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Abstract
The Improvac® vaccine has been shown to improve growth performance, meat quality, and sexual behavior in swine herds 
in several countries. This study initially investigated the ability of this vaccine to control sex hormones and the development 
of reproductive organs in Vietnamese crossbred pigs (Yorkshire – Landrace x Duroc). A total of 45 male piglets were 
randomly divided into three groups: vaccinated at 12 and 18 weeks old, surgically castrated males at 7 days old, and entire 
males. Meanwhile, 40 female piglets were randomly assigned to one of two groups: those vaccinated at 12 and 16 weeks 
of age or entire females. Serum from experimental pigs was collected monthly before and after vaccination until slaughter 
(25 weeks of age). At the time of slaughter, reproductive organs were obtained to assess changes at the macroscopic and 
microscopic features. Anti-GnRH antibodies in the immunized male and female pigs increased dramatically and remained 
for several weeks following a booster shot, while serum levels of sex hormones were significantly lower than in the entire 
group (P<0.05). In addition, the reproductive organs of the immunized groups were negatively affected compared to the 
control groups. The male vaccinated group showed a significant reduction in the size of reproductive organs and irreversible 
disruption of spermatogenesis and testicular structure. The ovary and reproductive organs in the immunized female group 
revealed degradation in the size and ovarian follicle development. Taken together, the Improvac® vaccine can decrease sex 
hormones, thereby disrupting the development of reproductive organs in vaccinated male and female pigs.
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INTRODUCTION	

	 The hypothalamus, a neuroendocrine organ located below the thalamus 
and above your pituitary gland, is very essential for the regulation of sex 
hormones in pigs through the secretion of Gonadotropin-Releasing Hormone 
(GnRH) (Pop et al., 2018). Many factors affect the release of GnRH by the 
hypothalamus, such as age, weight, nutrient levels, seasons, and environmental 
temperature (Stratakis and Chrousos, 1997). After being released, GnRH will 
stimulate the pituitary gland, a gland located just behind the hypothalamus, to 
secrete Follicle-Stimulating Hormone (FSH) and Luteinizing Hormone (LH) 
into the bloodstream (Esbenshade et al., 1990). Then, these two hormones 
follow the blood stream to reach and affect the testicles and ovaries. FSH helps 
stimulate spermatogenesis and egg production, while LH participates in the 
main stimulation process for the testes to secrete testosterone and the ovaries to 
secrete estrogen (Soede et al., 2011). Two hormones, testosterone and estrogen, 
will follow the blood and reach the organs to promote maturation in pigs.
	 Understanding the important role of GnRH in the maturation process 
of pigs, many studies have created vaccines to reduce the concentration of 
GnRH in the blood, thereby inhibiting or delaying maturation in animals 
(Cronin et al., 2003; Čandek-Potokar et al., 2017). The Improvac® vaccine 
serves the same purpose. The essence of the vaccine is a protein containing the 
epitopes necessary for the production of endogenous anti-GnRH antibodies 
but not pituitary stimulation. This vaccine can stimulate animals to produce 
anti-GnRH antibodies, thereby limiting the production of LH/FSH, inhibiting 
the function of testes and ovaries, and disrupting the maturation process in pigs 
(Martinez-Giménez et al., 2021). The efficacy of immunocastration has been 
reported to reduce undesirable sexual behavior in male and female animals 
(Fàbrega et al., 2010; Rydhmer et al., 2010; Andersson et al., 2012; Quiniou 
et al., 2012; Brewster and Nevel, 2013; Karaconji et al., 2015). Improvac® 
vaccination was indicated to improve carcass quality and prevent boar taint 
in pigs (Fàbrega et al., 2010; Morales et al., 2010; Font-i-Furnols et al., 2012; 
Xue et al., 2019; Zoels et al., 2020). Besides, the Improvac® vaccine can be 
used for the contraception of wild animals (Elhay et al., 2007; Botha et al., 
2008; Lestari et al., 2018; Martinez-Giménez et al., 2021; Schwarzenberger et 
al., 2022).
	 Vietnam is one of the most important pork markets in the world and 
is the second-biggest pork producer in Asia (Cheung et al., 2023). Therefore, 
improving the productivity of Vietnamese pig herds is an important process. 
Since the Improvac® vaccine was reported to be able to improve growth 
performance and carcass quality in pigs by suppressing the release of sex 
hormones and the development of reproductive organs, we conducted this 
study to preliminarily evaluate the efficacy of this vaccine in Vietnamese pig 
herds. In this study, we only investigated the effects of the vaccine on anti-
GnRH antibodies, sex hormones and reproductive organs in a limited number 
of pigs. However, the results of this study will provide an important basis for us 
to continue to evaluate the effectiveness of vaccines in improving production 
productivity and meat quality in large-scale experiments, thereby applying the 
vaccine to Vietnam's pig industry.
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MATERIALS AND METHODS

Ethics approval 
	 The study was conducted in compliance with the institutional rules 
for the care and use of laboratory animals and using a protocol approved 
by the Ministry of Agriculture and Rural Development of Vietnam (TCVN 
8402:2010).

