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Simple Summary: Precociousness of heifers kept in mixed beef herds with young and adult bulls
leads to unwanted pregnancies. Inbreeding, premature calving followed by dystocia and a high
stillbirth rate are the consequences. As an alternative, such heifers are slaughtered during the resulting
pregnancy. The slaughtering of pregnant animals is an ethical problem, which is strongly criticized
by consumers and animal welfare organizations. Therefore, the aim of this study was to postpone
puberty in female beef calves housed in Swiss mixed herds to avoid pregnancy until scheduled
slaughter at 11 months of age. We used a vaccine (Improvac®) that induces antibody production
against sexual hormones, thereby suppressing the reproductive cycle. Monthly progesterone analysis
in blood was performed to decide whether the cycle had already started. The results proved, that
vaccinated female beef were not coming in heat until 11 months of age compared to the unvaccinated
control group, which came in heat earlier. In conclusion, vaccination with Improvac® is an animal-
friendly, non-invasive and reliable method to avoid early pregnancy in heifers as well as the slaughter
of pregnant cattle.

Abstract: Precocious puberty in beef heifers can result in unwanted pregnancies due to accidental
breeding by farm bulls. Inbreeding, premature calving followed by dystocia and a high stillbirth rate
or slaughtering of pregnant heifers are the consequences of this behaviour. The aim of the study was
to postpone puberty by using Improvac®, an anti-GnRH vaccine. Therefore, n = 25 calves were twice
vaccinated, once at the age of 5 and then at 6.5 months. n = 24 calves served as unvaccinated case
controls. The onset of puberty was assigned if progesterone analysis in the blood exceeded 1 ng/mL.
Progesterone values were excluded if the corresponding serum cortisol levels were ≥60 nmol/L.
Our target was met, as in the vaccinated group none of the calves exceeded a progesterone value
>1 ng/mL until the scheduled age of slaughter at 11 months and only 12.5% of the animals exceeded
a progesterone value of 1 ng/mL over the whole measuring period (>400 days) compared with
56.5% of the calves in the control group. In conclusion, the favourable results from our study using
the vaccine Improvac® represent an animal-friendly, non-invasive and reliable way to avoid early
pregnancy in heifers as well as the slaughter of pregnant cattle.

Keywords: cattle; anti-gonadotropin-releasing hormone (anti-GnRH); Improvac®; immunocastration;
puberty; progesterone; cortisol

1. Introduction

The herd size of beef cow-calf operations in Switzerland are small where male and
female animals of all age groups are housed together. There is often no possibility to split
up the herd (only one free stall housing available, not many different pastures per farm).
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This often leads to young heifers being inadvertently impregnated by farm bulls. Animal
welfare and ethics are of concern when these young pregnant heifers are presented at
slaughter [1]. A German cross-sectional study revealed that slaughtering pregnant cattle
is a widespread practice with many fetuses in the second or third trimesters [1]. Due
to increased consumer concern, a study in a Swiss abattoir was initiated that reported
a pregnancy prevalence of 5.67% cattle pregnant > 5 months and 0.67% 7 to 9 months
pregnant (BLV: Projekt Schlachtung von trächtigen Rindern-Prävalenz und Gründe der
Schlachtung). Based on these results from that study, at present, farmers have to declare
the pregnancy status in cows later than 5 months post-partum (p.p.) and heifers older
than 15 months when slaughtered (Proviande: Fachempfehlung zur Vermeidung des
Schlachtens von trächtigen Tieren der Rindviehgattung).

Puberty in a calf is defined as a measure of a physical development leading to sexual
maturity. In cattle, puberty mostly occurs between 8 and 12 months of age, but there is a
large variation depending on the breed [2,3]. Therefore, declaring pregnancy status at an
age > 15 months of age might be too late in early mature beef heifers. The onset of puberty
in calves is defined as the age at first ovulation and an increase in plasma progesterone con-
centrations above 1 ng/mL [4]. As rectal palpation is not feasible in calves/young heifers,
analysis of serum progesterone might be used to determine the beginning of puberty
(serum levels above 1 ng/mL [4,5]). However, it was also demonstrated in ovariectomised
cattle, that under a certain stress condition, animals might secrete additional progesterone
(1.8 ± 0.7 ng/mL) and cortisol (11.5–44.3 ng/mL (≈31.7–122.2 nmol/L)) from the adrenal
cortex [6].

In dairy heifers, the early onset of puberty is one of the breeding goals to reduce
costs for the rearing period [7]. Different studies focused on intensifying the feeding
of calves in the rearing period in order to advance the age at puberty [3,8–10]. In beef
heifers intended for slaughter, though, precocious puberty is not desired due to the risk
of unwanted pregnancy. In addition, in replacement heifers, inadequate skeletal maturity
can be a problem if the age at first calving is <24 months [11] resulting in increased rates of
dystocia [3].

