Andersen, C.Y. Increased risk of early pregnancy loss by profound suppression of luteinizing
hormone during ovarian stimulation in normogonadotrophic women undergoing assisted reproduction. Hum. Reprod. 2000, 15,
1003-1008. [CrossRef] [PubMed]

6. Bridges, P; Brusie, M.; Fortune, ]. Elevated temperature (heat stress) in vitro reduces androstenedione and estradiol and increases
progesterone secretion by follicular cells from bovine dominant follicles. Domest. Anim. Endocrinol. 2005, 29, 508-522. [CrossRef]

7. Wolfenson, D.; Lew, B.; Thatcher, W.; Graber, Y.; Meidan, R. Seasonal and acute heat stress effects on steroid production by
dominant follicles in cows. Anim. Reprod. Sci. 1997, 47, 9-19. [CrossRef]

8.  Roth, Z.; Meidan, R.; Shaham-Albalancy, A.; Braw-Tal, R.; Wolfenson, D. Delayed effect of heat stress on steroid production in
medium-sized and preovulatory bovine follicles. Reproduction 2001, 121, 745-751. [CrossRef]

9. Wolfenson, D.; Sonego, H.; Bloch, A.; Shaham-Albalancy, A.; Kaim, M.; Folman, Y.; Meidan, R. Seasonal differences in progesterone
production by luteinized bovine thecal and granulosa cells. Domest. Anim. Endocrinol. 2002, 22, 81-90. [CrossRef]

10. Gilad, E.; Meidan, R.; Berman, A.; Graber, Y.; Wolfenson, D. Effect of heat stress on tonic and GnRH-induced gonadotrophin
secretion in relation to concentration of oestradiol in plasma of cyclic cows. J. Reprod. Fertil. 1993, 99, 315-321. [CrossRef]
[PubMed]

11.  Wilson, S.; Marion, R.; Spain, ].; Spiers, D.; Keisler, D.; Lucy, M. Effects of Controlled Heat Stress on Ovarian Function of Dairy
Cattle. 1. Lactating Cows. J. Dairy Sci. 1998, 81, 2124-2131. [CrossRef]

12.  Lopez-Gatius, E; Lépez-Béjar, M.; Fenech, M.; Hunter, R. Ovulation failure and double ovulation in dairy cattle: Risk factors and
effects. Theriogenology 2005, 63, 1298-1307. [CrossRef]

13. Garcia-Ispierto, I.; De Rensis, F.; Casas, X.; Caballero, F.; Serrano-Pérez, B.; Lopez-Gatius, F. Inducing ovulation with hCG in a
five-day progesterone-based fixed-time Al protocol improves the fertility of anestrous dairy cows under heat stress conditions.
Theriogenology 2019, 124, 65-68. [CrossRef]

14. Crowe, M.A_; Williams, E.J. Triennial Lactation Symposium: Effects of stress on postpartum reproduction in dairy cowsl1,2. J.
Anim. Sci. 2012, 90, 1722-1727. [CrossRef]

15. Ramirez, N.; Keefe, G.; Dohoo, I.; Sanchez, ].; Arroyave, O.; Cerdn, ].; Jaramillo, M.; Palacio, L.G. Herd- and cow-level risk factors
associated with subclinical mastitis in dairy farms from the High Plains of the northern Antioquia, Colombia. J. Dairy Sci. 2014,
97, 4141-4150. [CrossRef]

16. Lavon, Y.; Leitner, G.; Voet, H.; Wolfenson, D. Naturally occurring mastitis effects on timing of ovulation, steroid and go-
nadotrophic hormone concentrations, and follicular and luteal growth in cows. . Dairy Sci. 2010, 93, 911-921. [CrossRef]

17.  Lavon, Y.; Ezra, E.; Leitner, G.; Wolfenson, D. Association of conception rate with pattern and level of somatic cell count elevation
relative to time of insemination in dairy cows. J. Dairy Sci. 2011, 94, 4538-4545. [CrossRef]

18. Lavon, Y,; Leitner, G.; Klipper, E.; Moallem, U.; Meidan, R.; Wolfenson, D. Subclinical, chronic intramammary infection lowers
steroid concentrations and gene expression in bovine preovulatory follicles. Domest. Anim. Endocrinol. 2011, 40, 98-109. [CrossRef]

19. Aungier, S.; Roche, J.; Duffy, P; Scully, S.; Crowe, M. The relationship between activity clusters detected by an automatic activity
monitor and endocrine changes during the periestrous period in lactating dairy cows. J. Dairy Sci. 2015, 98, 1666-1684. [CrossRef]

