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Abstract
Background  The administration of a gonadotropin releasing factor (GnRF) analog to pigs has proven to induce 
antibodies against endogenous GnRF. In gilts (young female pigs), the subsequent blocking of GnRF activity by 
specific antibodies results in a temporary suppression of ovarian activity and sexual maturation. One pre-clinical and 
two clinical studies were conducted to assess the ability of the GnRF analog to produce immunologically suppression 
of the ovarian function, preventing gilts from reaching puberty before harvest, at 27 weeks of age.

Results  In the three studies, a significant reduction of size and weight of reproductive organs and gilts in oestrus was 
demonstrated in vaccinated gilts compared with intact gilts. A significant increase in anti-GnRF antibody levels in sera 
was observed after the 2nd dose, which lasted until the end of the study in each of the protocols used. Progesterone 
levels were significantly reduced from 6 to 8 weeks after 2nd vaccination in clinical studies 2 and 1 respectively, and 
from 6 weeks after 2nd vaccination in the pre-clinical study. Estradiol levels were below the limit of detection for 
clinical study 2 and significantly reduced in vaccinated gilts at the end of the pre-clinical study and the clinical study 1.

Conclusions  Vaccination of gilts with a GnRF analog with two different protocols (1st dose from 10 to 14 weeks of 
age, and a 2nd dose 8 or 4 weeks later) was effective in reducing the development of puberty for at least 9 weeks post 
2nd dose. These results confirm the flexibility of vaccination programs for veterinarians and producers which can be 
adapted to pig management practices in commercial farms.
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Background
Several million entire male pigs are raised every year in 
Europe. Commingling entire male and female pigs in fat-
tening pens is a common practice. In mix gender pens, 
entire male pigs display mounting behaviors as they 
mature sexually, which may result in injuries, broken 
legs, skin lesions, and reduction of carcass quality [1–
3]. Moreover, there is a risk for unwanted pregnancies. 
Physical castration of young male piglets is also the most 
common practice to deal with the problem of boar taint 
in entire male pigs, which is caused by androsterone and 
skatole. As a side-effect, it also handles the challenges 
related to entire male pig behavior and unwanted preg-
nancies. It is commonly performed in male pigs, but in 
some regions like the south of Spain where Iberian pigs 
are raised in outdoor extensive conditions [4], it has been 
performed in young female pigs. In many cases, physi-
cal castration is still carried out without pain treatment 
and/or anesthesia [5], and it has become an animal wel-
fare issue increasing general public concerns regarding 
the pain associated with traditional physical castration. 
Therefore, alternatives have been developed, like immu-
nocastration, an immunization against GnRF.

The gonadotropin releasing factor (GnRF), also known 
as gonadotropin releasing hormone (GnRH), is a 10 
amino acid-long peptide produced in the hypothalamus 
that stimulates the synthesis and release of the follicular-
stimulating hormone (FSH) and the luteinizing hormone 
(LH) from the anterior pituitary gland. In males as well 
as females, FSH and LH are the key gonadotrophic hor-
mones that regulate the testicular and ovarian develop-
ment and function respectively, with these endocrine 
mechanisms being highly conserved across mammals 
and most vertebrates [6, 7]. Blocking the endogenous 
GnRF with anti-GnRF antibodies causes hypothalamic 
hypogonadism and inhibits sexual maturation and func-
tion in males and females across mammalian species 
[8–11].

There are some anti-GnRF commercial vaccines [12] 
available that are authorized for use in males as an alter-
native to physical castration for the reduction of boar 
taint, and to reduce aggressive and sexual behaviors. 
However, until recently, there were no anti-GnRF vac-
cines commercially available authorized for an equivalent 
use in females in Europe. The only exception was a prod-
uct solely for use in Iberian female pigs [9].

To assess the ability of anti-GnRF vaccine to prevent 
sexual behavior (standing oestrus) in gilts destined for 
slaughter, three different studies were conducted: a pre-
clinical efficacy study and two clinical studies to assess 
the efficacy of an anti-GnRF analog in suppressing ovar-
ian function and puberty in gilts slaughtered at 26 or 27 
weeks of age.