If puberty in calves should irreversibly be avoided, surgical methods, such as ovariec-
tomy might be used [12,13]. As an alternative, the suppression of the hypothalamo-gonadal
axis using an anti-GnRH vaccine is an animal-friendly option that is even reversible [14–16].
Immunocastration suppresses sexual behaviour in male and female cattle, sheep, pigs and
horses [17–24]. It also reduces aggressive or undesirable behavior of pigs [25] mares [26]
and bulls [27].

Our goal was to postpone puberty in beef calves by using an anti-GnRH vaccine at 5
and 6.5 months of age compared to untreated calves from the same herd. Consequently,
the vaccinated group should not be pregnant when slaughtered at ±11 months.

2. Materials and Methods
2.1. Animals, Care and Housing

n = 49 female calves from 14 farms were included in this study (n = 24 in the control
group (C) and n = 25 in the vaccinated group (V)). The breeds were Limousin, Angus, Swiss
Fleckvieh and mixed breeds. All herds consisted of female and male calves with breeding
bulls and teaser bulls and were housed in pens with straw bedding or cubicle housing
systems. The cattle had free access to water and to pasture, depending on weather and
temperature. Diets consisted of grass, hay, corn and/or grass silage. Data were collected
from May 2019 to August 2020.

2.2. Treatment with Anti-GnRH Vaccine

Improvac® is an anti-GnRH vaccine (Zoetis Schweiz GmbH, 2800 Delémont, Switzer-
land) containing an analog of GnRH linked to a carrier protein combined with a synthetic
aqueous adjuvant (200 µg of GnRH-protein-conjugate per mL). Heifer calves in group V,
received 2 doses (initial and booster) of Improvac® 6 weeks apart (initial vaccination was at
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5 months ± 14 days). The dosage used for both the initial and the booster vaccination was
400 µg of GnRH-protein-conjugate (2 mL of Improvac®). All injections were administered
subcutaneously on the right side of the neck. In group C, the animals received 2 mL of 0.9%
saline solution subcutaneously on the right side of the neck (twice, 6 weeks apart).

All animal experimentation was performed with permission and in accordance with
Swiss law. The following approval number was allocated by the animal experimentation
commission (elected by the cantonal executive council): BE 73/19.

2.3. Including and Excluding Criteria

Calves were randomly assigned to either group (1–2 calves per group and farm).
Before the injections, the calves were subjected to basic clinical examination including rectal
body temperature, heart rate, respiratory rate, auscultation of lungs and gastrointestinal
tract, and presence of umbilical remnants. If the rectal temperature was >39.5 ◦C and/or
auscultation revealed pathological findings (bronchopneumonia, audible heart anomalies),
the respective calf was excluded. After vaccination, the injection site was inspected for
signs of tissue reaction by the farmers twice daily. If swelling was observed and if appetite
decreased (food intake subjectively judged by farmers) to ≤75% of the normal amount, the
veterinarian was notified.

2.4. Blood Sampling, Progesterone and Cortisol Values

In all calves, blood was sampled during both vaccination visits and then every 4 weeks
until slaughter or until the end of the study (4–9 samples/animal). The blood samples were
collected by venipuncture from the jugular vein or the V. caudalis mediana into serum
tubes (S-Monovetten 9 mL with Clot Activator, Sarstedt, Nümbrecht, Deutschland). After a
clotting time of 1–3 h at room temperature, samples were centrifuged (4000× g, 10 min),
and serum was then stored at −18 ◦C for later analysis. Progesterone concentration was
measured by chemiluminescence assay on an Immulite 2000 XPi (Siemens Healthcare,
Zürich, Switzerland). The analytical sensitivity was 0.1 ng/mL and the measurement range
was 0.2–40 ng/mL. The assay was performed according to the manufacturer’s instructions.
Cortisol concentration was measured by chemiluminescence assay on an Immulite 2000 XPi
(Siemens Healthcare, Zürich, Switzerland). The analytical sensitivity was 5.5 nmol/L
and the measurement range was 0.99–1380 nmol/L. The assay was performed according
to the manufacturer’s instructions. If serum cortisol levels were >60 nmol/L [28] the
corresponding serum progesterone value was excluded from further analysis.

