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Abstract

:

Simple Summary


The vomeronasal organ plays a key role in intraspecific animal behavior since it is able to detect pheromones. Induced and spontaneous lesions of this structure have been previously associated with various social behavior alterations in animals. In cats, the inflammation of this organ, named vomeronasalitis, has been associated with the presence of aggression towards other cats. The aim of this study was to describe this pathology in farm pigs and to evaluate if it is associated with social alterations as described in cats. Our study showed that farm pigs can be affected by the inflammation of the vomeronasal organ and that the pigs with this alteration present an increased number of skin lesions induced by fights with other pigs. These results open an interesting perspective that links the alteration of this organ to the presence of aggressive behaviors in farm animals, which implicates an important issue in animal welfare.




Abstract


The vomeronasal organ (VNO) is a bilateral chemosensory structure strongly involved in animal behaviour, thanks to its sensory epithelium (VNSE) that detects pheromones. Experimental VNO lesions can impair social, reproductive and maternal behaviour, while feline spontaneous vomeronasalitis has been associated with aggression. This study aimed to describe vomeronasalitis in farm pigs and explore its association with intraspecific behavioural alterations. Using 38 six-month-old pigs, the skin lesion score based on Welfare Quality® protocols was obtained during the fattening period. The seventy-six VNOs from these pigs were stained in haematoxylin-eosin for histological examinations. VNSE inflammation was classified considering its intensity. Skin lesions data were compared to vomeronasalitis. There were 34% of pigs that showed unilateral VNSE inflammation, while 66% were bilaterally affected. The mean ± SD number of skin lesions/animal was 4.4 ± 2.82, and 34% of pigs scored 1 (moderately wounded animals) at least once during the fattening period. Statistical analysis showed an association between bilateral vomeronasalitis and skin lesion score (p < 0.05) and between bilateral moderate vomeronasalitis and skin lesions number (p < 0.01). This is the first report linking vomeronasalitis to social life in farm animals. Considering the role of social life in animal welfare, our data opens a research field linking pathology to animal behaviour.
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1. Introduction


The vomeronasal organ (VNO) is a bilateral peripheral chemosensory structure that plays a pivotal role in the detection of pheromones in animals [1]. In pigs, the VNO key role in behaviour and chemical communication has been widely demonstrated by various studies [2,3,4]. As for the other species, porcine VNO is composed of a non-sensory epithelium (NSE) and a sensory epithelium (VNSE); only the VNSE contains receptor neurons that are able to detect pheromones [4]. In fact, from a histological and functional point of view, the VNSE strongly resembles the sensorial epithelium of the main olfactory system, while the NSE is comparable to the respiratory epithelium of the nasal cavity [5].



The critical role of the VNO in several aspects of animal behaviour has been widely demonstrated by studies focused on the experimental impairment of this organ. VNO surgical removal has been associated with deficits in reproductive behaviour in mice [6,7] and alarm pheromones detection in rats [8]. Moreover, the closure of the VNO nasoincisive duct has been linked to reproductive alteration in does [9] and deficits in maternal behaviour in sheep [10]. On the contrary, only a few pieces of evidence of spontaneous VNO alterations have been up to now described. In tree shrews, lymphocytic nodules were identified in VNO soft tissue, but the authors did not consider this change a pathological finding [11]. A similar observation has been recently reported in wallabies [12], while, in laboratory rabbits, the presence of VNO microabscesses was reported after the instillation of experimental solutions in the nasal cavity [13]. In mice, the VNO cells were shown as the Pseudorabies virus infection after experimental intranasal inoculation [14]. More recently, always in mice, the degenerative changes induced by the ageing process were characterized [15]. Finally, the relationship between vomeronasalitis and intraspecific aggressive disorders in domestic cats has been described [16], and it is the only report that links VNO spontaneous alterations to animal behavioural changes.



Intra-specific aggression in pigs could affect long-term social stress and have a negative impact on the welfare and productivity of pigs [17,18]. Aggressive behaviour is a component of the behaviour repertoire of both wild boar and pigs under commercial conditions. At mixing, aggressions occur for establishing a hierarchy between unfamiliar animals. Although aggression is most severe during the 24h post-mixing, a basal level of aggression persists thereafter in stable social groups, even when resource needs for survival are fully met [19].



