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Abstract

Renowned for their high-quality meat from autochthonous breeds like the Iberian 
and Bísaro pigs, extensive pig farms prioritize animals’ welfare as a crucial factor in 
maintaining meat quality. In these systems, pig welfare results from the importance 
of providing abundant space, allowing for the full expression of the species’ behav-
ior, and proper care. Immunocastration is a tool that might positively contribute to 
enhancing pig welfare and also provide a practical solution for managing male pig 
reproduction in extensive production systems. Immunocastration eliminates the need 
for surgical castration, such as avoiding the need for pain control, reducing potential 
post-surgical complications, and mitigating stress-related issues. Immunocastrated 
pigs exhibit improved behavior and feed efficiency. The desirable meat quality attri-
butes of entire males are kept, while avoiding the boar taint issues, enhancing con-
sumer acceptance and marketability. Through the application of immunocastration, 
extensive pig producers can achieve improved production efficiency and profitability 
while simultaneously addressing animal welfare concerns and meeting consumer 
preferences. In addition, immunocastration helps minimize the environmental impact 
of pig farming by decreasing nutrient runoff and waste pollution, promoting sustain-
able and ethical farming practices. This chapter intends to discuss the contribution of 
immunocastration to welfare improvement in non-industrial long-cycle extensive pig 
systems.

Keywords: boar taint, Improvac®, long production cycles, non-industrial systems, 
non-surgical castration, outdoor systems, pig wellbeing

1. �Introduction

In the European Union, approximately 81 million piglets were surgically castrated 
in 2020, which represents approximately 31.5% of the total of pigs slaughtered that 
year [1]. This practice is usually performed without anesthesia or analgesia up to the 
age of 7 days [2], raising ethical concerns regarding pain and animal welfare [2–4]. 
The primary reason for this practice is to prevent boar taint [2, 3, 5–7], an unpleasant 
odor that affects consumer preference, and to prevent the increased aggressiveness and 
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mounting behavior characteristic of non-castrated males [2]. Several options have been 
studied, but three main alternatives are being considered. The first alternative is surgical 
castration associated with anesthesia and pain control, which reduces animal suffering 
but adds cost and complexity to the process. Another could be raising only non-castrated 
males, which excludes the castration procedure but requires boar taint detection at 
slaughterhouses, raising potential economic concerns. And lastly, immunocastration, 
a vaccine against boar taint faces concerns about effectiveness, safety, and consumer 
perception.

A stepwise process marked the decision-making progression of banning surgi-
cal castration. In the ′70s–′80s, Denmark decided to raise only entire males and 
stop surgical castration for economic reasons. Boars have higher feed efficiency and 
deposit less fat, which confers to them a higher value than surgically castrated males. 
After Denmark successfully ended the practice of castrating pigs without significant 
setbacks, other countries, such as Norway and Switzerland, concerned about animal 
welfare began to pressure their governments to follow suit. Consumer awareness and 
preferences played a crucial role in influencing the industry. That was also the case in 
The Netherlands, as supermarkets stopped buying pork from pigs castrated without 
pain relief due to consumer pressure.

In 2010, a coalition of 33 stakeholders in the pork supply chain—including 
researchers, veterinarians, and animal welfare NGOs—came together to sign a 
voluntary agreement known as the “European Declaration on Alternatives to Surgical 
Castration of Pigs” [8]. They aimed to abolish the practice of surgically castrating pigs 
without pain relief by 2012 and then gradually phase out surgical castration of pigs by 
2018 across all EU member states.

Despite scientific advancements and public pressure, we are now presented with a 
stalemate regarding the end of surgical castration without anesthesia and pain relief. 
While eight countries in the EU have already banned the practice, they disagree on the 
ideal alternative, hindering a unified EU approach. The different stakeholders have 
diverse motivations. Northern European countries like Denmark and Netherlands, 
major pork exporters, desire a harmonized solution for easier trade. Sweden priori-
tizes animal welfare but is less active in pushing an agreement. Southern European 
countries, like Spain and Portugal, have a tradition of raising uncastrated pigs, which 
are usually slaughtered before puberty, but lack commitment to banning surgical 
castration. To ban this procedure, the focus should become on allowing individual 
countries or regions to select the most fitting substitute dependent on their market 
and priorities. Further research and education are important to discover alternative 
techniques and promote their adoption.