2.5. Statistical Analysis

The primary endpoint was the number of calves not revealing a cycle at the time of
slaughter (10–12 months of age). The study was planned as a case-control study with an
assumption of 20% of the calves vaccinated confirmed in the cycle and 80% of the not
vaccinated calves in the cycle (difference 60%) and a power to be at least 80%. The number of
calves per group was calculated to be n = 25, each (resulting power = 88%). For categorical
data, the frequency of categories was determined. For metric variables, mean, median, sd,
25% and 75% quantiles, minimum and maximum were calculated. Survival times were
estimated by Kaplan–Meier estimation and compared by a frailty model because the data
were clustered within a farm. The events of a progesterone value above 1 ng/mL during
the whole measuring period were compared between the two groups with a generalised
linear mixed model. The McNemar test was applied for the frequency table whether a
vaccinated calf and a control calf within a farm had a progesterone value above 1 ng/mL
during the whole measuring period.

A p-value < 0.05 indicated a significant result. Data were analysed using the statistical
software SAS® version 9.4 (SAS Institute Inc., Cary, NC, USA).
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3. Results
3.1. Treatment with Anti-GnRH Vaccine

Age at first vaccination/placebo administration was 157 d in group V (median;
25%/75% quartiles: 151 d/164 d) compared to 159 d (148 d/169 d) in group C. Median
heart rate, respiratory rate and rectal body temperature at first and second vaccination and
duration of the period between vaccinations are listed on Table 1. Age at slaughter was
comparable in both groups (median 326 days in group V compared to 320 days in group C).

Table 1. Heart rate in beats/min; respiratory rate in breaths/min; rectal body temperature in ◦C.
Age at slaughter of n = 32 slaughtered calves available. Median values are indicated with 25%/75%
quartiles in brackets.

Parameters Improvac® (V) Control (C)

First vaccination
Heart rate 114 (85/128) 128 (104/140)

Respiratory rate 32 (28/36) 40 (36/44)
Rectal body temperature 39.0 (38.8/39.4) 39.2 (38.8/39.5)

Second vaccination
Heart rate 110 (91.5/132) 120 (84/136)

Respiratory rate 32 (28/40) 30 (28/39)
Rectal body temperature 39.0 (38.8/39.3) 38.8 (38.6/39.0)

Period between vaccination (days) 42 (39/46.5) 41 (39/47)
Age at slaughter (days) 326 (312/349.3) 320.5 (307.8/336.8)

3.2. Side Effects, Including and Excluding Criteria

Slight swelling at the injection site as is described to occur frequently after vaccination
with Improvac® [14] was not observed. Reduction of food intake ≤75% of the normal
amount judged subjectively by farmers was observed in n = 1 calf of group V for 1 day
(without elevated rectal body temperature). Retrospectively, a pair of calves (n = 1 from
group V, n = 1 from group C, same farm) had to be excluded because all measured serum
cortisol values exceeded 60 nmol/L [28]. In group V, a total of 27/169 progesterone samples
in serum had to be excluded (corresponding cortisol sample > 60 nmol/L). In group C, a
total of 15/164 progesterone samples in serum had to be excluded (corresponding cortisol
sample > 60 nmol/L [28]). The farmers in this study subjectively judged herds to be
calmer, even if only one of a pair of calves was vaccinated. They also mentioned that fewer
accidents were occurring.

3.3. Progesterone and Cortisol Values

Differences in progesterone concentrations during the study period are shown in
Figure 1a,b and Table 2. The number of calves with progesterone concentration above
1 mg/mL varied between V and C groups during the study period (p = 0.0028). In group
V only 3/24 animals (12.5%) exceeded a progesterone value of 1 ng/mL in all samples
measured (age: 346 d, 362 d, 363 d), whereas there were 13/23 (56.5%) calves in group
C with a progesterone value of >1 ng/mL, beginning at the age of 286 d. The Logrank
test (p = 0.0038) showed a highly significant difference between calves within groups V
and C, versus the duration of the period between second vaccination and progesterone
value > 1 ng/mL (Figure 2).
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Figure 1. (a) Age of the calves in group V and their progesterone values over time. The red line 
represents the progesterone value of 1 ng/mL in serum. Only three calves exceeded a progesterone 
value of 1 ng/mL. (b) Age of the calves in group C and their progesterone values over time. The red 
line represents the progesterone value of 1 ng/mL in blood. The youngest heifer exceeding the pro-
gesterone value of 1 ng/mL was 286 d old. This animal had a progesterone value of 8.7 ng/mL at the 
second injection. The corresponding cortisol value was 57.1 nmol/L and close to our threshold of 60 
nmol/L. 