The accumulation of skin lesions has been shown to reflect the involvement in aggressive behaviours, therefore skin lesions are commonly used to investigate the presence of aggression in farm pig groups [20]. The Welfare Quality® (WQ) assessment protocol for pigs, which describes the procedures and requirements for the assessment of the welfare in farm pigs, also includes the indicator “wounds on the body” in the labelled animal welfare principle of “good health” [21].



As previously mentioned, the chemical messages play a critical role in vertebrates’ intraspecific communication, and the VNO is the structure responsible for their detection [1,22]. The aims of the present study were (1) to describe the VNO inflammation in pigs and (2) to assess if VNO inflammation was associated with skin lesions in stable groups of female pigs. It was hypothesized that VNO might be affected by inflammatory alterations, and these conditions may be associated with a higher number of skin lesions, which is indicative of chronic aggression in stable social groups.




2. Materials and Methods


2.1. Animals and Housing Conditions


Thirty-eight six-month-old female pigs ((Landrace × Large White) × Piétrain) from the experimental facilities of IRTA (Monells, Spain) were included in this study. Pigs were housed in slatted pens (5 × 2.7 m) provided with one steel drinker bowl (15 × 16 cm) connected to a nipple and a concrete feeder (58 × 34 cm) with four feeding places. Pigs had water and food ad libitum. Pigs were daily inspected, and no health problems were observed during the experimental period. Pigs were transported to the experimental slaughterhouse of IRTA (1.2 km trip) in pen groups, at 23 to 27 weeks of age (mean 108.0 ± SD 12.4 kg of body weight). Pigs were driven to a CO2 stunner and exposed to 90% for 3 min before exsanguination. Pigs snouts were obtained and fixed in 10% buffered formalin (pH 7.4) for histopathological analysis. The study was reviewed and approved by the Institutional Animal Care and Use Committee of IRTA and Generalitat de Catalunya (protocol number 7622).




2.2. Skin Lesions


Skin lesions were assessed based on the Welfare Quality® assessment protocol (http://www.welfarequalitynetwork.net/media/1018/pig_protocol.pdf, accessed on 30 November 2021) for pigs [18], 3 times during the fattening period (at 4, 5 and 6 months of age). One side of the pigs’ body was inspected visually for the presence of fresh scratches (fresh blood, bright red and longer than 2 cm), considering 5 separate zones: ear, front, middle, hind-quarters and legs. The number of skin lesions per zone and pig was obtained. Additionally, pigs were scored as 0 (no wounded animals) if all regions of its body had a maximum of 4 scratches. Pigs were scored as 1 (moderately wounded animals) when from 5 to 10 scratches were observed at least in 1 zone or a maximum of 1 body region with 11 to 15 scratches. Pigs were scored as 2 (severely wounded animals) when more than 10 scratches were observed on a minimum of 2 zones of the body or if any zone had more than 15 scratches.




2.3. Histopathological Analysis


The 76 VNOs from the 38 pigs were extracted from the 38 snouts, processed by routine methods and paraffin-embedded for the histological analysis. VNOs were cut transversally to respect their length in order to have serial sections and exhaustively observe both the NSE and the VNSE at the histological exam. Four-µm-thick sections were cut and stained with hematoxylin and eosin for the histopathological investigation. VNSE and NSE inflammations were classified depending on the intensity of the process by weak (score 1), moderate (score 2) and strong (score 3) inflammation, and by acute or chronic, according to the type of cellular infiltrate [16]. Due to the different roles played by NSE and VNSE [4], only VNSE changes were included in statistical tests. Laterality of VNSE inflammation was also considered. According to the histological exam, three pathological conditions were assessed: (i) absence/presence of bilateral VNSE inflammation, independently from alteration intensity; (ii) absence/presence of bilateral moderate VNSE inflammation; and (iii) right plus left scores total. Pigs were scored as follows: 1 = 1 weakly inflamed VNSE; 2 = 2 weakly inflamed or 1 moderately inflamed VNSEs; 3 = 1 weakly and 1 moderately inflamed VNSE; 4 = 2 moderately inflamed VNSE.




2.4. Statistical Analysis


The VNSE pathological results were compared with the mean value of three skin lesions measurements (as quantitative data) and skin lesion score (as qualitative data). Statistical analysis was performed using 9.4 SAS software (SAS Institute Inc., Cary, NC, USA). As the mean number of skin lesions presented neither a normal distribution nor homoscedasticity, the Wilcoxon two-sample test and the Kruskal–Wallis one way ANOVA were used using the npar1way procedure. The skin lesion score was compared to pathological variables using the Fisher exact test due to the small size of the samples using the freq procedure. Statistical significance was based on a 5% (0.05) significance level.