The pressure from consumers affected not only the issue of surgical castration but 
also the methods used in pig rearing. As consumers started becoming more aware of 
animal welfare, including pain management and the absence of suffering, there was 
a growth in media protests highlighting their disapproval of the current dominant 
production system. Thus, conventional production in confined spaces with slatted 
floors is becoming increasingly unacceptable [9]. Surveys conducted worldwide con-
firm the societal shift toward the preference for free-range animals with unrestricted 
movement. This trend has been observed in countries such as Brazil [10], the United 
States [11], Canada [12], and Europe [13], where citizens are indicating their inclina-
tion toward animals that are free to roam.

The welfare of production animals is a strong concern for consumers and a major 
issue in pig industrial production systems. Enrichment materials can be given to pigs 
even in enclosed spaces to encourage natural behaviors and improve animal welfare 
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without altering the housing structure [14]. However, alternative methods offering 
pigs environments where they can express their natural behaviors are becoming 
increasingly popular [15].

The purpose of this work is to discuss immunocastration as a means to improve 
animal welfare in traditional outdoor pig production systems.

2. �Alternative systems for pig production

2.1 �Sustainable livestock farming

A sustainable livestock farming system should have a neutral or positive impact 
on the environment, be compatible with the presence of local wildlife, and promote 
the recovery of higher levels of biodiversity. Moreover, it must ensure the welfare of 
the animals, prioritize the well-being of the local community, and be economically 
profitable [16]. Current systems for livestock production do not meet these require-
ments, sustaining the search for new production systems. Consumers demand that 
governments and industries ensure safe, nutritious food, abide by environmental and 
animal welfare standards, and adapt to climate changes, while increasing efficiency and 
productivity [16]. A great number of consumers also prefer animal products that not 
only come from natural conditions but also use traditional production methods [17].

Alternative systems, such as free-range/extensive or litter-based ones, can 
coexist alongside conventional systems. The term “outdoor pig production” 
refers to a method of raising pigs that involves providing them with access to the 
outdoors and allowing them to interact with the ground and vegetation. This 
practice has gained popularity in various regions of Europe, South Africa, and 
North America [18], leading to its rapid expansion. Whether the pigs roam freely 
outdoors all year round or have limited access to an outdoor yard open to the barn, 
it is a highly beneficial practice for the pig, as it provides greater space and envi-
ronmental complexity [19], as well as foraging opportunities and a more diverse 
diet [20, 21]. These alternative production systems are often associated with local 
breeds, which are considerably different from highly productive commercial 
breeds, especially in terms of productivity and carcass and meat quality [19, 22], 
as well as in the length of the production cycle. Increased use of extensive produc-
tion methods can enhance animal welfare and is therefore incorporated in most 
welfare-label pig production systems, such as organic and free-range systems [19]. 
These local, autochthonous breeds are usually more robust regarding weather 
conditions and more resilient to parasites and diseases than their commercial 
counterparts [22, 23]. This is one of the main reasons why they are largely used 
across Europe in these specific production systems [24].