20. Rosenberg, M.; Chun, S.; Kaim, M.; Herz, Z.; Folman, Y. The effect of GnRH administered to dairy cows during oestrus on plasma
LH and conception in relation to the time of treatment and insemination. Anim. Reprod. Sci. 1991, 24, 13-24. [CrossRef]

21. Kaim, M,; Bloch, A.; Wolfenson, D.; Braw-Tal, R.; Rosenberg, M.; Voet, H.; Folman, Y. Effects of GnRH Administered to Cows at
the Onset of Estrus on Timing of Ovulation, Endocrine Responses, and Conception. . Dairy Sci. 2003, 86, 2012-2021. [CrossRef]

22. Ullah, G,; Fuquay, J.; Keawkhong, T.; Clark, B.; Pogue, D.; Murphey, E. Effect of Gonadotropin-Releasing Hormone at Estrus on
Subsequent Luteal Function and Fertility in Lactating Holsteins During Heat Stress. J. Dairy Sci. 1996, 79, 1950-1953. [CrossRef]

23. Cerri, R.; Burnett, T.; Madureira, A.; Silper, B.; Denis-Robichaud, J.; Leblanc, S.; Cooke, R.; Vasconcelos, . Symposium review:
Linking activity-sensor data and physiology to improve dairy cow fertility. J. Dairy Sci. 2021, 104, 1220-1231. [CrossRef]


http://doi.org/10.1016/S0093-691X(03)00126-2
http://doi.org/10.1071/RD14311
http://doi.org/10.1146/annurev-animal-022516-022849
http://doi.org/10.1093/af/vfy027
http://doi.org/10.1093/humrep/15.5.1003
http://www.ncbi.nlm.nih.gov/pubmed/10783342
http://doi.org/10.1016/j.domaniend.2005.02.017
http://doi.org/10.1016/S0378-4320(96)01638-7
http://doi.org/10.1530/rep.0.1210745
http://doi.org/10.1016/S0739-7240(01)00127-8
http://doi.org/10.1530/jrf.0.0990315
http://www.ncbi.nlm.nih.gov/pubmed/8107012
http://doi.org/10.3168/jds.S0022-0302(98)75788-1
http://doi.org/10.1016/j.theriogenology.2004.06.010
http://doi.org/10.1016/j.theriogenology.2018.10.015
http://doi.org/10.2527/jas.2011-4674
http://doi.org/10.3168/jds.2013-6815
http://doi.org/10.3168/jds.2009-2112
http://doi.org/10.3168/jds.2011-4293
http://doi.org/10.1016/j.domaniend.2010.09.004
http://doi.org/10.3168/jds.2013-7405
http://doi.org/10.1016/0378-4320(91)90078-E
http://doi.org/10.3168/jds.S0022-0302(03)73790-4
http://doi.org/10.3168/jds.S0022-0302(96)76565-7
http://doi.org/10.3168/jds.2019-17893

Animals 2021, 11, 2194 11 of 11

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Schiiller, L.; Burfeind, O.; Heuwieser, W. Impact of heat stress on conception rate of dairy cows in the moderate climate considering
different temperature-humidity index thresholds, periods relative to breeding, and heat load indices. Theriogenology 2014, 81,
1050-1057. [CrossRef]

Wildman, E.E.; Jones, G.M.; Wagner, PE.; Boman, R.L.; Troutt, H.; Lesch, T.N. A Dairy Cow Body Condition Scoring System and
Its Relationship to Selected Production Characteristics. J. Dairy Sci. 1982, 65, 495-501. [CrossRef]

Lavon, Y.; Kaim, M.; Leitner, G.; Biran, D.; Ezra, E.; Wolfenson, D. Two approaches to improve fertility of subclinical mastitic
dairy cows. J. Dairy Sci. 2016, 99, 2268-2275. [CrossRef]

Flamenbaum, I.; Wolfenson, D.; Mamen, M.; Berman, A. Cooling Dairy Cattle by a Combination of Sprinkling and Forced
Ventilation and Its Implementation in the Shelter System. J. Dairy Sci. 1986, 69, 3140-3147. [CrossRef]

Berman, A.; Wolfenson, D. Environmental modifications to improve production and fertility. In Large Dairy Herd Management;
Van Horn, H.H., Wilcox, C.J., Eds.; American Dairy Science Association: Champaign, IL, USA, 1992; pp. 126-134.