3. Results


3.1. Skin Lesions


The mean number of the 3 skin lesions measurements was 4.4 (SD: 2.82; range: 1–11.7). Regarding the skin lesion score, 25/38 subjects (65.8%) scored 0 in all the assessments, while 13/38 (34.2%) scored 1 at least once during the studied period. No animals scored 2 in any measurement. Data concerning skin lesions and skin lesion scores are reported in Table 1, individual data are reported in supplementary material Table S1.




3.2. Histopathological Analysis


Of the 76 VNOs included in the study, the VNSE did not present pathological changes in 13 samples (17.1%), while in 31/76 (40.8%) and 32/76 (42.1%), the VNSE was affected by chronic inflammation of weak and moderate intensity, respectively. The NSE was always affected by chronic inflammation, of weak intensity in 30/76 (39.5%) and moderate-intensity in 46/76 (60.5%) pigs. No VNOs presented inflammation of strong entity in the VNSE or NSE portion. Inflammatory infiltrate was mainly located in the soft tissue under epithelia and was mostly composed of mature small lymphocytes (Figure 1). Plasma cells and macrophages were present in smaller quantities, while mast cells and mature non-degenerate neutrophils were only rarely observable. Moreover, neutrophils were almost exclusively located among epithelial layers. In moderate inflammations, inflammatory cells arrived to infiltrate vomeronasal nerves and glands. The different intensities of VNSE inflammation are illustrated in Figure 1.



There were 13/38 (34.2%) subjects who presented unilateral VNSE inflammation, while in 25/38 (65.8%) VNSE inflammation was bilateral (supplementary material: Table S1). Of the bilaterally affected, 12/38 (31.6%) pigs presented a moderate bilateral VNSE inflammation. The distribution and intensity of VNSE inflammation is reported in Table 2.



Summing up the VNSE inflammatory score from each VNO for each pig, we obtained the following groups: 11/38 (28.9%) pigs scored 1 (group 1), 9/38 (23.7%) scored 2 (group 2), 6/38 (15.8%) scored 3 (group 3) and 12/38 (31.6%) scored 4 (group 4).




3.3. Association between Skin Lesions and Vomeronasalitis


Regarding the mean number of skin lesions, there was no difference between pigs with unilateral VNSE inflammation and those bilaterally affected (p = 0.10), if the intensity of the process was not considered. On the contrary, an association between the presence of bilateral moderate VNSE inflammation and the mean number of skin lesions (p = 0.0001) was observed. Pigs affected by bilateral moderate VNSE inflammation presented a mean skin lesions number of 6.85, while the other subjects were 3.0, as shown in Figure 2A. Considering the total VNSE inflammation score, pigs scored as 4 presented more skin lesions than all the other groups (pigs scored as 1: 2.7, pigs scored as 2: 3.3, pigs scored as 3: 2.85, pigs scored as 4: 6.85; p = 0.0001;), as reported in Figure 2B. No differences were observed between pigs scored as 1, 2 and 3 (p > 0.05).



An association between skin lesion score 1 and all the histopathological parameters was detected: bilateral VNSE inflammation (p < 0.05), bilateral moderate VNSE inflammation (p < 0.01) and VNSE total score (p < 0.01). In particular, the pigs scored as 4 for VNSE inflammation correlated with skin lesion score 1 if compared with pigs scored as 1 (p = 0.0004), pigs scored as 2 (p = 0.0019) and pigs scored as 3 (p = 0.0128). No differences were observed comparing scored as 1, 2 and 3 for VNSE inflammation between them (p > 0.05).





4. Discussion


This report described for the first time spontaneous VNO inflammation in farm animals, specifically in pigs. Moreover, bilateral VNO inflammation was associated with skin lesions, which are indicative of aggression. Up to now, this phenomenon has been described only in cats by previous research in which we found an association between VNSE inflammation and intraspecific aggression [16].