2.2 �Autochthonous breeds: a potential solution

Autochthonous breeds display significant differences in phenotypic and genetic 
traits, as well as production performance, mainly due to human activities, through 
selective breeding, adaptations to local climate, and mutations [25–27]. These 
breeds have been selected for inclusion in programs aimed at protecting genetic 
resources [28]. Their goal is to ensure the breeds’ sustainability by maintaining their 
genetic uniqueness, stabilizing the population size, and preserving both the breed’s 
phenotypic traits and their valuable performance traits [28].
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Although raised in low numbers compared to commercial breeds, native pig 
breeds are better adapted to local conditions; they represent an opportunity for devel-
oping sustainable pork value chains [29]. Specific production systems used in these 
breeds usually align better with societal expectations of animal welfare, environmen-
tal adaptation, and food quality [30]. Not only that, but the products provided, espe-
cially the traditional meat products, represent cultural and gastronomical heritage 
with an excellent reputation among consumers due to their distinctive quality attri-
butes, as well as an emotional connection, which cannot be replicated with pigs from 
conventional intensive systems [31]. Autochthonous breeds have slower growth rates 
than commercial breeds [32, 33] and very heterogeneous results. Brossard et al. [34] 
studied nine different European autochthonous breeds and found that the mean daily 
protein deposition ranged between 41 and 116 g/d. A major advantage of these breeds 
is their more efficient digestion of fiber due to the richness of their cellulolytic and 
hemicellulolytic flora [35]. This makes them incredibly adapted to extensive produc-
tion systems and capable of being reared in marginal land with poor feed resources, 
characteristic of permanent grassland [35, 36].

Furthermore, native pig breeds usually integrate production chains of added-value 
products, such as certified traditional meat products with Protected Designation of 
Origin (PDO) and/or Protected Geographical Indication(PGI) [37]. These products 
request slaughter at older ages, along with longer fattening free-ranging cycles for 
which animals should not be able to express reproductive activity (as a source of 
male-to-male aggression or female pregnancy before slaughter) as it can disturb the 
expected performance of animals. In this scenario, immunocastration appears to be 
an interesting strategy.

3. �Immunocastration: mechanism and applications

3.1 �Principles of immunocastration

Immunocastration, also known as immunological castration or vaccine-induced 
castration, relies on the temporary neutralization of the hypothalamic–pituitary-
gonadal axis through the antibodies generated by the immune system. Consequently, 
the gonadal activity is suppressed, as well as the boar-taint-related compounds, 
namely androstenone and skatole [38, 39].

The vaccine available in Europe—the Improvac® (Zoetis Animal Health – Global 
Animal Health Company)—contains a synthetic copy of Gonadotropin-Releasing 
Hormone (GnRH) coupled to an immunogenic protein (a diphtheria toxoid), com-
bined with a synthetic aqueous adjuvant (DEAE-Dextran) to promote the necessary 
immune response [40]. The diphtheria toxoid, a foreign molecule to the organism, 
will induce an immune reaction driving the formation of antibodies against GnRH. 
Once a sufficient level of antibodies is produced to destroy the endogenous hormone, 
it will originate a suppression of the hypothalamic pituitary gonadal axis [41] and 
ultimately will suppress the secretion of sex steroid by the gonads [42]. The onset of 
immunity happens when anti-GnRH antibody production is induced, which normally 
happens 1 week after the second vaccination. A temporary decrease in the production 
of gonadotropins and sex steroids will lead to inhibition of sexual behavior and game-
togenesis will be suspended. Licensed for use in boars since 2009, this vaccine has 
been recently authorized in Europe to also be employed in sows, for sexual behavior 
control (standing estrus) [40].
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The standard immunization protocol involves two subcutaneous injections of the 
vaccine at least 4 weeks apart, with the second immunization administered four to 
6 weeks before slaughter [43]; this time interval ensures effective boar taint reduction. 
Reduction of aggressive and sexual (mounting or standing estrus) behaviors should 
be expected one or 2 weeks post second vaccination [40]. Nevertheless, the need for a 
third administration, at least 4 weeks after the second in older, culled intact boars has 
been recommended. Since the vaccination is reversible [44], the standard protocol can 
be adapted into an early [43, 45, 46] or long-term [47–50] protocol to accommodate 
the particularities of each pork production system and avoid recurrences. Similar to 
other vaccines, the immunocastration does not have a withdrawal period [40], due to 
the lack of residues in the meat. Nevertheless, like with other vaccines, the application 
of the product must comply with specific recordings at the farm designed to guarantee 
the trackability of meat and meat products safely from the farm to the consumer.

3.2 �Effectiveness of immunocastration in reducing boar taint

The boar taint is an intensive off-flavor aroma commonly associated with the 
accumulation in the fat of at least one of the two compounds: skatole, a byproduct of 
the amino acid tryptophan produced by bacteria in the hindgut of pigs, subject to a 
multifactorial influence [51]; or androstenone, a testicular steroid with a urine-like 
odor [52, 53].

