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Simple Summary: Eurasian wild boars (Sus scrofa) are species of interest to continuously study and
monitor diseases due to their abundance, consumption, and their role as zoonotic disease reservoirs.
To the authors” knowledge, there is a lack of health assessments in this particular area of Spain,
which represented an opportunity for this assessment. This study aims to report and interpret some
histopathological findings (from the lung, liver, and kidney) in wild boars from different areas of
Castile and Ledn (Spain) to evaluate the health status of this population. Parasitic pneumonia (34.7%)
in the lungs and cellular alterations (33.3%) in the liver are some of the most common and relevant
lesions found. Further research and other diagnostic tests are needed to have definitive diagnoses or
to estimate zoonotic disease prevalence.

Abstract: Wild boars are wild ungulates with a wide distribution in Europe, with a relevant role
in wildlife and public health. In Spain, high (and sometimes artificial) densities of wild boars are
responsible for several health problems. Regular surveys, with hunters’ collaboration, are crucial
to monitor these diseases. Histological analyses were performed for lung, liver, and kidneys from
72 wild boars (58 from Zamora, 16 from Palencia). Lungs were the most affected organs, mainly
revealing parasitic pneumonia (34.7%). Hydropic, vacuolar, and other cellular changes (33.3%) and
congestion (16.7%) were found in the liver, and only 30.6% of the wild boars presented no alterations
in this organ. Regarding the kidney, non-purulent nephritis (22.2%) was the most common lesion.
This study gives an overview of the health status of wild boar populations in Castile and Leén. Other
laboratory analyses are needed to obtain definitive diagnoses of these lesions, reach other conclusions,
or apply any mitigation strategies to protect animals’ or consumers’ health.

Keywords: parasitic pneumonia; hydropic change; vacuolar change; histopathology

1. Introduction

Sus scrofa is a Eurasian wild ungulate with broad distribution in the Iberian Peninsula.
Wild boars are recognized for their extraordinary adaptability to different habitats and high
reproductive capacity. In addition, the absence of natural predators (such as wolves) or
other significant threats, depopulation of the rural territories, and the abandonment of tra-
ditional agriculture contribute to boars” occupation of new geographic areas. Consequently,
they are currently overabundant in large areas of the Iberian Peninsula, and getting closer
to humans, even in urban areas [1].
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Most zoonotic diseases (71.8%) originate in wildlife [2]. Wild boars can be considered
one of the best sentinel species in Mediterranean habitats. They are considered suitable
surveillance targets in these areas, not only due to their abundance but also due to their
accessibility for sampling, as a game species [3]. Therefore, wild boars’ studies, including
pathology surveys, may provide relevant data about wildlife health in our ecosystems and
public health, especially for hunters and boar meat consumers. The role of wild boars as
sources of infection to humans has been discussed and published worldwide, regarding
some zoonotic diseases, such as tuberculosis [4,5]. One of the most important settings of
animal tuberculosis in Europe concentrates in the southwestern Iberian Peninsula, in which
red deer, roe deer, and wild boar play an important role for its maintenance [6]. In Europe,
the prevalence of tuberculosis in wild boar ranges from 1 to 52%, being higher in the
southern Iberian Peninsula due to artificially high densities of wild boar (more than 90 per
square km) and consequent group aggregation near feeders and waterholes [7]. However,
other European wild boar diseases are also a matter of concern, as hepatitis E, presenting
a prevalence of 9.5% in an Italian region [8], and 40.8% in western Bulgaria [9]. The
importance of wild boars as sentinel species goes far beyond zoonotic disease surveillance,
since they may also be considered suitable indicators of pollutant exposure [10].

Castile and Leodn is the largest autonomous region of Spain, formed by a total of
nine provinces (Avila, Burgos, Ledn, Palencia, Salamanca, Segovia, Soria, Valladolid, and
Zamora) [11]. Animal tuberculosis is present and has been regularly assessed in wildlife
in this region. However, wild boars” prevalence in this region is considered low (4%),
especially compared to other southwestern areas of Spain [6,12]. On the other hand, a
human trichinellosis outbreak due to the consumption of wild boar meat from Castile and
Ledn was already reported [13]. A study performed in Castile and Leén (and Extremadura)
reported a 65.2% global prevalence of Metastrongylus spp., a lung parasite of wild boars, as
well as other relevant swine parasites as Ascaris suum or Trichuris suis [14]. Other diseases
and infectious agents reported in some autonomous regions of Spain (including Castile and
Leon) interfere with livestock disease control or affect human health, such as Aujeszky’s
disease, porcine circovirus, Brucella spp., and Toxoplasma gondii [15].

Wildlife histopathology studies have been significantly contributing to our knowledge
about animal and human diseases, providing a reference for reactive lesions to a certain
agent or establishing a guide for comparative medicine [16,17], as well as being crucial to
determine a cause of death or disease in a wild population [18].