As in cats, we observed that the porcine VNO was affected only by chronic inflammations, with no cases of acute and suppurative [16]. Intensive farm pigs are chronically exposed to several environmental contaminants, such as dust, ammonia and hydrogen sulfide, which can induce respiratory tract diseases [23,24]. The respiratory system is constantly exposed to these contaminants, and it is suggested that the VNO can also be the target, as its anatomical position and histomorphology is partially comparable to the nasal cavity [5]. Furthermore, from a macroscopic and histological point of view, all the lesions that we observed were not attributable to a specific pathogen. On the other hand, the absence of acute vomeronasalitis in our population may be due to the fact that all the animals/pigs were slaughtered at the same age, thus after six months of exposition to the previously mentioned contaminants, when the acute phase was already passed, and the inflammation switched to chronic. In this study, the presence of the VNO alteration was assessed by post-mortem histology. Further studies should also investigate the possibility to detect this kind of alteration in living animals to detect earlier and eventually treat them (with non-steroidal anti-inflammatory drugs, for example). The current bibliography on this topic is inexistent, except for a recent study in which the authors could clearly visualize the VNO by magnetic resonance imaging in dogs [25]. This technique seems to be a promising tool to assess VNO conditions in vitam.



The importance of chemical communication in vertebrates’ life has been widely recognized, as well as the role of the VNO in detecting this kind of message [1,22]. Intraspecific communication plays a role even more critical in farm animals due to the increased density condition in intensive pig production systems [26]. In fact, these conditions lead to frustration-induced behaviors, with the consequent increase of intraspecific aggression and problems in the environmental adaptation process. The pigs assessed in the present study were allocated in experimental conditions (with densities from 0.7 m2/pig to 1 m2/pig). Consequently, it is expected that inflammation of the VNO could be even more intense in pigs allocated in commercial conditions (with densities of 0.65 m2/pig until 110 kg body weight).



Even if further studies should be carried out to better verify the possible cause-effect relation, the statistical analysis revealed that skin lesions were associated with the presence of bilateral inflammation of the VNSE, the VNO portion responsible for chemical messages detection [5]. More precisely, moderate VNSE changes reduced welfare conditions more than weak inflammation, as a probable consequence of the increasing impairment action carried out by the inflammatory microenvironment. In humans, olfactory dysfunction has been associated with olfactory mucosa inflammation [27], and some cytokines have been recognized as directly involved in olfactory loss during human and mouse chronic inflammation, such as the tumor necrosis factor-alpha (TNF-α) and the interleukin 6 (IL-6) [28,29,30]. Considering the morphological and functional similarities between the olfactory mucosa and the VNSE [5], it is the authors’ opinion that such microenvironment could also be at the base of VNO dysfunction during porcine vomeronasalitis, as we previously suggested in cats [16]. In particular, TNF-α impairs mouse olfaction through reduction of neurons number, olfactory epithelium thickness and nervous function [28,29].



Some interesting data is that unilateral VNSE inflammation does not seem to influence pig behavior. In fact, only the bilateral VNSE inflammation was associated with increased skin lesions. It is suggested that one healthy VNO can guarantee a normal semiochemicals detection in this species, supplying to the dysfunction of the affected VNO. On the contrary, pigs with bilateral VNSE alterations seem to present reduced chemical communication capabilities, a condition that could increase the risk of social disorganization, making these animals more exposed to other pigs’ aggression.



Furthermore, it is well established that animal behavior and animal welfare are two very strictly linked aspects of animals’ life [31], and the health status of a population can impact the level of welfare. For these reasons, it is the authors’ opinion that this first description of porcine vomeronasalitis could also be considered as a welfare problem. As mentioned before, high animal density is a critical factor in animal welfare worsening, as this condition facilitates contact and aggressive behaviors among pigs [26]. Moreover, animal density plays a key role also in increasing farm contaminants concentration, such as ammonia, hydrogen sulfide and dust, which are commonly responsible for respiratory inflammation [23,24] and potentially for vomeronasalitis. Thus, during a complex situation in which pigs must constantly communicate among them, they could not fully dispose of one of the most important types of intraspecific communication, as the chemical messages are [1,22]. Due to the multifactorial nature at the base of animal welfare and behavior, one of the most important implications emerging from our study is that the vomeronasalitis could contribute to animal welfare worsening, as a cofactor of the other causes reported until now in the literature [26]. Even if our results should be confirmed by further studies focused on farm animal vomeronasalitis and its implications, this study may open an innovative way of research in support of animal welfare.