Methods
Ethics statement
The pre-clinical study was conducted in the facilities 
of Zoetis Manufacturing & Research Spain S.L. (Olot, 
Spain), whereas the two clinical studies were conducted 
at a commercial farm representative of the pig industry in 
Belgium (ILVO, Melle, Belgium). All experimental proce-
dures were approved by the Zoetis Animal Welfare Com-
mittee and the competent authorities.

Animals and experimental design
All studies were performed double blinded. The pre-clin-
ical study was performed earlier in time with a reduced 
number of animals and in a control environment, where 
safety and efficacy parameters were evaluated. Clinical 
studies were performed later, in farm conditions, with a 
larger number of animals evaluating only efficacy param-
eters. For the purpose of this article, only the efficacy 
parameters were discussed, in order to compare the three 
studies.

Pre-clinical study (Fig. 1A1, 1A2): fifty-seven clinically 
healthy, cross-bred gilts were enrolled at 56 days of age 
(8 weeks of age) and randomly allocated to one of three 
treatments (control, early priming [Fig. 1A] or late prim-
ing [Fig.  1B]). All animals were vaccinated at 8, 14 and 
18 weeks of age either with saline or with the anti-GnRF 
analog (Improvac®, Zoetis Belgium SA, Belgium; 306 μg/
dose). Control animals always received saline. Early 
priming animals were vaccinated with anti-GnRF analog 
at 8 and 18 weeks of age and with saline at 14 weeks of 
age; and late priming gilts with saline at 8 weeks of age 
and with anti-GnRF analog at 14 and 18 weeks of age. 
All treatment groups were commingled throughout the 
study. Vaccination was performed with 2 mL of either 
saline or anti-GnRF analog (Improvac®, Zoetis Belgium 
SA, Belgium) subcutaneously with a 16 G ¾ needle and 
a Simcro Sekurus safety device (Simcro, UK). They were 
administered in the right upper side of the neck, left side 
of the neck, and right lower side of the neck for the 1st, 
2nd and 3rd administration respectively.

Clinical studies 1 and 2 (Fig.  1B C): clinical study 1 
enrolled eighty fattening cross-bred gilts, and clinical 
study 2 enrolled forty fattening cross-bred gilts. In both 
studies, gilts were randomly allocated into two treat-
ment groups (control or anti-GnRF analog). Two doses 
of anti-GnRF analog or saline were administered at two 
different inter-dose intervals (IDI): 14 and 18 weeks of 
age (clinical study 1: four-week IDI), or 10 and 18 weeks 
of age (clinical study 2: eight-week IDI). Both treatment 
groups were commingled throughout the studies. Vacci-
nation was performed with 2 mL of either saline or anti-
GnRF analog subcutaneously with a 16 G ¾ needle and 
a Simcro Sekurus safety device (Simcro, UK). They were 
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administered in the right side of the neck, and left side of 
the neck for the 1st and 2nd administration respectively.

All animals were fed with an age-appropriate feed, and 
both feed and water were provided ad libitum.

Measurements and sample collection
Oestrus detection: gilts were observed three times per 
week for signals of oestrus from two weeks after the last 
administration until the end of each study (26 weeks of 
age for the pre-clinical study, and 27 weeks of age for the 
clinical studies). Animals from each pen were moved to 
a central area, where 1 out of 3 adult boars was present. 
Boars were alternated per oestrus check. After a 5-min-
ute accustoming period, signs of standing oestrus were 
checked with every gilt. Oestrus detection was assessed 
by rubbing the flank and pressing the back of the gilt in 
the presence of the boar. Gilts were deemed to be in oes-
trus when they remained in standing response, immobile 
with arched back, and cocked ears.

Serum collection: Blood samples were collected before 
each vaccination and then approximately every two 

weeks post 2nd vaccination until the end of the study for 
the pre-clinical and clinical study 2. For clinical study 1, 
blood samples were taken before each vaccination and 
then every 28 days until the end of the study (included). 
Blood samples were kept for at least two hours at room 
temperature and then centrifuged for ten minutes at 
2500  g ± 100  g at room temperature. The serum was 
stored at -80 ± 10ºC until further analysis.

Reproductive tract examination: at the end of each 
study, at slaughter, the uteri and ovaries were removed 
and weighed, and the length of the uterine horns was 
recorded. Each ovary was scored in relation with the size 
of the developing follicles and corpus luteum. The scor-
ing system used: 0 (no follicles); 1 (immature follicles, 
3–4 mm); 2 (mature follicles, 5–11 mm); and 3 (mature 
follicles and luteal tissue).