Several studies have tested and proved the immunocastration efficacy in reducing 
boar taint [54–58], which is now generally agreed upon [42]. Its efficacy in reducing 
boar taint compounds has also been proven in alternative production systems, using 
local breeds [59–61], but often requires an extension or modification of the standard 
protocol [47, 62]. While androstenone reduction is easily explainable because of the 
suppression of the testicular function, the influence of immunocastration on skatole 
levels is not yet fully understood. It is believed that immunocastration decreases 
skatole formation within the intestine and accelerates skatole degradation metabolism 
in the liver by increasing skatole-metabolizing enzymes CYP2E1, CYP2A, CYP2C49, 
and CYB5A expressions [63]. Reducing dietary energy concentration lowers intestinal 
skatole production [64] that can be useful in finishing immunocastrated pigs which 
have increased feed intake.

Nonetheless, there is some controversy about the full efficacy of the standard 
immunocastration protocol. Some authors report the random occurrence of non-
responding animals [65, 66]. Although the percentage of non-responders is very low, 
considering that vaccination was performed properly, chances of injection failure are 
possible and likely to happen in field conditions [52].

3.3 �Potential side effects and limitations

One of the main concerns of immunocastration is the safety of operators [67]. 
GnRH is found in all mammals and in humans as well. In principle, a repeated auto-
injection by the operator would have the same results as in the target species. This can 
be virtually ruled out by using an injector gun with a needle guard.

A possible side effect in pigs includes moderate injection site swellings, most often 
classified as mild reactions [65]. These events do not affect the vaccine efficacy but 
can result in slaughterhouse partial part condemnation.

As mentioned earlier, immunocastration is reversible. From 10 weeks after the 
last injection, a return of testicular function can start presenting itself [68] with 
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subsequent gonadal regrowth [47]. This can be considered a limitation, as revaccina-
tion is required in order to maintain animals castrated.

Consequently, this requires an adaptation to the original immunocastration scheme. 
The new approach can be considered a major limitation for farmers who operate small to 
medium-scale alternative systems, using non-industrial breeds [62]. Several studies have 
already been made toward this goal [47, 48, 59, 62, 69–77] but no consensus was reached. 
Internal factors, such as individual variations and age at administration, can affect its 
efficacy. So, it is crucial to identify the most suitable vaccination protocol for alternative 
production systems, considering the specifics of the pig breed, the length of the produc-
tive cycle, age at slaughter, and whether the animal is a young or culled mature boar or 
sow. Each production system has its own individual traits which should be taken into 
consideration when designing the vaccination schemes.

4. �Welfare benefits of immunocastration

4.1 �Ethical considerations and animal welfare standards

Animal welfare has been a major concern for the European Commission in the last 
decades, especially in the pork production industry. Surgical castration of male pigs has 
been targeted as a priority, and the European Commission proposed to end all surgi-
cal castrations by 2018 [8]. Six years have passed, and the main objective is far from 
met [78]. According to the last published enquiry, 75% of male pigs are still surgically 
castrated in the European Union [79]. In agreement with the EU legislation [8], surgical 
castration of pigs without anesthesia or analgesia in pigs is allowed up to 7 days of age, 
and most procedures in industrialized systems are performed this way. Germany and 
France came forward and from January 2021 and 2022, respectively, have restricted 
surgical castration further, demanding, among other aspects, effective anesthesia before 
surgical castration and mandatory training for staff [80–82].

Outside Europe, immunocastration has been largely used in the last two decades, 
particularly in Australia and New Zealand, and has been recently developed in South 
America [52]. In the United States of America, surgical castration is used on nearly all 
animals [83] and is normally performed without analgesia or anesthesia up to 14 days of 
age, as recommended by the American Veterinary Medical Association (AVMA) [84].