Figure 1. (a) Age of the calves in group V and their progesterone values over time. The red line
represents the progesterone value of 1 ng/mL in serum. Only three calves exceeded a progesterone
value of 1 ng/mL. (b) Age of the calves in group C and their progesterone values over time. The
red line represents the progesterone value of 1 ng/mL in blood. The youngest heifer exceeding the
progesterone value of 1 ng/mL was 286 d old. This animal had a progesterone value of 8.7 ng/mL at
the second injection. The corresponding cortisol value was 57.1 nmol/L and close to our threshold of
60 nmol/L.

Table 2. The McNemar test for the frequency table whether a vaccinated calf and a control calve
within a farm had a progesterone value above 1 ng/mL during the whole measuring period revealed
a significant difference (p = 0.0047).

Progesterone (C) Progesterone (V)

0 1 Total
0 3 0 3
1 8 2 10

Total 11 2 13
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Different studies already proved cycle suppression in adult cows [14,15,29,30] and reduc-
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Figure 2. Kaplan–Meyer graph representing calves within groups V (blue) and C (red), versus the
duration of the period between second vaccination and progesterone value > 1 ng/mL (Logrank test
p = 0.0038) including the confidence limits of these data. + means censored data (calves slaughtered).

Median (25th/75th quartiles) cortisol values with included progesterone values in
group V and C were 18.4; 8.4/35.3 nmol/L and 21.5; 8/36.9 nmol/L, respectively. Cortisol
values with excluded progesterone values (>60 nmol/L) in group V and C were 97.7
(81/115.8) nmol/L and 86.8 (65.8/108.8) nmol/L, respectively.

3.4. Age at Slaughter

The target age at the slaughter of the calves of this study was 11 months. In group V
n = 16 calves were slaughtered at 326 days (median), but there were n = 7 animals slaugh-
tered at a median age of 617 days (1 animal still alive). In group C, n = 17 calves were
slaughtered at 320.5 days (median), but there were n = 4 animals slaughtered at a median
age of 603 days (3 animals still alive). The reason for keeping these animals longer was due
to better meat prices (special meat label).

4. Discussion

Our objective was achieved since none of the calves in group V exceeded a proges-
terone value > 1 ng/mL until the age of 11 months (scheduled age of slaughter). Further-
more, only 12.5% of the animals in group V exceeded a progesterone value of 1 ng/mL
during the entire period of measurement compared with 56.5% of the calves in group C.
Different studies already proved cycle suppression in adult cows [14,15,29,30] and reduc-
tion of serum levels of testosterone in bulls resulting in decreased sexual and aggressive
behaviour [20,31–33]. The most simple and reliable parameter for clinical veterinarians
in the field to predict a return to estrus after vaccination was the discovery of class III
follicles (>9 mm) [14,34]. However, in growing calves, rectal palpation is not feasible.
Different authors relied on progesterone values to define the beginning of puberty [4,35].
Progesterone values, however, are not reliable if concomitant cortisol values in serum
are high (>60 nmol/L [28]), as cortisol and progesterone then originate from the adrenal
glands. This was demonstrated in dehorned steers [36], white-tailed deer [37] and also in a
cold stress test in women [38]. We therefore included only progesterone values if cortisol
values were ≤60 nmol/L [28]. Weekly or biweekly progesterone analyses would have been
preferable. The decision for blood sampling every 4 weeks was a concession to logistics
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and the farmers’ time expenditure and the risk of handling the animals living in herds. It
cannot be excluded that a progesterone value > 1 ng/mL was possibly missed.

Vaccination with an anti-GnRH vaccine of very young animals (2, 6 and 13 weeks of
age) could not postpone the age of puberty in cattle (52–54 weeks) compared to unvacci-
nated control animals [30]. Alternatively, some studies were performed in older heifers
with a bodyweight of 230–480 kg [29,39,40], which was too late for the objective of our
study. We decided to vaccinate calves at 5 and 6.5 months of age intending to postpone their
puberty until the age of 11 months. If heifers are kept longer on farms, a third vaccination
should be performed to extend the time until the beginning of puberty (as performed
in cattle to extend the period of cycle suppression [16]), but this was not in the present
study’s perspective. The influence of the presence of bulls on age at puberty was another
discussion point, as there were adult bulls in all farms included. Neither a study in young
heifers (140–402 d of age) [41] nor in heifers of 287 d of age [42] indicated that the presence
of an adult bull altered the incidence of precocious puberty.

The vaccine Improvac® was used, as in Europe the cattle-specific vaccine Bopriva® is
not allowed due to the preservative Thiomersal. Therefore, the use of Improvac® (preser-
vative Chlorocresol) was allowed for cattle by the Institute of Virology and Immunology
(responsible for the approval and monitoring of animal vaccines and immune sera for use
in veterinary medicine in Switzerland).