Animals
	 This study included 2 separate experiments with 45 male and 40 female 
crossbred piglets aged 7 days (Yorkshire-Landrace×Duroc). These piglets were 
carefully selected from 12 litters of healthy sows (Yorkshire-Landrace) that 
were crossed with Duroc boars of the same origin. The piglets were reared at a 
commercial farm with a high level of biosecurity. Trial pigs in each group were 
kept in separate cages but in the same house with temperature controlling by 
cooling pad, cement floor, 1.2 m2/pig. All experimental pigs were cared for in 
the same manner and used commercial complete feed.

Treatment and sampling
	 Experiment 1 (on male pigs): 45 male piglets were randomly divided 
into 3 groups, namely immunocastrated males (IM, n=20), surgically castrated 
males (SM, n=20), and entire males (EM, n=5). IM group was vaccinated with 
the Improvac® vaccine (2 ml, 200 μg of GnRH-protein conjugate per ml) at 
12 and 18 weeks of age. The SM group was surgically castrated at 7 days old. 
Serums of male pigs were collected at 12, 14, 18, 23, and 25 weeks of age.
	 Experiment 2 (on female pigs): 40 female piglets were randomly 
allocated into 2 groups, including those immunized (IF, n=20) with Improvac® 
vaccine (2 ml) at 12 and 16 weeks of age and entire females (EF, n=20). Serum 
samples from experimental pigs were collected at 12, 14, 18, 23, and 25 weeks 
of age. Serums of female pigs were collected at 12, 14, 16, 20, 23, and 25 
weeks of age.
	 All pig groups were kept in separate cages and reared in the same 
manner. The experimental pigs were slaughtered at 25 weeks of age, and 
their reproductive organs were collected to evaluate anatomic changes at the 
macroscopic and microscopic levels.

Serum analysis
	 Serum from experimental pigs was collected at the indicated times, 
processed and stored at −20 °C until analyzed. The titer of anti-GnRH antibodies 
was quantified by Porcine Gonadotropin-Releasing Hormone Antibody Kit 
(Anti-GnRH) ELISA kit (MyBiosource, USA) with a sensitivity of 0.1 ng/
ml. Besides, the concentrations of testosterone and estrogen were evaluated by 
the Pig Testosterone T ELISA Kit (MyBiosource, USA) and Porcine Estrogen 
ELISA (MyBioSource, USA), with a sensitivity of <0.05 ng/ml and 5 pg/ml, 
respectively. Analysis procedures were strictly performed followed under the 
manufacturer’s instructions. The ELISA plates were read at 450 nm in a plate 
reader (Multiskan FC, Thermo Scientific, USA).
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Examination post-mortem
	 All experimental pigs were weighed at the time of slaughter to minimize 
stress on the pigs. The macroscopic parameters (length, weight, and diameter) 
of the reproductive organs in male and female pigs were recorded and evaluated 
immediately after slaughter. In addition, the tissues of reproductive organs 
were collected, fixed with 10% formalin, paraffin-embedded, stained H&E, 
and assessed for histological changes as described in previous studies (Kubale 
et al., 2013; Mitjana et al., 2020).

Statistical analysis 
	 The data in the study were statistically analyzed using the SPSS 25 
software (IBM - International Business Machines, USA). Initially, the data was 
determined by the distribution of the data by using the Shapiro-Wilk method. 
If the normal distribution was followed, the data was further analyzed by the 
one-way ANOVA and Tukey methods. The opposite was analyzed by Kruskal-
Wallis and Man-Whitney. The difference between groups was significant with 
P<0.05.

RESULTS
	
Experiment 1 (on male pigs)
	 Serum analysis 
	 Anti-GnRH antibody levels in the IM group increased slightly after the 
first injection (6 and 8 weeks post-vaccination), then dramatically increased 
after the booster shot at 23 and 25 weeks of age (>0.4 ng/ml; Figure 1). The 
amounts of these antibodies in the EM and SM groups were significantly lower 
than that of the IM group after the second vaccination and remained at about 0.3 
ng/ml during the experiment. In addition, in the IM group, testosterone levels 
decreased significantly after the 2nd dose of vaccination, which was no different 
from the SM group. Meanwhile, the EM pig group witnessed an increase in 
serum testosterone levels at 23 and 25 weeks of age, which was significantly 
greater than the IM and SM groups (P<0.001).