5. Conclusions


To the best of our knowledge, here we described for the first time the evidence of vomeronasalitis in farms pigs and its potential role in influencing animal behavior and welfare. Even if other studies are needed before drawing firmer conclusions, these results could reveal a number of critical implications, considering the pivotal role of this organ in several aspects of animal life. Furthermore, the description of chronic vomeronasalitis in pigs highlights the importance to consider healthy environmental farm conditions in order to prevent animal welfare problems.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/ani12030303/s1, Table S1: individual data of skin lesion and VNO inflammation parameters. The data presented in this study are available within the article in the supplementary files.





Author Contributions


Conceptualization, P.A., E.M., A.C. and P.P.; methodology, P.A., E.M., C.B.-F. and E.T., validation, P.A., E.M. and P.P.; formal analysis, P.A., E.M. and E.T.; investigation, P.A., E.M. and R.C.; resources, A.C. and P.P.; data curation, E.T.; writing—original draft preparation, P.A.; writing—review and editing, E.M., A.C., C.B.-F. and P.P.; visualization, P.A., E.M. and E.T.; supervision, P.P.; project administration, P.A. and E.M. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The animal study was reviewed and approved by Institutional Animal Care and Use Committee of IRTA and Generalitat de Catalunya (protocol number 7622).




Informed Consent Statement


Not applicable.




Data Availability Statement


The data presented in this study are available within the article in the supplementary Materials.




Acknowledgments


We would like to thank the Institutional Animal Care and Use Committee of IRTA and the Generalitat de Catalunya for their comments and the approval of the protocol.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Pérez-Gómez, A.; Stein, B.; Leinders-Zufall, T.; Chamero, P. Signaling mechanisms and behavioral function of the mouse basal vomeronasal neuroepithelium. Front. Neuroanat. 2014, 26, 8–135. [Google Scholar]

	



Salazar, I.; Sanchez-Quinteiro, P.; Lombardero, M.; Cifuentes, J.M. A descriptive and comparative lectin histochemical study of the vomeronasal system in pigs and sheep. J. Anat. 2000, 196, 15–22. [Google Scholar] [CrossRef] [PubMed]

	



Guiraudie, G.; Pageat, P.; Cain, A.H.; Madec, I.; Nagnan-Le Meillour, P. Functional characterization of olfactory binding proteins for appeasing compounds and molecular cloning in the vomeronasal organ of pre-pubertal pigs. Chem. Senses 2003, 28, 609–619. [Google Scholar] [CrossRef] [PubMed]

	



Zancanaro, C. Vomeronasal organ: A short history of discovery and an account of development and morphology in the mouse. In Neurobiology of Chemical Communication, 1st ed.; CRC Press: Boca Raton, FL, USA, 2014; pp. 285–296. [Google Scholar]

	



Salazar, I.; Sanchez-Quinteiro, P.; Barrios, A.W.; López Amado, M.; Vega, J.A. Anatomy of the olfactory mucosa. Handb Clin. Neurol. 2019, 164, 47–65. [Google Scholar]

	



Wysocky, C.; Lepri, J. Consequences of removing the vomeronasal organ. J. Steroid Biochem. Mol. Biol. 1991, 39, 661–669. [Google Scholar] [CrossRef]

	



Pankevich, D.; Cherry, J.; Baum, M. Effect of vomeronasal organ removal from male mice on their preference for and neural Fos responses to female urinary odors. Behav. Neurosci. 2006, 120, 925–936. [Google Scholar] [CrossRef] [PubMed]

	



Kiyokawa, Y.; Kikusui, T.; Takeuchi, Y.; Mori, Y. Removal of the vomeronasal organ blocks the stress-induced hyperthermia response to alarm pheromone in male rats. Chem. Senses 2007, 32, 57–64. [Google Scholar] [CrossRef] [PubMed]

	



Booth, K.K.; Webb, E.C. Effect of blockage of the ducts of the vomeronasal organ on LH plasma levels during the “Whitten Effect” in does. Vet. Med. Int. 2010, 2011, 305468. [Google Scholar] [CrossRef]

	



Booth, K.K.; Katz, L.S. Role of the vomeronasal organ in neonatal offspring recognition in sheep. Biol. Reprod. 2000, 63, 953–958. [Google Scholar] [CrossRef]

	