In Switzerland, the number of beef cows is increasing compared to the decreasing
number of dairy cows (Agristat–Statistik der Schweizer Landwirtschaft 2021). Therefore,
an increasing number of pregnant young heifers at slaughter is expected. Additionally,
interactions among animals in heat can lead to accidents and impair carcass quality [43]. It
was described that cattle during estrus were mounted four times in stables and seven times
in pasture [44]. Farmers stated that with an increasing number of heifers in heat, herds
were more restless, suffered more injuries and were more difficult to handle. In conclusion,
the favourable results from our study represent a step forward in solving this problem in
an animal-friendly, non-invasive and reliable way to avoid early pregnancy in heifers as
well as the slaughter of pregnant cattle.

Author Contributions: Methodology, investigation and original draft preparation: J.S.; review and
editing: J.R.; methodology and review: A.S.; laboratory analyses and interpretation: E.R.; data
curation and statistical analysis: J.H.; supervision and editing: G.H. All authors have read and agreed
to the published version of the manuscript.

Funding: For this research, Zoetis Schweiz GmbH, 2800 Delémont provided the vaccine Improvac®.

Institutional Review Board Statement: All animal experimentation was performed with permission
and in accordance with Swiss law (Nr. BE 73/19).

Informed Consent Statement: Not applicable.

Data Availability Statement: Excel tables including all data are available at the corresponding author.
Statistical analyses are available at the corresponding author.

Acknowledgments: The authors thank all farmers for their time and support and the colleagues of
the Nutztierpraxis Rudolph AG for their help and goodwill.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1. Maurer, P.; Lucker, E.; Riehn, K. Slaughter of pregnant cattle in German abattoirs—Current situation and prevalence: A cross-

sectional study. BMC Vet. Res. 2016, 12, 91. [CrossRef]
2. Heslin, J.; Kenny, D.A.; Kelly, A.K.; McGee, M. Age at puberty and pregnancy rate in beef heifer genotypes with contrasting

nutritional intake from 8 to 13 months of age. Anim. Reprod. Sci. 2020, 212, 106221. [CrossRef]
3. Wathes, D.C.; Pollott, G.E.; Johnson, K.F.; Richardson, H.; Cooke, J.S. Heifer fertility and carry over consequences for life time

production in dairy and beef cattle. Animal 2014, 8, 91–104. [CrossRef]

http://doi.org/10.1186/s12917-016-0719-3
http://doi.org/10.1016/j.anireprosci.2019.106221
http://doi.org/10.1017/S1751731114000755


Animals 2021, 11, 2071 8 of 9

4. Evans, A.C.; Rawlings, N.C. Effects of treatment with LH and FSH between 8 and 12 weeks of age on ovarian follicular
development and puberty in heifers. Theriogenology 1995, 44, 725–740. [CrossRef]

5. Madgwick, S.; Evans, A.C.O.; Beard, A.P. Treating heifers with GnRH from 4 to 8 weeks of age advanced growth and the age at
puberty. Theriogenology 2005, 63, 2323–2333. [CrossRef]

6. Hollenstein, K.; Janett, F.; Bleul, U.; Hässig, M.; Kähn, W.; Thun, R. Influence of estradiol on adrenal activity in ovariectomized
cows during acute stress. Anim. Reprod. Sci. 2006, 93, 292–302. [CrossRef] [PubMed]

7. Perry, G.A.; Cushman, R. Effect of age at puberty/conception date on cow longevity. Vet. Clin. N. Am. Food Anim. Pract. 2013, 29,
579–590. [CrossRef]

8. Kenny, D.A.; Heslin, J.; Byrne, C.J. Early onset of puberty in cattle: Implications for gamete quality and embryo survival. Reprod.
Fertil. Dev. 2017, 30, 101–117. [CrossRef]

9. Bruinje, T.C.; Rosadiuk, J.P.; Moslemipur, F.; Carrelli, J.E.; Steele, M.A.; Ambrose, D.J. Carryover effects of pre and postweaning
planes of nutrition on reproductive tract development and estrous cycle characteristics in Holstein heifers. J. Dairy Sci. 2019, 102,
10514–10529. [CrossRef]

10. Gasser, C.L.; Behlke, E.J.; Grum, D.E.; Day, M.L. Effect of timing of feeding a high-concentrate diet on growth and attainment of
puberty in early-weaned heifers. J. Anim. Sci. 2006, 84, 3118–3122. [CrossRef]

11. Hansen, M.; Misztal, I.; Lund, M.S.; Pedersen, J.; Christensen, L.G. Undesired phenotypic and genetic trend for stillbirth in Danish
Holsteins. J. Dairy Sci. 2004, 87, 1477–1486. [CrossRef]