Figure 1 Levels of anti-GnRH antibodies (A) and testosterone (B) in male groups. 
Different letters (a and b) indicate statistically significant differences (P<0.05) among the 
groups; ns: no statistical difference.
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Reproductive organs 
	 For the macroscopic parameters at the time of slaughter, the experimental 
pigs did not exhibit statistically significant differences in live weights (P>0.05). 
Although there was no difference in the parameters of the penis (P>0.05), the 
testicles and accessory gonads of the IM group were significantly smaller and 
lighter in size and weight compared with the EM group (P<0.05; Table 1). 
Besides, the weights and sizes of penis and cowper gland in the SM group were 
still significantly smaller than the other two groups (P<0.05).
	 For the microscopic parameters in the IM group, the seminiferous 
tubules mostly degenerated with a size reduction of tubular walls compared 
with the EM group (P<0.001; Table 2). There was almost no growth of 
spermatocytes in seminiferous tubule lumens, so only about 20% of pigs in the 
IM group had spermatozoa in the lumen compared to 100% of the EM group. 
In addition, only 80% of IM pigs had primary and secondary spermatocytes, 
while all EM pigs had these cells. The Leydig cells in the IM group showed 
cytoplasmic degeneration, and the nucleus shrank with abnormal morphology. 
Degeneration was also observed in the epididymis of the IM group, with a 
significant reduction in lumen area compared with the EM group (P<0.001; 
Figure 2B,C). These tubules were also found to be thin due to fibrosification 
of the muscle layers. This could make the height of tubule walls in the IM 
group significantly thicker than that of the SM group (P<0.001). 80% of pigs 
in the IM group did not have sperm in the lumen of the epididymis, but the 
rest contained very little sperm, with most being abnormal sperm. The male 
accessory reproductive glands of the IM group also showed fibrosis and a 
marked reduction in the number of cells and in the area of the exocrine ducts 
compared with the EM group (P<0.001).

Table 1 Effect of Improvac® vaccine on male reproductive organs at macroscopic levels
Parameters EM group IM group SM group P-value
Live weight at slaughter (kg) 99.60±5.90 104.38±1.96 104.11±1.83 >0.05
Penis length (mm) 485.82±31.59 525.99±14.68 450.89±16.98 <0.05
Penis weight (g) 91.32±15.08 65.10±5.09 56.20±5.27 <0.05
Penis perimeter (mm) 44.40±4.27 41.33±1.54 34.00±1.31 <0.05
Bulbourethral gland weight (g) 76.93±8.83 22.60±3.38 3.29±0.38 <0.001
Bulbourethral gland length (mm) 132.80±9.27 82.95±3.22 60.33±4.59 <0.001
Testis weight (g) 231.00±20.57 93.03±11.59 - <0.001
Testicular horizontal circumference (mm) 19.58±0.93 13.81±0.51 - <0.001
Testicular vertical circumference (mm) 254.30±11.59 189.67±7.45 - <0.001
Testicular small cross-sectioned diameter (mm) 61.80±3.34 44.64±2.09 - <0.001
Testicular large cross-sectioned diameter (mm) 66.60±2.94 50.40±2.90 - <0.05
Testicular small longitudinal-sectioned diameter (mm) 69.40±3.75 48.95±2.01 - <0.001
Testicular large longitudinal-sectioned diameter (mm) 105.60±2.34 75.19±3.72 - <0.001
Epididymis weight (g) 64.30±7.09 30.73±2.37 - <0.001
Epididymis length (mm) 245.90±19.85 176.75±6.91 - <0.001
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Table 2 Effect of Improvac® vaccine on male reproductive organs at microscopic levels
Parameters EM group IM group P-value

Area of seminiferous tubules (μm2) 30.59±3.11 12.82±1.16 <0.001

Height of seminiferous tubule epithelium (μm) 965.03±78.95 280.28±11.51 <0.001

Area of bulbourethral gland (μm2) 151.53±17.84 21.48±1.38 <0.001

Area of epididymis tubules (μm2) 3182.91±221.73 1912.91±111.34 <0.001

Area of epididymis lumen (μm2) 1596.29±180.75 767.67±96.89 <0.001

Height of epididymis tubule epithelium (μm) 7.85±0.60 6.39±0.36 <0.05

Height of epididymis tubule muscle (μm) 1.84±0.11 3.15±0.19 <0.001

Figure 2 The size of testicles and accessory gonads of EM and IM groups (A), bar 30 cm. 
Seminiferous tubule histology (asterisk) in EM group (B) and IM group (C), H&E 40X.
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Experiment 2 (on female pigs)
Serum analysis 
	 The concentration of anti-GnRH antibodies in the IF group increased 
slightly and was significantly higher than that of the EF group at week 16 of 
age (P<0.05). After the second injection, the amount of these antibodies in the 
IF group increased and remained unchanged in the following weeks (Figure 
3). At 25 weeks of age, the anti-GnRH antibody titer of the IF group was 
0.66±0.11 ng/ml, which was significantly greater than that of the EF group with 
0.37±0.03 ng/ml (P<0.05). Besides, the estrogen concentration in the IF group 
was always low and maintained until the end of the experiment (about 40 pg/
ml). Meanwhile, the amount of serum estrogen in the EF group continuously 
increased and was significantly higher than that in the IF group at the time 
points after the booster shot (P<0.05). These results suggest that the increase 
in anti-GnRH antibodies after the second vaccination had an inhibitory effect 
on sex hormone production in experimental pigs.

Figure 3 Levels of anti-GnRH antibodies (A) and estrogen (B) in female groups. 
Different letters (a and b) indicate significant differences (P<0.05) among the groups; ns: 
no statistical difference.