Loo, S.K.; Chin, K.N. Lymphoid tissue in the nasal mucosa of primates, with particular reference to intraepithelial lymphocytes. J. Anat. 1974, 117, 249–259. [Google Scholar]

	



Torres, M.V.; Ortiz-Leal, I.; Villamayor, P.R.; Ferreiro, A.; Rois, J.L.; Sanchez-Quinteiro, P. Does a third intermediate model for the vomeronasal processing of information exist? Insights from the macropodid neuroanatomy. Brain Struct. Funct. 2021, 1–19. [Google Scholar] [CrossRef] [PubMed]

	



Pereira, M.E.; Macri, N.P.; Creasy, D.M. Evaluation of the rabbit nasal cavity in inhalation studies and a comparison with other common laboratory species and man. Toxicol. Pathol. 2011, 39, 893–900. [Google Scholar] [CrossRef] [PubMed]

	



Babic, N.; Mettenleiter, T.C.; Ugolini, G.; Flamand, A.; Coulon, P. Propagation of pseudorabies virus in the nervous system of the mouse after intranasal inoculation. Virology 1994, 204, 616–625. [Google Scholar] [CrossRef] [PubMed]

	



Mechin, V.; Pageat, P.; Teruel, E.; Asproni, P. Histological and Immunohistochemical Characterization of Vomeronasal Organ Aging in Mice. Animals 2021, 11, 1211. [Google Scholar] [CrossRef] [PubMed]

	



Asproni, P.; Cozzi, A.; Verin, R.; Lafont-Lecuelle, C.; Bienboire-Frosini, C.; Poli, A.; Pageat, P. Pathology and behaviour in feline medicine: Investigating the link between vomeronasalitis and aggression. J. Feline Med. Surg. 2016, 18, 997–1002. [Google Scholar] [CrossRef] [PubMed]

	



Arey, D.S.; Edwards, S.A. Factors influencing aggression between sows after mixing and the consequences for welfare and production. Livest. Prod. Sci. 1998, 56, 61–70. [Google Scholar] [CrossRef]

	



Stookey, J.M.; Gonyou, H.W. The effects of regrouping on behavioral and production parameters in finishing swine. J. Anim. Sci. 1994, 72, 2804–2811. [Google Scholar] [CrossRef] [PubMed]

	



Turner, S.P.; Roehe, R.; D’Eath, R.B.; Ison, S.H.; Farish, M.; Jack, M.C.; Lundeheim, N.; Rydhmer, L.; Lawrence, A.B. Genetic validation of post mixing skin injuries in pigs as an indicator of aggressiveness and the relationship with injuries under more stable social conditions. J. Anim. Sci. 2009, 87, 3076–3082. [Google Scholar] [CrossRef]

	



Turner, S.P.; Farnworth, M.J.; White, I.M.S.; Brotherstone, S.; Mendl, M.; Knap, P.; Penny, P.; Lawrence, A.B. The accumulation of skin lesions and their use as a predictor of individual aggressiveness in pigs. Appl. Anim. Behav. Sci. 2006, 96, 245–259. [Google Scholar] [CrossRef]

	



Welfare Quality. Welfare Quality® Assessment Protocol for Pigs (Sows and Piglets, Growing and Finishing Pigs); Welfare Quality Consortium: Lelystad, The Netherlands, 2009. [Google Scholar]

	



Wyatt, T.D. Pheromones and Animal Behavior: Chemical Signals and Signature Mixes, 2nd ed.; Cambridge University Press: Cambridge, UK, 2014. [Google Scholar]

	



Bruce, J.M. Ventilation and Temperature Control Criteria for Pigs. In Environmental Aspects of Housing for Animal Production, 1st ed.; Butterworths: London, UK, 1981; pp. 197–216. [Google Scholar]

	



The Humane Society of the United States. An HSUS Report: The Welfare of Animals in the Pig Industry. HSUS Reports: Farm Industry Impacts on Animals; The Humane Society of the United States: Washington, DC, USA, 2010; p. 28. [Google Scholar]

	



Dzięcioł, M.; Podgórski, P.; Stańczyk, E.; Szumny, A.; Woszczyło, M.; Pieczewska, B.; Niżański, W.; Nicpoń, J.; Wrzosek, M.A. MRI Features of the Vomeronasal Organ in Dogs (Canis Familiaris). Front Vet Sci. 2020, 7, 159. [Google Scholar] [CrossRef]

	