4.2 �Mitigation of surgical castration-related effects

Scaling animal pain is one of the more challenging obstacles to animal science. A 
possible explanation is that the magnitude and pain-associated behaviors may differ 
between species, breeds, and between individuals making the assessment subject 
to bias [6]. Regarding pigs, even farmers and veterinarians have difficulties in reli-
ably recognizing pain [85]. Still, it is currently recognized that surgical castration 
procedures are associated with pain, stress, and risk of infection [2, 46, 86–88]. In 
contrast, some authors hypothesized that animals will not recall that experience 
at such a young age, such as humans do not recall many experiences as babies [89]. 
Additionally, it has been suggested that pigs are not as sensitive to pain as humans 
are [85]. No consensus was reached on those topics even though recent studies showed 
that pain-related behaviors and physiological stress indicators are unaltered with age 
[90, 91]. Concerns about pain related to the surgical gonadectomy dictate consumer 
choices and impact consumers acceptance of meat from neutered animals [92–94], 
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despite that in most cases they do not have enough information to make a decision 
based on knowledge [95].

Surgical castration of male piglets is a common management practice in pig farms, 
usually performed by farm workers. The piglets are restrained, normally by suspend-
ing them upside down, by their hind limbs, laid across a smooth rail, or in a tilted 
castration table or through. The skin of the scrotum is cut, the testicle is exteriorized, 
and then, often is steadily pulled from the scrotum until the spermatic cord is torn 
[96, 97]. Most often a two-incision technique is used, so the procedure is repeated in 
the remaining scrotal testicle. Discomfort with increased vocalization and body tem-
perature (fever) is common in the days following the procedure, which is reflected in 
a decreased growth rate [2, 7]. Most common post-surgical complications of surgical 
castration are infection and abscess formation [98]. Illness, poor performance, or 
death can occur within the peri-operative period, negatively impacting the suckling 
period. Morales et al. [99] showed that surgical castration had increased pre-weaning 
mortality and negatively affected body weight at weaning, in the heaviest piglets.

Contrastingly, the immunocastration technique involves two, in some cases three 
subcutaneous injections of a small volume (2 mL). A limited amount of transient 
pain due to the needle insertion might happen [86]. However, from an ethical 
point of view, it is considered negligible. The procedure does not require ethical 
approval [100]. In industrialized full-indoor industrialized systems, the vaccina-
tion is often performed without any kind of physical restrain, keeping the animals 
in their environment undisturbed. In outdoor systems, however, the injections may 
cause some practical difficulties, as they usually require restraining the animals 
which may disturb the pigs’ normal daily routine. Still, the immunocastration can be 
categorized as an animal-friendly method, similar to any other routine vaccination 
procedure [101].

In countries and systems where animals are kept only until shortly after they reach 
sexual maturity, the standard protocol with two injections is enough to avoid any 
dominance-related behaviors. However, in systems where animals are slaughtered 
at older ages, additional vaccination boosters, totalizing three or even four injec-
tions, might be needed to prolong the suppressive effects on the gonadal activity. 
These long-term, earlier protocols were tested in some experiments and successfully 
reduced secretion of sex steroid hormones and controlled boar taint [45, 46], reduc-
ing the chances of aggressive sexually driven behaviors.

4.3 �Improvement of behavior and social interactions

Castration in pigs is campaigned because it modifies behaviors favoring the 
coexistence between animals from the same group, while also preventing unwanted 
breeding and the development of boar taint compound [102, 103]. After the second 
vaccination, most pigs will behave like surgically castrated animals. Thus, undesir-
able aggressive and mounting behaviors typical of the intact males are significantly 
reduced after the second immunization [52, 104, 105], resulting in less skin lesions 
observed at slaughterhouse [106]. These suppressive effects might last up to 16 or 
22 weeks after the second vaccination [107].