Reproductive organs  
	 For the macroscopic parameters, the weight and length of female 
reproductive organs in the IF group were mostly significantly lower than in 
the EF group (Table 3). No follicles were found on the ovaries of vaccination 
pigs, while almost mature follicles were exhibited on those of control pigs 
(Figure 4A). This result showed that the vaccine has an inhibitory effect on 
the development of female reproductive organs. Besides, we identified that 
there is a positive correlation between estrogen levels and the parameters of 
reproductive organs. This showed that estrogen played a role in the development 
of the reproductive organs, affecting the size and weight of the reproductive 
organs as well as the ovaries.
	 In the microscopic parameters, the number of follicle types in a 40X 
microfield was significantly higher in the IF group than in the EF group (P< 
0.05; Table 4). However, the size of the follicles in the EF group was larger than 
that of the IF group (Figure 4B,C). Therefore, we will not compare the number 
of follicles between the two groups but compare the presence rates of different 
types of follicles in the same group. Although the prevalence of secondary 
follicles was significantly higher in the IF group than in the EF group (P<0.05), 
the proportions of Graafian follicles and corpus luteum in the EF group were 
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Table 3 Effect of Improvac® vaccine on female reproductive organs at macroscopic levels

Figure 4 The size of reproductive organs of EF and IF groups (A), bar 30 cm. 
Ovarian histology (follicles: asterisk) in EF group (B) and IF group (C), H&E 
10X.

greater than in the IF group (P<0.05) (Table 4). This difference may be due to 
the low estrogen levels in the serum of immunized pigs. In the IF group, serum 
estrogen levels were consistently low, so the secondary follicles probably tended 
to be degraded instead of growing into Graafian follicles. Therefore, the rate 
of atretic follicles (degraded follicles) in the IF group was significantly higher 
than that of the EF group (P<0.01). 85.7% of pigs in the EF group had corpus 
luteum, while the IF group did not record any appearances of corpus luteum. 
The corpus luteum was not observed in the IF group; instead, the presence of 
degenerating follicles indicated the disruption of the follicular growth, which 
would presumably affect the normal estrus ability of vaccinated pigs

Parameters EF group IF group P-value
Live weight at slaughter (kg) 99.0±1.9 100.0±2.4 >0.05
Total reproductive system weight (g) 187.0±13.5 93.5±5.1 <0.01
Vagina length (mm) 213.0±14.0 165.2±7.5 <0.01
Uterine length (mm) 356.0±29.2 232.2±17.2 <0.05
Vagina circumference (mm) 57.1±2.7 47.2±5.2 >0.05
Uterine circumference (mm) 37.9±2.0 30.2±1.4 <0.05
Uterine horn circumference (mm) 33.1±2.5 23.3±1.4 <0.01
Ovary weight (g) 3.2±0.2 1.0±0.1 <0.001
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Table 4 Percentage of follicle types on female ovaries

DISCUSSION

Experiment 1 (on male pigs)
	 In this study, we could not find any obvious effects of the Improvac® 
vaccine after the first immunization, which was in line with the study of Claus 
et al. (2007). However, in the study of Zamaratskaia et al. (2008), anti-GnRH 
antibody titers of immunized pigs even increased and were significantly higher 
than those of entire and surgically castrated pigs after the first vaccine dose. 
This is probably due to the use of more aggressive adjuvants (Claus et al., 
2007). Besides, anti-GnRH antibodies only developed rapidly after a booster 
shot, which is in agreement with previous studies (Zamaratskaia et al., 2008; 
Brunius et al., 2011). After the second vaccination, the titers of anti-GnRH 
antibodies of vaccinated pigs increased quickly and then steadily reduced, 
but they were still significantly higher than those of entire male pigs (Brunius 
et al., 2011). This result was similar to the Bopriva vaccine in pubertal bulls 
(Janett et al., 2012). In addition, the concentration of testosterone in the IM 
group decreased rapidly to that of the SM group after the booster shot, which 
is consistent with previous studies (Brunius et al., 2011; Vázquez et al., 2020). 
The second vaccination was also found to interrupt the rise of testosterone in 
vaccinated pigs after 2 and 5 weeks (Kubale et al., 2013). On the day before 
slaughter, testosterone concentrations of vaccinated pigs were significantly 
lower than those of control pigs (Einarsson et al., 2011). Testosterone levels 
in vaccinated pigs were even undetectable at slaughter (Zamaratskaia et al., 
2008). Testosterone levels in the cows and elephants vaccinated against GnRH 
were also significantly lower than those of the unvaccinated group after the 
second vaccination (Janett et al., 2012; Lueders et al., 2014). Taken together, 
the vaccine can stimulate a strong immune response against endogenous GnRH 
within 2 weeks after a booster shot, which leads to low levels of GnRH in 
immunized pigs. As a consequence, the hypothalamic-pituitary-gonadal axis is 
interrupted, and the secretion of FSH and LH is significantly reduced, and thus 
sex hormones are not released. 
	 In the present study, we found that vaccinated pigs had lower weight 
as well as length of testes and male accessory reproductive glands than entire 
male pigs. Similarly, vaccinated pigs had significant reductions in both testes 
weight and bulbourethral gland length compared with controls (Zamaratskaia 
et al., 2008; Einarsson et al., 2009; Gispert et al., 2010; Morales et al., 2010; 
Einarsson et al., 2011). Accessory sex glands can be used as a tool to evaluate 
the efficacy of immunocastration in male pigs (Bonneau, 2010). Therefore, 
the reduction in size of reproductive organs, especially accessory reproductive 
glands, revealed that the Improvac® vaccine can interrupt the maturation of 
vaccinated pigs (Kubale et al., 2013). Moreover, the testicular histological 