EFSA Panel on Animal Health and Welfare (AHAW). Scientific Opinion on the use of animal-based measures to assess welfare in pigs. EFSA J. 2012, 10, 2512. [Google Scholar] [CrossRef]

	



Kern, R.C. Candidate’s Thesis: Chronic sinusitis and anosmia: Pathologic changes in the olfactory mucosa. Laryngoscope 2000, 110, 1071–1077. [Google Scholar] [CrossRef] [PubMed]

	



Lane, A.P.; Turner, J.; May, L.; Reed, R. A genetic model of chronic rhinosinusitis-associated olfactory inflammation reveals reversible functional impairment and dramatic neuroepithelial reorganization. J. Neurosci. 2010, 30, 2324–2329. [Google Scholar] [CrossRef] [PubMed]

	



Turner, J.H.; May, L.; Reed, R.R.; Lane, A.P. Reversible loss of neuronal marker protein expression in a transgenic mouse model for sinusitis-associated olfactory dysfunction. Am. J. Rhinol. Allergy 2011, 24, 192–196. [Google Scholar] [CrossRef]

	



Henkin, R.I.; Schmidt, L.; Velicu, I. Interleukin 6 in Hyposmia. JAMA Otolaryngol. Head Neck Surg. 2013, 139, 728–734. [Google Scholar] [CrossRef] [PubMed]

	



Lindberg, C. Animal behaviour and animal welfare. J. Biol. Educ. 1995, 29, 16–22. [Google Scholar] [CrossRef]








[image: Animals 12 00303 g001 550] 





Figure 1. Pig vomeronasal organ. (A) Porcine chronic vomeronasalitis affecting the vomeronasal sensory epithelium (VNSE) and non-sensory epithelium (NSE). Hematoxylin and eosin stain. Scale bar, 150 µm. (B) Healthy VNSE. Hematoxylin and eosin stain. Scale bar, 50 µm. (C) Weak chronic vomeronasalitis affecting porcine VNSE. A weak inflammatory infiltrate (arrows) is observable under the epithelium. Hematoxylin and eosin stain. Scale bar, 50 µm. (D) Moderate chronic vomeronasalitis affecting porcine VNSE. A dense inflammatory infiltrate, mainly composed of small and mature lymphocytes (arrows), is observable under the epithelium and among the vomeronasal glands. Hematoxylin and eosin stain. Scale bar, 100 µm. 
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Figure 2. (A) Box plot showing the mean number of skin lesions in pigs bearing bilateral VNSE moderate inflammation and pigs bearing weaker alterations. Pigs with bilateral VNSE moderate inflammation (“positive” in the figure) presented a significant increase in skin lesions (p = 0.0001). (B) Box plot showing the mean number of skin lesions in the four groups obtained considering the VNSE inflammation score. Pigs scored as 4 presented significantly more skin lesions than the other 3 groups (p = 0.0001). No differences were observed between pigs scored as 1, 2 and 3 (p > 0.05). 
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Table 1. Descriptive statistics of mean number of skin lesions according to zone of the body assessed (ear, front, middle, back, legs) and all body regions in the 38 pigs studied.






Table 1. Descriptive statistics of mean number of skin lesions according to zone of the body assessed (ear, front, middle, back, legs) and all body regions in the 38 pigs studied.





	Body Zone
	Mean
	SD





	Ear
	0.3
	0.36



	Front
	1.7
	1.31



	Middle
	1.2
	1.23



	Back
	1.1
	1.12



	Legs
	0.1
	0.22



	All body regions
	4.4
	2.80
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Table 2. Laterality and intensity of VNSE inflammation in the 38 pigs included in this study.
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	Laterality and Intensity of VNSE Inflammation.

(First VNO + Second VNO)
	Number of Cases
	Percent (%)





	Healthy
	0/38
	0



	Unilateral VNSE chronic inflammation
	13/38
	34.2



	healthy (score 0) + weak inflammation (score 1)
	11/13
	84.6



	healthy (score 0) + moderate inflammation (score 2)
	2/13
	15.4



	Bilateral VNSE chronic inflammation
	25/38
	65.8



	weak (score 1) + weak inflammation (score 1)
	7/25
	28.0



	weak (score 1) + moderate inflammation (score 2)
	6/25
	24.0



	moderate (score 2) + moderate inflammation (score 2)
	12/25
	48.0
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