Van Eerdenburg, F,; Karthaus, D.; Taverne, M.; Mercis, L; Szenci, O. The Relationship between Estrous Behavioral Score and Time
of Ovulation in Dairy Cattle. J. Dairy Sci. 2002, 85, 1150-1156. [CrossRef]

Bloch, A.; Folman, Y.; Kaim, M.; Roth, Z.; Braw-Tal, R.; Wolfenson, D. Endocrine Alterations Associated with Extended Time
Interval Between Estrus and Ovulation in High-Yield Dairy Cows. J. Dairy Sci. 2006, 89, 4694-4702. [CrossRef]

Roth, Z. Heat Stress, the Follicle, and Its Enclosed Oocyte: Mechanisms and Potential Strategies to Improve Fertility in Dairy
Cows. Reprod. Domest. Anim. 2008, 43, 238-244. [CrossRef]

Younas, M.; Fuquay, J.; Smith, A.; Moore, A. Estrous and Endocrine Responses of Lactating Holsteins to Forced Ventilation
During Summer. J. Dairy Sci. 1993, 76, 430-436. [CrossRef]

Walsh, R.; Walton, J.; Kelton, D.; LeBlanc, S.; Leslie, K.; Duffield, T. The Effect of Subclinical Ketosis in Early Lactation on
Reproductive Performance of Postpartum Dairy Cows. J. Dairy Sci. 2007, 90, 2788-2796. [CrossRef]

Sheldon, I.M.; Williams, E.; Miller, A.N.; Nash, D.M.; Herath, S. Uterine diseases in cattle after parturition. Veter. J. 2008, 176,
115-121. [CrossRef]

Vercouteren, M.; Bittar, J.; Pinedo, P.; Risco, C.; Santos, J.; Neto, A.V.; Galvao, K. Factors associated with early cyclicity in
postpartum dairy cows. J. Dairy Sci. 2015, 98, 229-239. [CrossRef] [PubMed]

Saumande, J.; Humblot, P. The variability in the interval between estrus and ovulation in cattle and its determinants. Anim.
Reprod. Sci. 2005, 85, 171-182. [CrossRef]

Stevenson, J.; Hill, S.; Nebel, R.; DeJarnette, J. Ovulation timing and conception risk after automated activity monitoring in
lactating dairy cows. J. Dairy Sci. 2014, 97, 4296-4308. [CrossRef] [PubMed]

Hurnik, J.; King, G.; Robertson, H. Estrous and related behaviour in postpartum Holstein cows. Appl. Anim. Ethol. 1975, 2, 55-68.
[CrossRef]

Stevenson, J.; Smith, J.; Hawkins, D. Reproductive Outcomes for Dairy Heifers Treated with Combinations of Prostaglandin Fy,,
Norgestomet, and Gonadotropin-Releasing Hormone. J. Dairy Sci. 2000, 83, 2008-2015. [CrossRef]


http://doi.org/10.1016/j.theriogenology.2014.01.029
http://doi.org/10.3168/jds.S0022-0302(82)82223-6
http://doi.org/10.3168/jds.2015-9745
http://doi.org/10.3168/jds.S0022-0302(86)80778-0
http://doi.org/10.3168/jds.S0022-0302(02)74177-5
http://doi.org/10.3168/jds.S0022-0302(06)72520-6
http://doi.org/10.1111/j.1439-0531.2008.01168.x
http://doi.org/10.3168/jds.S0022-0302(93)77363-4
http://doi.org/10.3168/jds.2006-560
http://doi.org/10.1016/j.tvjl.2007.12.031
http://doi.org/10.3168/jds.2014-8460
http://www.ncbi.nlm.nih.gov/pubmed/25465552
http://doi.org/10.1016/j.anireprosci.2003.09.009
http://doi.org/10.3168/jds.2013-7873
http://www.ncbi.nlm.nih.gov/pubmed/24819138
http://doi.org/10.1016/0304-3762(75)90065-6
http://doi.org/10.3168/jds.S0022-0302(00)75079-X

	Introduction 
	Materials and Methods 
	Animals 
	Experimental Facilities 
	Behavioral Study 
	Fertility Study 
	Statistics 

	Results 
	Behavioral Study 
	Fertility Study 
	Treatment Effect during the Entire Experimental Period (Summer and Autumn) 
	Treatment Effect during the Autumn 


	Discussion 
	Conclusions 
	References