Parameters
Numbers Percentages

EF group IF group p-value EF group IF group P-value
Secondary follicles 8.58±1.96 20.72±4.13 <0.05 21.41 27.50 <0.05
Graafian follicles 19.25±2.35 31.36±4.60 <0.05 48.02 41.62 <0.05
Atretic follicles 9.33±1.72 22.82±5.53 <0.05 23.28 30.27 <0.01
Corpus luteum 2.92±0.67 0.45±0.45 <0.01 7.27 0.60 <0.001
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status was clearly affected by vaccination. Spermatogenesis was also clearly 
disrupted in immunized pigs with the degeneration of seminiferous tubules 
and almost no spermatogenesis in tubular cells, as stated earlier (Earl et al., 
2006; Ülker et al., 2009; Einarsson et al., 2009; Mitjana et al., 2020). 80% of 
vaccinated pigs had both primary and secondary spermatocytes, but only 20% 
of pigs had sperm in the tubule. The abnormal morphology and degeneration of 
Leydig cells can be the cause of the decrease in serum testosterone concentration 
(Einarsson et al., 2011; Kubale et al., 2013). In fact, testosterone is an essential 
hormone for spermatogenesis and germ cells (Sofikitis et al., 2008). Taken 
together, these results showed that because the Improvac® vaccine affected 
the number and size of the Leydig cells, the testosterone titers dropped in 
vaccinated pigs, which led to irreversible disruption of spermatogenesis and 
testicular structure. Furthermore, a small proportion of vaccinated pigs also 
found sperm in the tubules. This showed that although the Improvac® vaccine 
had a marked inhibitory effect on the development of the male sex organs, it 
was not as completely inhibited as surgical castration (Brunius et al., 2011; 
Kubale et al., 2013; Zoels et al., 2020).

Experiment 2 (on female pigs)
	 In the present study, anti-GnRH antibody levels of vaccinated female 
pigs slightly increased after the first vaccination and dramatically rose 2 weeks 
after the second injection. This was similar to the finding of Dalmau et al. 
(2015) that more than 3 weeks after the second injection, crossbred Iberian 
female pigs exhibited elevated levels of anti-GnRH antibodies and low 
levels of progesterone. Besides, the sexual hormone titers (estrogen) of the 
vaccinated pigs in the study remained unchanged throughout the experimental 
period. This was in line with progesterone hormones in previous studies. 
The progesterone concentration started to be significantly different between 
vaccinated and control pigs around 10 days after the second vaccination 
(Dalmau et al., 2015). Besides, the progesterone titers in vaccinated female 
pigs were significantly lower than control pigs from 4 weeks after the booster 
shot onwards (Hernández-García et al., 2013). The low levels of progesterone 
in vaccinated pigs showed that vaccinated gilts did not reach puberty until 
the end of the experiment (46 weeks). The circulating progesterone titers of 
vaccinated Chinese SuHai pigs were significantly lower than those of controls 
1 day before slaughtering (Xue et al., 2019). These findings were in line with 
those in the male experiment, which showed that the Improvac® vaccine seems 
to inhibit the sexual hormones several days after a booster shot. 
	 In addition, the reproductive organs of vaccinated female pigs were 
clearly affected by vaccination, with lower weight and length than entire pigs. 
The reproductive organs of vaccinated pigs were in a pre-pubertal and infantile 
state at slaughter (Hernández-García et al., 2013). At slaughter, the weights of 
the ovary and reproductive glands were also found to decrease by Improvac® 

vaccination (Oliver et al., 2003; Mitjana et al., 2020). Similarly, the mean 
weight of ovarian and uterine horns in vaccinated pigs was significantly lower 
than that of controls (Hernández-García et al., 2013; Dalmau et al., 2015; Xue 
et al., 2019). Besides, almost no follicles can be observed on any of the ovaries 
of the vaccinated group in this study, which was in agreement with the findings 
in Chinese SuHuai pigs (Xue et al., 2019). A previous study showed that no 
follicles were observed on the ovaries while follicles were present in all pigs in 
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the control group (Dalmau et al., 2015). On the ovaries of vaccinated gilts, all 
follicles seem to be immature, small, and invisible (Hernández-García et al., 
2013). The contraceptive efficacy of Improvac® vaccine was reported in both 
female giraffes, mares, and beef calves (Elhay et al., 2007; Lestari et al., 2018; 
Schütz et al., 2021; Schwarzenberger et al., 2022). These results indicated that 
the Improvac® vaccine successfully suppressed the development of female 
reproductive organs in vaccinated animals.  