Laboratory methods
Anti-GnRF antibodies in serum: measured with a non-
competitive ELISA test [9], which uses GnRF peptide as 
the capture phase. Dilutions of pig sera were added to 

Fig. 1  Experimental design of the studies including timing of vaccination (safety gun), blood sampling (blood tube), oestrus detection, and slaughter 
(pig icon) and: (A) pre-clinical study (n = 57) with early (A1) and late priming (A2), (B) the 1st clinical study with late priming (n = 80), and (C) 2nd clinical 
study with early priming (n = 40)
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plates coated with GnRF peptide. After several washes, 
the plates were incubated with horseradish peroxidase-
labeled anti-swine immunoglobulin. Finally, 3,3’,5,5’-tet-
ramethylbenzidine substrate was added. After a short 
incubation time, the enzyme reaction was stopped, and 
the color generated was measured spectrophotometri-
cally. The amount of color produced was directly propor-
tional to the level of antibodies present in the sample. The 
limit of quantification (18.56 U/mL) had been previously 
determined in a validation study. The analysis was per-
formed in the facilities of Zoetis Inc. (Kalamazoo, USA).

Progesterone and estradiol levels in serum: analyzed 
by High Performance Liquid Chromatography (HPLC) 
– Mass Spectrometry (MS/MS) method. Progesterone-
D9 and Estradiol-D3 were used as internal standards and 
swine serum as the matrix. The analytical range was from 
10.0 to 10,000 pg/mL for both. The analyses were per-
formed in the facilities of Zoetis Inc (Kalamazoo, USA).

Statistical analysis
Data summaries and analyses were performed with a 
centralized data management system (SAS/STAT User’s 
Guide V. 9.4, SAS Institute, Cary, NC, USA). The individ-
ual animal was the experimental unit for all the statistical 
analyses.

The weight of the uterus, the sum of the weight of both 
ovaries and mean uterine horn length were analysed 
using a general linear mixed model. The fixed effect in the 
model was the treatment. The random effects were batch 
(for the clinical studies), block within batch (for the clini-
cal studies) and residual. Treatment least squares mean, 
standard errors, 95% confidence interval, minimums 
and maximums were calculated. Contrasts were used to 
compare treatments within each study. Frequency distri-
butions of follicle sizes (scores) were calculated for each 
treatment group within each study.

The presence or absence of at least one standing oes-
trus post-last vaccination (2nd for the clinical studies 
and last administration for the pre-clinical study) was 
analysed using the Cochran-Armitage test adjusting for 

block. Frequency distributions of the variable were calcu-
lated for each treatment group. Treatments within study 
were compared using a contrast.

At each time point, the proportions of pigs with anti-
GnRF titers below the level of quantification in each 
treatment group were calculated. The data was loga-
rithm transformed prior to analysis and then analyzed 
using a general linear mixed model for repeated mea-
sures, with treatment, time point and their interaction 
as fixed effects, and random effects of batch (for the 
clinical studies), block within batch (for clinical studies), 
animal within batch (for the clinical studies), block and 
treatment, and residual. Treatment comparisons within 
study were made at each time point using contrasts. 
For animals with GnRF antibody titers below the level 
of quantification, these were defined as half the level of 
quantification and included in the analyses. The treat-
ment least squares means, standard error and 95% con-
fidence intervals were back-transformed for each time 
point. Treatment minimums and maximums were also 
calculated for each time point.

The number and percentage of pigs with levels below 
the limit of quantification for progesterone and estradiol 
were calculated for each treatment and each time point. 
The progesterone and estradiol levels were analysed the 
same way as the anti-GnRF values except that they were 
not transformed.

Results
Reproductive tract
In all studies, either with the early priming or the late 
priming program, gilts vaccinated with anti-GnRF analog 
had significantly reduced uterus weight, horn length and 
ovarian weight (P < 0.05) compared with their respective 
control animals (Table 1).