12. Bleul, U.; Hollenstein, K.; Kähn, W. Laparoscopic ovariectomy in standing cows. Anim. Reprod. Sci. 2005, 90, 193–200. [CrossRef]
13. Habermehl, N.L. Heifer ovariectomy using the Willis spay instrument: Technique, morbidity and mortality. Can. Vet. J. 1993, 34,

664.
14. Balet, L.; Janett, F.; Hüsler, J.; Piechotta, M.; Howard, R.; Amatayakul-Chantler, S.; Steiner, A.; Hirsbrunner, G. Immunization

against gonadotropin-releasing hormone in dairy cattle: Antibody titers, ovarian function, hormonal levels, and reversibility. J.
Dairy Sci. 2014, 97, 2193–2203. [CrossRef]

15. Hirsbrunner, G.; Rigert, S.; Janett, F.; Hüsler, J.; Schnydrig, P.; Lopez, E.; Amatayakul-Chantler, S.; Steiner, A. Immunization
against GnRF in adult cattle: A prospective field study. BMC Vet. Res. 2017, 13, 208. [CrossRef]

16. Schmid, R.; Studer, E.; Hirsbrunner, G. Oestrus suppression in a dairy herd by means of anti-GnRH vaccination Improvac (R): A
prospective field study. Schweiz Arch. Tierheilkd 2020, 162, 93–100. [CrossRef] [PubMed]

17. Finnerty, M.; Enright, W.J.; Roche, J.F. Testosterone, LH and FSH episodic secretory patterns in GnRH-immunized bulls. J. Reprod.
Fertil. 1998, 114, 85–94. [CrossRef]

18. Cook, R.B.; Popp, J.D.; Kastelic, J.P.; Robbins, S.; Harland, R. The effects of active immunization against GnRHon testicular
development, feedlot performance, and carcass characteristics of beef bulls. J. Anim. Sci. 2000, 78, 2778–2783. [CrossRef]

19. Thompson, D.L. Immunization against GnRH in male species (comparative aspects). Anim. Reprod. Sci. 2000, 60–61, 459–469.
[CrossRef]

20. Janett, F.; Gerig, T.; Tschuor, A.C.; Amatayakul-Chantler, S.; Walker, J.; Howard, R.; Piechotta, M.; Bollwein, H.; Hartnack, S.;
Thun, R. Effect of vaccination against gonadotropin-releasing factor (GnRF) with Bopriva(R) in the prepubertal bull calf. Anim.
Reprod. Sci. 2012, 131, 72–80. [CrossRef]

21. Janett, F.; Lanker, U.; Jörg, H.; Hässig, M.; Thun, R. Die Kastration männlicher Lämmer mittels Immunisierung gegen GnRH.
Schweiz Arch. Tierheilkd 2003, 145, 291–299. [CrossRef]

22. Turkstra, J.A.; van der Meer, F.J.; Knaap, J.; Rottier, P.J.; Teerds, K.J.; Colenbrander, B.; Meloen, R.H. Effects of GnRH immunization
in sexually mature pony stallions. Anim. Reprod. Sci. 2005, 86, 247–259. [CrossRef]

23. Dalin, A.M.; Andresen, O.; Malmgren, L. Immunization against GnRH in mature mares: Antibody titres, ovarian function,
hormonal levels and oestrous behaviour. J. Vet. Med. A Physiol. Pathol. Clin. Med. 2002, 49, 125–131. [CrossRef]

24. Elhay, M.; Newbold, A.; Britton, A.; Turley, P.; Dowsett, K.; Walker, J. Suppression of behavioural and physiological oestrus in the
mare by vaccination against GnRH. Aust. Vet. J. 2007, 85, 39–45. [CrossRef] [PubMed]

25. Rydhmer, L.; Lundstrom, K.; Andersson, K. Immunocastration reduces aggressive and sexual behaviour in male pigs. Animal
2010, 4, 965–972. [CrossRef] [PubMed]

26. Wenzinger, B.; Kähn, W.; Bleul, U. Einsatz einer GnRH-Vakzine bei Stute und Hengst zur Beeinflussung von unerwünschtem
Verhalten: Eine retrospektive Studie von 31 Fällen. Schweiz Arch. Tierheilkd 2010, 152, 373–377. [CrossRef]

27. Janett, F.; Gerig, T.; Tschuor, A.C.; Amatayakul-Chantler, S.; Walker, J.; Howard, R.; Bollwein, H.; Thun, R. Vaccination against
gonadotropin-releasing factor (GnRF) with Bopriva significantly decreases testicular development, serum testosterone levels and
physical activity in pubertal bulls. Theriogenology 2012, 78, 182–188. [CrossRef] [PubMed]