CONCLUSIONS

	 Improvac® vaccine can stimulate experimental pigs (male and female) 
to produce high and prolonged anti-GnRH antibodies, especially after a booster 
shot. This has significantly reduced the concentration of the sex hormones 
(testosterone in males and estrogen in female pigs), thereby inhibiting the 
development of male and female reproductive organs at both the macroscopic 
and microscopic levels.

AUTHOR CONTRIBUTIONS

Danh Cong Lai, Nam Minh Nguyen, Duy Tien Do: Conceptualization and 
design the experiment, investigation, supervision, editing and finalization.
Khanh Tran Doan Vinh, Hue Vo Thi, Phong Du Dai: Investigation, 
methodology, formal analysis, manuscript preparation.

CONFLICT OF INTEREST

	 We have no conflict of interest.



944Lai et al.Vet Integr Sci. 2024; 22 (3): 933 - 947

REFERENCES

Andersson, K., Brunius, C., Zamaratskaia, G., Lundström, K., 2012. Early 
	 vaccination with Improvac®: effects on performance and behaviour of 
	 male pigs. Animal. 6(1), 87-95. 
Bonneau, M., 2010. Accessory sex glands as a tool to measure the efficacy of 
	 immunocastration in male pigs. Animal. 4(6), 930-932. 
Botha, A., Schulman, M., Bertschinger, H., Guthrie, A., Annandale, C., 
	 Hughes, S., 2008. The use of a GnRH vaccine to suppress mare 
	 ovarian activity in a large group of mares under field conditions. 
	 Wildl. Res. 35(6), 548-554. 
Brewster, V., Nevel, A., 2013. Immunocastration with Improvac™ reduces 
	 aggressive and sexual behaviours in male pigs. Appl. Anim. Behav. 
	 Sci. 145(1-2), 32-36. 
Brunius, C., Zamaratskaia, G., Andersson, K., Chen, G., Norrby, M., 
	 Madej, A., Lundström, K., 2011. Early immunocastration of male pigs 
	 with Improvac®–Effect on boar taint, hormones and reproductive 
	 organs. Vaccine. 29(51), 9514-9520. 
Čandek-Potokar, M., Škrlep, M., Zamaratskaia, G., 2017. Immunocastration 
	 as alternative to surgical castration in pigs. Theriogenology. 6, 109-126. 
Cheung, J., Bui, A.N., Younas, S., Edwards, K.M., Nguyen, H.Q., Pham, 
	 N.T., Bui, V.N., Peiris, M., Dhanasekaran, V., 2023. Long-term 
	 epidemiology and evolution of swine influenza viruses in Vietnam. 
	 Emerg. Infect. Dis. 29(7), 1397-1406. 
Claus, R., Lacorn, M., Danowski, K., Pearce, M.C., Bauer, A., 2007. Short-
	 term endocrine and metabolic reactions before and after second 
	 immunization against GnRH in boars. Vaccine. 25(24), 4689-4696. 
Cronin, G., Dunshea, F., Butler, K., McCauley, I., Barnett, J., Hemsworth, P., 
	 2003. The effects of immuno-and surgical-castration on the behaviour 
	 and consequently growth of group-housed, male finisher pigs. Appl. 
	 Anim. Behav. Sci. 81(2), 111-126. 
Dalmau, A., Velarde, A., Rodríguez, P., Pedernera, C., Llonch, P., Fàbrega, 
	 E., Casal, N., Mainau, E., Gispert, M., King, V., 2015. Use of an 
	 anti-GnRF vaccine to suppress estrus in crossbred Iberian female pigs. 
	 Theriogenology. 84(3), 342-347. 
Earl, E.R., Waterston, M.M., Aughey, E., Harvey, M.J., Matschke, C., 
	 Colston, A., Ferro, V.A., 2006. Evaluation of two GnRH-I based 
	 vaccine formulations on the testes function of entire Suffolk cross ram 
	 lambs. Vaccine. 24(16), 3172-3183. 
Einarsson, S., Andersson, K., Wallgren, M., Lundström, K., Rodriguez-
	 Martinez, H., 2009. Short-and long-term effects of immunization 
	 against gonadotropin-releasing hormone, using Improvac™, on 
	 sexual maturity, reproductive organs and sperm morphology in male 
	 pigs. Theriogenology. 71(2), 302-310. 
Einarsson, S., Brunius, C., Wallgren, M., Lundström, K., Andersson, K., 
	 Zamaratskaia, G., Rodriguez-Martinez, H., 2011. Effects of early 
	 vaccination with Improvac® on the development and function of 
	 reproductive organs of male pigs. Anim. Reprod. Sci. 127(1-2), 50-55. 