To the authors” knowledge, not many histopathology surveys with wild boars have
been performed in this region. This work intends to show some lesions observed on the
histopathology of the lung, liver, and kidney from hunted wild boars from the Castile and
Leon region, Spain.

2. Materials and Methods
2.1. Sampling

A total of 72 wild boars culled between 7 and 25 February 2021 during the hunting
season in Castile and Ledn region, Spain, were included in the study: 58 wild boars were
from different areas of Zamora province and 14 were from Palencia province (Appendix A;
Table A1). No particular criteria, rather than population control and management, were
applied to the animal selection. Approximately 20 g of liver, kidney, and lung were gently
provided by hunters to ensure that we had enough amount of samples to perform our
analysis. All the provided pieces were obtained from the central regions of the parenchyma
of each organ (lungs and liver) and comprised all their layers. All the samples were collected
from fresh carcasses just after the animal’s death, avoiding autolytic post-mortem changes
that usually compromise the correct histopathological analysis. All the samples were fixed
in 10% formalin and stored until transportation to the laboratory. Samples were analyzed
in the Histopathology Laboratory from the University of Tras-os-Montes and Alto Douro
(UTAD, Portugal), and processed for light microscopy by routine histologic technique.
Samples were cut in small slices (2-3 mm) into tissue processing cassettes a in the fume
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hood (GrossLab, Shandon®, Thermo, Waltham, MA, USA). Tissues were then dehydrated
and embedded in paraffin in a tissue processor (Dakewe HP300®, Shenzhen, China), and
paraffin blocks were made in an embedding station (Histocentre, Shandon®, Thermo,
Waltham, MA, USA). Histological slides were prepared in an automated microtome (Leica
RM2255®, Leica Microsystems, Wetzlar, Germany) and stained with hematoxylin and
eosin in a linear automated slide stainer with carousel (Varistain 24-4, Shandon®, Thermo,
Waltham, MA, USA). Slides were observed under a blind test using an optical microscope
(Nikon E600®, Nikon Instruments Inc., Melville, NY, USA).

2.2. Statistical Analysis

Microsoft Excel® (accessed on 16 October 2022) was used to perform descriptive
statistics. SPSS® Statistics version 27.0 (accessed on 16 October 2022) was used for statistical
inference analysis. Pearson Chi-square test and Fisher’s Exact test were used for qualitative
data analysis. A confidence interval of 95% was considered (p-critical value = 0.05).

3. Results
3.1. Lung

A lot of animals presented verminous bronchitis (25/72; 34.7%) and showed bronchial
and bronchiolar lumens filled with nematodes associated with catarrhal inflammation,
free mucous, and severe lymphoid hyperplasia of Bronchus-Associated Lymphoid Tissue
(BALT) (Table 1). There was also severe to moderate hypertrophy and hyperplasia of
the bronchus and bronchiolar smooth muscle and occasional thickening of alveolar walls.
Eosinophils in the interstitial tissue, as well as in the bronchial and bronchiolar walls were
also observed. More rarely, small granulomas with giant cells and eosinophils surrounding
eggs or larvae, alveolar edema, and atelectasis (14/72; 19.4%) were seen (Figure 1). How-
ever, some animals presented hyperplasia of BALT and hypertrophy and hyperplasia of
the bronchus and bronchiolar smooth muscle without any observed nematodes.

Table 1. Histopathologic lesions found in each organ (lung, liver, and kidney), as well as the number
(N) and percentage (%) of animals affected.

Lung Liver Kidney
Lesions N % Lesions N % Lesions N %
Cellular changes: cell
Lymphoid hyperplasia 26 361 Sweling hydropic 24 333 Non-purulent 16 222
ymp yperp ’ change; vacuolar ’ nephritis ’
change
Agonic hemorrhage 25 34.7 centrolobular 1 1.4 Congestion 11 15.3
Verminous bronchitis 25 34.7 panlobular 8 11.1 Renal steatosis 2 2.8
Atelectasis 14 194  diffuse/notspecified 15 208  Chonicinterstitial 2 2.8
nephritis
Congestion 6 8.3 Congestion 12 16.7 Basal. membrane 2 2.8
thickening
Emphysema 4 5.6 Increase of eosinophils 11 15.3 Hyp ercellu}ar 2 2.8
glomeruli
Alveolar proteinosis 1 1.4 Increase c;feﬁtsher white 5 6.9 Cellular infiltration 2 2.8
Silicates 1 1.4 Hemosiderin 4 5.6 Hemosiderin 2 2.8
Hemosiderin 1 1.4 Granuloniuiitous 1 1.4 Purulent nephritis 1 14
hepatitis
Subacute hepatitis 1 14

Steatosis 1 14
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Hemorrhage, with no associated organic response, was detected in 34.7% of the cases
(25/72). Other lung lesions such as emphysema, alveolar proteinosis, and the presence of
silicates and hemosiderin were also observed, although in lower proportion than others.
Only 13 animals did not show lung changes (13/72; 18.1%). No significant differences were
found between the presence of each lesion and a specific region or province.