28. Kim, J.H.; Mamuad, L.L.; Yang, C.J.; Kim, S.H.; Ha, J.K.; Lee, W.S.; Cho, K.K.; Lee, S.S. Hemato-biochemical and cortisol profile of
holstein growing-calves supplemented with vitamin C during summer season. Asian Australas. J. Anim. Sci. 2012, 25, 361–368.
[CrossRef] [PubMed]

29. Bell, M.; Daley, C.A.; Berry, S.L.; Adams, T.E. Pregnancy status and feedlot performance of beef heifers actively immunized
against gonadotropin-releasing hormone. J. Anim. Sci. 1997, 75, 1185–1189. [CrossRef]

30. Hernandez-Medrano, J.H.; Williams, R.W.; van Drunen Littel-van den Hurk, S.; Peters, A.R.; Hannant, D.; Campbell, B.K.; Webb,
R. Early postnatal immunisation against gonadotrophin-releasing hormone induces a high but differential immune response in
heifer calves. Res. Vet. Sci. 2013, 95, 472–479. [CrossRef]

http://doi.org/10.1016/0093-691X(95)00252-4
http://doi.org/10.1016/j.theriogenology.2004.10.011
http://doi.org/10.1016/j.anireprosci.2005.08.009
http://www.ncbi.nlm.nih.gov/pubmed/16191466
http://doi.org/10.1016/j.cvfa.2013.07.011
http://doi.org/10.1071/RD17376
http://doi.org/10.3168/jds.2019-16249
http://doi.org/10.2527/jas.2005-676
http://doi.org/10.3168/jds.S0022-0302(04)73299-3
http://doi.org/10.1016/j.anireprosci.2005.01.022
http://doi.org/10.3168/jds.2013-7602
http://doi.org/10.1186/s12917-017-1129-x
http://doi.org/10.17236/sat00245
http://www.ncbi.nlm.nih.gov/pubmed/32004139
http://doi.org/10.1530/jrf.0.1140085
http://doi.org/10.2527/2000.78112778x
http://doi.org/10.1016/S0378-4320(00)00116-0
http://doi.org/10.1016/j.anireprosci.2012.02.012
http://doi.org/10.1024/0036-7281.145.6.291
http://doi.org/10.1016/j.anireprosci.2004.07.010
http://doi.org/10.1046/j.1439-0442.2002.00427.x
http://doi.org/10.1111/j.1751-0813.2006.00092.x
http://www.ncbi.nlm.nih.gov/pubmed/17300452
http://doi.org/10.1017/S175173111000011X
http://www.ncbi.nlm.nih.gov/pubmed/22444270
http://doi.org/10.1024/0036-7281/a000085
http://doi.org/10.1016/j.theriogenology.2012.01.035
http://www.ncbi.nlm.nih.gov/pubmed/22541323
http://doi.org/10.5713/ajas.2011.11438
http://www.ncbi.nlm.nih.gov/pubmed/25049574
http://doi.org/10.2527/1997.7551185x
http://doi.org/10.1016/j.rvsc.2013.05.014


Animals 2021, 11, 2071 9 of 9

31. Amatayakul-Chantler, S.; Jackson, J.A.; Stegner, J.; King, V.; Rubio, L.M.; Howard, R.; Lopez, E.; Walker, J. Immunocastration of Bos
indicus x Brown Swiss bulls in feedlot with gonadotropin-releasing hormone vaccine Bopriva provides improved performance
and meat quality. J. Anim. Sci. 2012, 90, 3718–3728. [CrossRef] [PubMed]

32. D’Occhio, M.J.; Aspden, W.J.; Trigg, T.E. Sustained testicular atrophy in bulls actively immunized against GnRH: Potential to
control carcase characteristics. Anim. Reprod. Sci. 2001, 66, 47–58. [CrossRef]

33. Marti, S.; Devant, M.; Amatayakul-Chantler, S.; Jackson, J.A.; Lopez, E.; Janzen, E.D.; Schwartzkopf-Genswein, K.S. Effect of
anti-gonadotropin-releasing factor vaccine and band castration on indicators of welfare in beef cattle. J. Anim. Sci. 2015, 93,
1581–1591. [CrossRef] [PubMed]

34. Moreira, F.; delaSota, R.L.; Diaz, T.; Thatcher, W.W. Effect of day of the estrous cycle at the initiation of a timed artificial
insemination protocol on reproductive responses in dairy heifers. J. Anim. Sci. 2000, 78, 1568–1576. [CrossRef]