945Lai et al.Vet Integr Sci. 2024; 22 (3): 933 - 947

Elhay, M., Newbold, A., Britton, A., Turley, P., Dowsett, K., Walker, J., 
	 2007. Suppression of behavioural and physiological oestrus in the 
	 mare by vaccination against GnRH. Aust. Vet. J. 85(1‐2), 39-45. 
Esbenshade, K., Ziecik, A., Britt, J., 1990. Regulation and action of 
	 gonadotrophins in pigs. J. Reprod. Fertil. Suppl.  40, 19-32. 
Fàbrega, E., Velarde, A., Cros, J., Gispert, M., Suárez, P., Tibau, J., Soler, J., 
	 2010. Effect of vaccination against gonadotrophin-releasing hormone, 
	 using Improvac®, on growth performance, body composition, 
	 behaviour and acute phase proteins. Livest. Sci. 132(1-3), 53-59. 
Font-i-Furnols, M., Gispert, M., Soler, J., Diaz, M., Garcia-Regueiro, J., Diaz, 
	 I., Pearce, M., 2012. Effect of vaccination against gonadotrophin-
	 releasing factor on growth performance, carcass, meat and fat quality 
	 of male Duroc pigs for dry-cured ham production. Meat. Sci. 91(2), 
	 148-154. 
Gispert, M., Oliver, M.À., Velarde, A., Suarez, P., Pérez, J., i Furnols, M.F., 
	 2010. Carcass and meat quality characteristics of immunocastrated 
	 male, surgically castrated male, entire male and female pigs. Meat. 
	 Sci. 85(4), 664-670. 
Hernández-García, F.I., Duarte, J.L., Pérez, M.A., Raboso, C., del 
	 ROSARIO, A.I., Izquierdo, M., 2013. Successful long-term pre-
	 pubertal immunocastration of purebred Iberian gilts reared in 
	 extensive systems. In 8th International congress on mediterranean pig, 
	 Ljubljana, Slovenia, 10–12 October 2013, pp. 123-126.
Janett, F., Gerig, T., Tschuor, A., Amatayakul-Chantler, S., Walker, J., 
	 Howard, R., Bollwein, H., Thun, R., 2012. Vaccination against 
	 gonadotropin-releasing factor (GnRF) with Bopriva significantly 
	 decreases testicular development, serum testosterone levels and 
	 physical activity in pubertal bulls. Theriogenology. 78(1), 182-188. 
Karaconji, B., Lloyd, B., Campbell, N., Meaney, D., Ahern, T., 2015. Effect 
	 of an anti‐gonadotropin‐releasing factor vaccine on sexual and 
	 aggressive behaviour in male pigs during the finishing period under A 
	 ustralian field conditions. Aust. Vet. J. 93(4), 121-123. 
Kubale, V., Batorek, N., Škrlep, M., Prunier, A., Bonneau, M., Fazarinc, G., 
	 Čandek-Potokar, M., 2013. Steroid hormones, boar taint 
	 compounds, and reproductive organs in pigs according to the delay 
	 between immunocastration and slaughter. Theriogenology. 79(1), 69-80. 
Lestari, L.S., Kitagawa, K., Tsugeuma, M., Kibushi, M., Deguchi, Y., 
	 Shirotozaki, M., Sasahara, R., Tau, S., Tamada, H., Kawate, N., 2018. 
	 PF-33 Effects of GnRH vaccine, Improvac®, on Oestrus, Ovarian 
	 Activity and Growth in Japanese Black Fattening Beef Heifers. In 
	 Proceedings of the 20th FAVA & the 15th KIVNAS PDHI Hemera 
	 Zoa, Bali, Indonesia, 1-3 November 2018. 
Lueders, I., Hildebrandt, T.B., Gray, C., Botha, S., Rich, P., Niemuller, C., 
	 2014. Supression of testicular function in a male Asian elephant 
	 (Elephas maximus) treated with gonadotropin-releasing hormone 	
	 vaccines. J. Zoo. Wildl. Med. 45(3), 611-619. 
Martinez-Giménez, J., Ferrero-Vicente, L., Feltrer-Rambaud, Y., 2021. Effects 
	 of a gnrh vaccine (improvac®) on patagonian (Otaria byronia) and 
	 california sea lions (Zalophus californianus). J. Zoo. Wildl. Med. 
	 52(2), 721-725. 