In the pre-clinical study, most control gilts had mature 
follicles with (score 3, 78.0%) or without luteal tissue 
(score 2, 22.0%) whereas in the vaccinated groups most of 
the ovaries had immature (score 1, 41.0% early priming, 
20.0% late priming) or no follicles (score 0, 43.0% early 

Table 1  Summary or reproductive tract variables by study and treatment group
Study Pre-clinical (n = 57) Clinical study 1 (n = 80) Clinical study 2 (n = 40)
Treatment Control Early priming Late priming Control Late priming Control Early priming
Uterus weight (g) 698 ± 55 163 ± 54* 61 ± 55* 262 ± 48 71 ± 48¥ 270 ± 37 55 ± 30ψ
Horn length (mm) 745 ± 82 329 ± 45* 258 ± 55 911 ± 91 487 ± 109¥ 765 ± 71 377 ± 49ψ
Ovarian weight (g) 14,6 ± 1,03 4,6 ± 0,99* 2,3 ± 0,36* 10 ± 1,3 3,4 ± 1,3¥ 11,0 ± 0,9 3,2 ± 1,2ψ
Follicle size score (%) 0 2 43 80 0 90.48 0 96.23

1 0 41 20 28.57 0 35.82 0
2 22 3 0 14.29 0 19.4 0
3 78 14 0 57.14 9.52 44.78 3.77

SE: Standard error; *Significantly different (P < 0.001) from control animals in the pre-clinical study; ¥ Significantly different (P = 0.014 for uterus weight; P = 0.013 for 
horn length; and P = 0.023 for ovarian weight) from control animals in the 1st clinical study

ψ Significantly different (P < 0.001 for all parameters) from control animals in the 2nd clinical study

Follicle size score: 0 = no follicles; 1 = immature; 2 = mature; 3 = mature and luteal tissue
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priming, 80.0% late priming) at all. In the clinical studies, 
71.4% and 64.2% of control gilts respectively had mature 
follicles with or without luteal tissue whereas 90.5% and 
96.2% of the vaccinated animals had no follicles.

Standing oestrus
Significant differences were observed between the vac-
cinated groups and their corresponding control group in 
standing oestrus. In the pre-clinical study 15.8% and 0% 
of the early and late priming animals respectively showed 
oestrus compared with 83.3% of gilts of the control group 
(P < 0.0001). In the 1st clinical study 11.1% of late prim-
ing gilts showed oestrus compared to 40.0% in control 
gilts (P = 0.0349). Finally, none of the early primed gilts 
showed oestrus whereas 22.5% of the control gilts did in 
the 2nd clinical study (P = 0.0029).

Anti-GnRF antibodies
No significant differences in anti-GnRF antibodies in 
serum were observed between treatments before 1st vac-
cination in any of the studies. Significant differences were 
observed from the 1st sampling after the 1st anti-GnRF 
analog vaccination (14 weeks of age for early priming 
treatment in the pre-clinical study, and from 18 weeks of 
age for the late priming treatment form the pre-clinical 
study and both clinical studies), until the end of the study. 
The anti-GnRF antibody results for the pre-clinical study 
are represented in Fig. 3A (P < 0.001 compared with con-
trol group); clinical study 1 in Fig. 3B (P < 0.001); and clin-
ical study 2 in Fig. 3C (P < 0.001).

Progesterone levels
In all three studies, there were no significant differences 
in serum progesterone concentrations between treatment 
groups from 14 until 22 weeks of age. For the pre-clinical 
study, early and late primed gilts had significantly lower 
progesterone concentrations at 24 and 26 weeks of age 

(P = 0.017, Fig. 4A). In the 1st clinical study, progesterone 
levels were significantly lower at 26 wks of age (P < 0.001, 
Fig. 4B). In the 2nd clinical study, progesterone levels sig-
nificantly lower from 24 weeks of age until the end of the 
study (27 weeks of age) (P < 0.05, Fig. 4C).

Estradiol
In all three studies, there were no significant differences 
in serum estradiol concentrations between treatment 
groups from 14 until 24 weeks of age. For the pre-clinical 
study, early and late primed gilts had significantly lower 
estradiol concentrations at 26 weeks of age (P < 0.001, 
Fig.  5A). In the 1st clinical study, estradiol levels were 
significantly lower at 27 wks of age (P = 0.028, Fig. 5B). In 
the 2nd clinical study, no significant differences on estra-
diol levels were observed between treatments (P ≥ 0.137, 
Fig. 4C).