Penile injuries in entire male pigs have been largely discussed as a relevant welfare 
problem in pork production. A recent study [108] indicates high incidence of this 
phenomenon in boars in contrast with barrows, whereas this issue is not detected. 
Contrary to surgical castration, immunocastration does not eliminate penile injuries, 
but significantly reduces them and their severity [109, 110].
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5. �Impact of immunocastration on alternative farming

5.1 �Challenges of outdoor access

As already mentioned, alternative farming systems are often characterized by 
the animal’s outdoor access. Most autochthonous breeds in the Iberian region are 
raised in extensive systems and free-range conditions, where they are mostly kept in 
outdoor pens, permaculture pastures, or even sparsely forested grasslands [111]. In 
those systems, both males and females are slaughtered at 14–16 months old [111]. This 
implies that unintended pregnancies may occur due to mating with domestic or wild 
boars [77, 112]. As wild boars search for females in heat in the rutting season [113], 
the absence of female heat can be a factor in diminishing disease transmission, such as 
the African Swine Fever.

To avoid this problem, not only males but also females are gonadectomized 
at younger ages [77, 114], increasing the risk of infection and subsequently wel-
fare issues [76]. Immunocastration can prevent estrus and ovulation in females 
[53, 72, 115], presenting itself as a better solution for these systems than surgical 
castration welfare-wise.

5.2 �Balancing welfare and performance

One of the issues of raising entire males to the typical ages of autochthonous 
breeds is the sexual and aggressive behavior. Prior to the second inoculation, pigs that 
have undergone immunocastration may exhibit behaviors that are typical of entire 
males and can be classified as such [116]. As mentioned before, these aggressive and 
mounting occurrences result in a decrease in animal welfare, evident in the higher 
number of skin lesions presented in these animals [106, 116]. After the second inocu-
lation, the incidence of skin lesions disappears [117] and less aggressive behavior is 
observed [106, 118], significantly improving their animal welfare [119].

It has been reported that the best productive parameters such as average daily 
weight gain (DWG) and feed conversion ratio (FCR) are better in immunocastrated 
pigs than in the surgically castrated [61]. This phenomenon becomes more pro-
nounced in the latter stages of rearing and fattening (>80 kg BW), when the immu-
nocastration is performed in older, post-pubertal animals [109, 120].

On that regard, the immunocastrated pigs behave similarly to the entire males. 
After the second injection, average daily feed intake (ADFI) increases sharply, thus 
resulting in faster and more efficient growth [121]. In sum, immunocastration can be 
considered as an intermediate between surgically castrated and entire males in overall 
performance. Thus, for the fattening period, immunocastration is more efficient than 
surgical castration [42, 107]. Recently, Poulsen Nautrup et al. [122] in a meta-analysis 
confirmed that immunocastrated pigs have higher DWG and lower FCR compared to 
those surgically castrated.

Considering productive performances, immunocastrated pigs are able to use the full 
growth potential of entire males, while also benefiting from the metabolism of cas-
trated animals [65]. Therefore, presenting better performance when compared to surgi-
cally castrated males [42, 123]. Heavier carcasses, higher percentages of lean meat, and 
lower fat thickness are the defining characteristics of this improvement [42, 61, 122].

As the effect of Improvac® is reported as “reversible”, there was a major concern 
from the farmers of these breeds as to what the correct immunocastration scheme 
ought to be used [62]. Several studies have already been made toward this goal 
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[47, 48, 59, 62, 69–77] but no consensus was reached. Each production system has its 
own individual traits which should be taken into consideration when designing the 
vaccination schemes.

6. �Conclusion

Surgical castration is frowned upon by consumers due to the pain and stress 
inflicted on the animals. Several alternatives have been procured, but not many 
can be applied to the production systems characteristic of autochthonous breeds. 
Raising entire males and females up to the normal slaughter age, far after their 
sexual maturity, often results in several issues, such as aggressive behavior and 
possible unwanted pregnancies. As consumers prioritize animal welfare, immu-
nocastration presents itself as a viable solution. Besides the obvious welfare and 
well-being advantages, immunocastrated pigs also have superior production 
performance when compared to surgically castrated males, a big economic advan-
tage for their breeders.

Appropriate protocols should be designed for each breed and production system 
to determine the most effective protocol, while also harmonizing the regulations for 
wider adoption of this method. Consumer education should also be a priority, as their 
awareness and support are crucial for promoting immunocastration acceptance.
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