946Lai et al.Vet Integr Sci. 2024; 22 (3): 933 - 947

Mitjana, O., Bonastre, C., Tejedor, M.T., Garza, L., Latorre, M.Á., 
	 Moreno, B., Falceto, M.V., 2020. Immuno-castration of female 
	 and male pigs with anti-gonadotrophin releasing hormone vaccine: 
	 Morphometric, histopathological and functional studies of the 
	 reproductive system. Anim. Reprod. Sci. 221, 106599. 
Morales, J., Martinell, M.G., Hortos, M., Pérez, J., Suárez, P., Noguera, 
	 C.P., 2010. Evaluation of production performance and carcass quality 
	 characteristics of boars immunised against gonadotropinreleasing 
	 hormone (GnRH) compared with physically castrated male, entire 
	 male and female pigs. Span. J. Agric. Res. 8(3), 599-606. 
Oliver, W., McCauley, I., Harrell, R., Suster, D., Kerton, D., Dunshea, F., 
	 2003. A gonadotropin-releasing factor vaccine (Improvac) and porcine 
	 somatotropin have synergistic and additive effects on growth 
	 performance in group-housed boars and gilts. J. Anim. Sci. 81(8), 
	 1959-1966. 
Pop, M.G., Crivii, C., Opincariu, I., 2018. Anatomy and function of the 
	 hypothalamus. In: Baloyannis, S.J., Gordeladze, J.O. (Ed.), 
	 Hypothalamus in health and diseases. Available online: https://www.
	 intechopen.com/chapters/63258.
Quiniou, N., Monziols, M., Colin, F., Goues, T., Courboulay, V., 2012. Effect 
	 of feed restriction on the performance and behaviour of pigs 
	 immunologically castrated with Improvac®. Animal. 6(9), 1420-1426. 
Rydhmer, L., Lundström, K., Andersson, K., 2010. Immunocastration reduces 
	 aggressive and sexual behaviour in male pigs. Animal. 4(6), 965-972. 
Schütz, J., Rudolph, J., Steiner, A., Rothenanger, E., Hüsler, J., Hirsbrunner, 
	 G., 2021. Immunization against Gonadotropin-Releasing Hormone 
	 in Female Beef Calves to Avoid Pregnancy at Time of Slaughter. 
	 Animals. 11(7), 2071. 
Schwarzenberger, F., Krawinkel, P., Jeserschek, S.M., Schauerte, N., Geiger, 
	 C., Balfanz, F., Knauf‐Witzens, T., Sicks, F., Martinez Nevado, E., 
	 Anfray, G., Hein, A., Kaandorp-Huber, C., Marcordes, S., Venshøj, 
	 B., 2022. Immunocontraception of male and female giraffes using the 
	 GnRH vaccine Improvac®. Zoo. Biol. 41(1), 50-64. 
Soede, N., Langendijk, P., Kemp, B., 2011. Reproductive cycles in pigs. 
	 Anim. Reprod. Sci. 124(3-4), 251-258. 
Sofikitis, N., Giotitsas, N., Tsounapi, P., Baltogiannis, D., Giannakis, 
	 D., Pardalidis, N., 2008. Hormonal regulation of spermatogenesis and 
	 spermiogenesis. J. Steroid. Biochem. Mol. Biol. 109(3-5), 323-330. 
Stratakis, C.A., Chrousos, G.P., 1997. Hypothalamic hormones. In: 
	 Endocrinology. Springer, pp. 185-209.
Ülker, H., Yılmaz, A., Karakuş, F., Yörük, M., Budağ, C., deAvila, D.M., 
	 Reeves, J.J., 2009. LHRH fusion protein immunization alters 
	 testicular development, ultrasonographic and histological appearance 
	 of ram testis. Reprod. Domest. Anim. 44(4), 593-599. 
Vázquez, N.A., Aguilar, N.C.V., Brenner, E.G., Dávila, F.S., Trejo, A.M., 
	 Ramírez, M.C., Barragán, H.B., 2020. PSVII-30 Growth performance, 
	 and serum concentration of testosterone of male and female pigs 
	 immunocastrated with a GnRH analogue, fed wet low-protein diets. J. 
	 Anim. Sci. 98(4), 463. 



947Lai et al.Vet Integr Sci. 2024; 22 (3): 933 - 947

How to cite this article; 
Danh Cong Lai, Nam Minh Nguyen, Khanh Tran Doan Vinh, Hue Vo Thi, Phong Du Dai and 
Duy Tien Do. Effect of the biological castration vaccine (Improvac®) on sex hormones and 
reproductive organs of pigs in Vietnam.  Veterinary Integrative Sciences. 2024; 22(3): 933 - 947

Xue, Y., Zheng, W., Zhang, F., Rao, S., Peng, Z., Yao, W., 2019. Effect of 
	 immunocastration on growth performance, gonadal development and 
	 carcass and meat quality of SuHuai female pigs. Anim. Prod. Sci. 
	 59(4), 794-800. 
Zamaratskaia, G., Andersson, H., Chen, G., Andersson, K., Madej, A., 
	 Lundström, K., 2008. Effect of a Gonadotropin‐releasing Hormone 
	 Vaccine (ImprovacTM) on Steroid Hormones, Boar Taint Compounds 
	 and Performance in Entire Male Pigs. Reprod. Domest. Anim. 43(3), 
	 351-359.  
Zoels, S., Reiter, S., Ritzmann, M., Weiß, C., Numberger, J., Schütz, A., 
	 Lindner, P., Stefanski, V., Weiler, U., 2020. Influences of 
	 immunocastration on endocrine parameters, growth performance and 
	 carcass quality, as well as on boar taint and penile injuries. Animals. 
	 10(2), 346.