Discussion
GnRF analogs are used to induce antibodies against natu-
rally produced GnRF with the intention to suppress the 
gonadal activity in fattening pigs. The two doses of the 
anti-GnRF analog induced a massive production of anti-
GnRF antibodies in treated animals, confirmed in the 
three trials reported here, in contrast to the control ani-
mals. A significant increase of anti-GnRF antibody titers 
was observed after the 2nd dose in all anti-GnRF analog-
treated gilts, which lasted until the end of each trial. Data 
suggests a direct correlation between the increase of 
anti-GnRF antibody levels in serum and the reduction of 
oestrus, as the inhibition of the GnRF signaling, i.e. anti-
bodies blocking the endogenous GnRF, causing hypotha-
lamic hypogonadism and inhibiting sexual function and 
maturation in both males as well as females, across mam-
malian species [6, 7] as well as capons [13].

Blocking GnRF activity in gilts results in a temporary 
suppression of the ovarian activity and sexual maturation, 

Fig. 2  Percentage of gilts showing oestrus at least once per study and treatment group. Points with an asterisk differ (P < 0.05) from the control group
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preventing unwanted pregnancies in situations where 
females are being raised commingled with entire males 
or due to unwanted contact with wild boars in outdoor 
production farms. Reproductive tract organs were indeed 
significantly smaller/lighter in gilts immunized with the 
anti-GnRF analog in the 3 studies compared to the con-
trol gilts, following both an early and late priming proto-
col, with a reduction of on average 56% / 65%, 47%, and 
51% for the uterine horns, 77% / 91%, 73%, and 80% for 
the uterus weights, and 68% / 84%, 66%, and 71% for the 
ovarian weights (early priming/late priming pre-clinical 
study, 1st clinical study, 2nd clinical study, respectively). 
The uterine horns of mature sows typically measure 
between 1500 and 2000 mm [14], while one study in gilts 
reported a mean of 533.4 ± 176.5  mm [15]. These data 
are of the same order as those of the control gilts in each 
of the 3 studies (745 ± 65  mm pre-clinical, 911 ± 91  mm 
clinical study 1, and 765 ± 71 mm clinical study 2). Uterus 
weights of the control gilts were more deviating from 

literature. Steel et al. [15] reported a mean of 102.0 ± 7.9 g 
in uterus weight in gilts while control gilts of the cur-
rent studies had uterus weights of 698 ± 55 g, 262 ± 48 g, 
and 270 ± 37  g for the pre-clinical, clinical 1, and clini-
cal 2 studies respectively. The weight differences found 
by Steel et al. [15] and our studies may be explained by a 
difference in age: in Steel’s study the gilts were harvested 
at 160 days of age (22–23 weeks of age) whereas in our 
studies gilts were sampled at 26 or 27 weeks of age. Fur-
thermore, different genetics were involved that may have 
also influenced the uterus weight (Large White x Land-
race for Steel’s study, Large White x Landrace x Duroc for 
the pre-clinical study, and Pietran x hybrid sow for the 
clinical studies).

The aim of the vaccination with the anti-GnRF analog 
was to inhibit puberty onset, which is usually defined 
as the time of the 1st oestrus and ovulation with a con-
tinuation of a regular oestrus cycles [16, 17]. However, 
under clinical/pre-clinical conditions, the age at 1st 

Fig. 3  Anti-GnRF antibody results by treatment, study day and study (U/mL). (A) represents the results from the pre-clinical study, (B) from the 1st clinical 
study, and (C) from the 2nd clinical study. Points represent means ± SE. Points with an asterisk differ (P < 0.05) from the control group
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Fig. 4  Progesterone concentrations in serum evolution by treatment, study day, and study (pg/mL). (A) represents the results from the pre-clinical study, 
(B) from the 1st clinical study, and (C) from the 2nd clinical study. Points represent means ± SE. Points with an asterisk differ (P < 0.05) from the control 
group
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Fig. 5  Estradiol concentrations evolution in serum by treatment, study day, and study. (A) represents the results from the pre-clinical study, (B) from the 
1st clinical study, and (C) from the 2nd clinical study. Points represent means ± SE. Points with an asterisk differ (P < 0.05) from the control group
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observed oestrus is used to define puberty in gilts. Pub-
lished articles report a range between 23 and 30 weeks 
of age for appearance of the fist sanding oestrus [16, 18, 
19]. Control gilts started to show oestrus from 19, 21, and 
22 weeks of age, with an average of 23 weeks of age for 
the pre-clinical study, and 25 weeks of age for the clini-
cal studies; with a prevalence of 83.3%, 40.0% and 22.5% 
respectively. Immunizing with the anti-GnRF analog 
clearly reduced the onset of puberty in both early and late 
priming groups: none of the late priming animals showed 
standing oestrus in the pre-clinical and only 11.1% on the 
1st clinical study, whereas 15.8% of early priming gilts 
showed oestrus at the pre-clinical study, and none in the 
2nd clinical study.