35. Stevens, J.D.; Sosa, J.M.; deAvila, D.M.; Oatley, J.M.; Bertrand, K.P.; Gaskins, C.T.; Reeves, J.J. Luteinizing hormone-releasing
hormone fusion protein vaccines block estrous cycle activity in beef heifers. J. Anim. Sci. 2005, 83, 152–159. [CrossRef]

36. Cooper, C.; Evans, A.C.O.; Cook, S.; Rawlings, N.C. Cortisol, progesterone and β-endorphin response to stress in calves. Can. J.
Anim. Sci. 1995, 75, 363. [CrossRef]

37. Plotka, E.D.; Verme, L.J.; Ozoga, J.J. The adrenal-gland in white-tailed deer—A significant source of progesterone. J. Wildl. Manag.
1983, 47, 38–44. [CrossRef]

38. Herrera, A.Y.; Nielsen, S.E.; Mather, M. Stress-induced increases in progesterone and cortisol in naturally cycling women.
Neurobiol. Stress 2016, 3, 96–104. [CrossRef]

39. Prendiville, D.J.; Enright, W.J.; Crowe, M.A.; Finnerty, M.; Hynes, N.; Roche, J.F. Immunization of heifers against gonadotropin-
releasing hormone: Antibody titers, ovarian function, body growth, and carcass characteristics. J. Anim. Sci. 1995, 73, 2382–2389.
[CrossRef] [PubMed]

40. Johnson, H.E.; DeAvila, D.M.; Chang, C.F.; Reeves, J.J. Active immunization of heifers against luteinizing hormone-releasing
hormone, human chorionic gonadotropin and bovine luteinizing hormone. J. Anim. Sci. 1988, 66, 719–726. [CrossRef]

41. Wehrman, M.E.; Kojima, F.N.; Sanchez, T.; Mariscal, D.V.; Kinder, J.E. Incidence of precocious puberty in developing beef heifers.
J. Anim. Sci. 1996, 74, 2462–2467. [CrossRef] [PubMed]

42. Roberson, M.S.; Ansotegui, R.P.; Berardinelli, J.G.; Whitman, R.W.; McInerney, M.J. Influence of biostimulation by mature bulls on
occurrence of puberty in beef heifers. J. Anim. Sci. 1987, 64, 1601–1605. [CrossRef] [PubMed]

43. Mach, N.; Bach, A.; Realini, C.E.; Font, I.F.M.; Velarde, A.; Devant, M. Burdizzo pre-pubertal castration effects on performance,
behaviour, carcass characteristics, and meat quality of Holstein bulls fed high-concentrate diets. Meat. Sci. 2009, 81, 329–334.
[CrossRef] [PubMed]

44. Palmer, M.A.; Olmos, G.; Boyle, L.A.; Mee, J.F. Estrus detection and estrus characteristics in housed and pastured Holstein-Friesian
cows. Theriogenology 2010, 74, 255–264. [CrossRef] [PubMed]

http://doi.org/10.2527/jas.2011-4826
http://www.ncbi.nlm.nih.gov/pubmed/22665672
http://doi.org/10.1016/S0378-4320(01)00091-4
http://doi.org/10.2527/jas.2014-8346
http://www.ncbi.nlm.nih.gov/pubmed/26020180
http://doi.org/10.2527/2000.7861568x
http://doi.org/10.2527/2005.831152x
http://doi.org/10.4141/cjas95-029
http://doi.org/10.2307/3808050
http://doi.org/10.1016/j.ynstr.2016.02.006
http://doi.org/10.2527/1995.7382382x
http://www.ncbi.nlm.nih.gov/pubmed/8567476
http://doi.org/10.2527/jas1988.663719x
http://doi.org/10.2527/1996.74102462x
http://www.ncbi.nlm.nih.gov/pubmed/8904715
http://doi.org/10.2527/jas1987.6461601x
http://www.ncbi.nlm.nih.gov/pubmed/3597174
http://doi.org/10.1016/j.meatsci.2008.08.007
http://www.ncbi.nlm.nih.gov/pubmed/22064171
http://doi.org/10.1016/j.theriogenology.2010.02.009
http://www.ncbi.nlm.nih.gov/pubmed/20451993

	Introduction 
	Materials and Methods 
	Animals, Care and Housing 
	Treatment with Anti-GnRH Vaccine 
	Including and Excluding Criteria 
	Blood Sampling, Progesterone and Cortisol Values 
	Statistical Analysis 

	Results 
	Treatment with Anti-GnRH Vaccine 
	Side Effects, Including and Excluding Criteria 
	Progesterone and Cortisol Values 
	Age at Slaughter 

	Discussion 
	References