These results demonstrate that the administration of an 
anti-GnRF analog was successful, with different degrees 
of efficacy, to reduce the incidence of standing oestrus in 
treated gilts. Based on these results, both early vaccina-
tion (10 and 18 weeks of age) and late vaccination (14 and 
18 weeks of age) are able to significantly reduce the inci-
dence of standing oestrus. These results support the flex-
ibility with regard to the vaccination schedule which best 
suits management practices in commercial farms.

Results for progesterone confirm the results found for 
standing behaviour. Mean progesterone levels were sig-
nificantly lower in the anti-GnRF analog group at the 
end of the study period compared to the control gilts. 
For the latter, levels were higher as the level of proges-
terone increases for approximately 10 days of the oestrus 
cycle which lasts 18–24 days in total [17]. The reduction 
of progesterone level in treated gilts confirmed the mode 
of action of the anti-GnRF analog as it down-regulates 
GnRF production and therefore, inhibits the synthe-
sis and release of follicular-stimulating hormone (FSH) 
and luteinizing hormone (LH). If those hormones are 
not secreted for the preparation of oestrus, the corpus 
luteum is not formed, and consequently there is no pro-
gesterone secretion [20, 21].

Also, estradiol levels significantly differed at the end 
of the pre-clinical and 1st clinical study. Control ani-
mals had a significant increase of estradiol compared 
to treated gilts. No differences were observed between 
treatments in the 2nd clinical study. This lack of signifi-
cant differences may be explained by the physiology of 
the porcine cycle and the sampling schedule. During the 
oestrus cycle, high circulating concentrations of estradiol 
bring gilts to oestrus [14], however, estradiol concentra-
tions are only increased during a very short interval of 
approximately three to four days before ovulation [22] 
and, in the three studies summarized in this article, sam-
ples were taken every two to four weeks. Consequently, 
at these time points, we may miss the exact moment 
when estradiol release peaked, which would explain that 

significant differences in estradiol levels were observed 
only in the preclinical and the 1st clinical study.

According to the above results, administration of 
an anti-GnRF analogue is proven to induce antibodies 
against GnRF and results in temporary immunological 
suppression of ovarian function. This reduces the risk 
of unwanted pregnancy in gilts that may come in con-
tact with sexually mature male pigs. Administration of 
an anti-GnRF analogue may also reduce aggressive and 
mounting behaviours of gilts when they are kept together 
[3, 23], resulting in lower levels of stress in individual ani-
mals, which makes them easier to handle in the farms and 
during transportation, and results in carcasses of better 
quality (less injuries, less lesions). These results have been 
proven in entire male pigs, but further research is needed 
to evaluate this in gilts [24]. Furthermore, in any open-
air situation (like with Iberian females) where there is the 
need to prevent the sexual maturation of females with 
the intention to reduce attracting male wild boars (and 
therefore the potential transmission of infectious agents 
of major importance – such as African Swine Fever- from 
wild to domestic swine), the use of the anti-GnRF ana-
log in females may be an additional benefit to replace the 
physical castration.

Conclusions
Vaccination of gilts with anti-GnRF analog at 10 or 14 
weeks of age, with a 2nd dose at 18 weeks (two differ-
ent protocols) was effective in significantly reducing the 
onset of puberty for at least 9 weeks post 2nd vaccination. 
These results offer veterinarians and producers flexibility 
when implementing their vaccination programs adapted 
to pig management practices in commercial farms.
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