Figure 1. Severe lymphoid hyperplasia and verminous bronchitis (10x, 4 x).

3.2. Liver

Mild to moderate cellular changes, including cell swelling, hydropic change, or vacuo-
lar change, were the most common findings in the liver of the wild boars (24/72; 33.3%)
(Figure 2), due to intracellular glycogen storage. Congestion of the majority of the parenchy-
mal blood vessel (12/72; 16.7%) and infiltrations of eosinophils (11/72; 15.3%) (Table 1)
were also observed. An increase of other white blood cells, hemosiderin, granulomatous
hepatitis, subacute hepatitis, and steatosis were also observed, although with prevalence of
less than 7%.

Figure 2. Panlobular hydropic change in the liver (10x, 10x).
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In 22 animals, there were no significant liver changes (22/72; 30.6%). A statistically
significant difference of the presence of cellular changes was found between Zamora and
Palencia provinces (p = 0.003). In fact, all 24 cases were found in Zamora and no case was
found in Palencia province.

3.3. Kidney

Compared to the other organs, the kidney revealed fewer changes, and 34 wild boars
presented no detectable alterations (34/72; 47.2%). Non-purulent (subacute) interstitial
nephritis was the most frequently found lesion in the kidney (16/72; 22.2%), characterized
by a generalized inflammation of renal interstitium, with the presence of inflammatory
cells and fluid surrounding the renal tubule (Figure 3). Congestion of the majority of
the parenchymal blood vessel was present in 11 wild boars (11/72; 15.3%) (Table 1). Re-
nal steatosis, chronic interstitial nephritis, basal membrane thickening, hemosiderin, and
purulent nephritis were also observed, though in two or fewer wild boars. No signifi-
cant differences were found between the presence of each lesion and a specific region
or province.

Figure 3. Interstitial nephritis detected in the kidney (10x, 4x).

4. Discussion

In our study, the lung, kidney, and liver of 72 wild boars killed during the hunting
season of February 2021, in Zamora and Palencia (Castile and Leén, Spain) were analyzed.
Lungs were the most affected organs, and lesions were seen in more than 80% of the wild
boars. Wild boars frequently migrate in groups of females or lone males. Nevertheless, this
territorial expansion may contribute to an intraspecific (especially between females) and
interspecific (with domestic or wild species) spread of infectious diseases and, consequently,
histopathology lesions may be found [19].

Histologically, verminous pneumonia was the most prevalent pathology observed. It
was mainly associated with hyperplasia of BALT, bronchus and bronchiolar smooth muscle
hyperplasia, and with the presence of nematodes inside bronchus and bronchioles. Lym-
phoid hyperplasia of the lung belongs to the spectrum of reactive pulmonary lesions [20],
usually associated with parasitic lesions. Metastrongylus spp. infections in wild boars is
associated with the thickening of alveolar walls, infiltration of the interstitial tissue, and
lymphoid hyperplasia [21]. In some of our cases, infected lungs presented hyperplasia of
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BALT, as well as hypertrophy and hyperplasia of the smooth muscle, but no nematodes
were observed. This may be due to sampling of non-representative areas of the lung, or due
to parasite infection recovery before death. A study performed in Castile and Leon (and
Extremadura) reported 65.2% global prevalence of Metastrongylus spp.). Parasitological
exams are necessary to identify the nematodes present in our lung samples.

Enzootic pneumonia (Mycoplasma hyopneumoniae) has also been mentioned as a com-
mon cause of BALT hyperplasia in wild boars, which presents reactive lymphoid folli-
cles, increased bronchial and alveolar neutrophils, and interstitial infiltrates of different
cells (plasma cells, histiocytes and lymphocytes) [22]. A recent study also reported these
histopathological changes as the most prevalent in wild boars from southern Brazil. BALT
hyperplasia was present in 86.5% of the 226 cases, followed by suppurative bronchopneu-
monia (65.7%). Bacterial agents were also tested, and BALT hyperplasia was statistically
associated with M. hyopneumoniae and M. hyorhinis [23].

The observed lung hemorrhages (34.7%) were perimortem (agonic), not associated
with acute inflammatory response, so they may be associated with pulmonary contusions
induced by high-velocity gunshot injuries [24]. Nevertheless, important swine infectious
diseases (as African swine fever) are also associated with multiple hemorrhages, including
in the lungs [25], but other organic lesions are usually present. Hemosiderin may be
associated with old hemorrhagic lesion. Thus, hemorrhagic lesions must also be considered
in hunted wild boars’ sanitary inspection, and other causes (rather than gunshot injury)
must not be immediately discarded.

Hydropic and vacuolar changes were the most common liver changes observed and
were associated to glycogen storage, suggesting good nutrition of these wild boars [26].
However, stress, bacteria, virus, and toxic chemical substances (as persistent organic
pollutants, mercury, cadmium, and lead) are among other possible causes of hydropic
changes in multiple organs, including the liver [22,27]. Due to the lack of specificity of these
alterations, it is complicated to explain the statistical difference found between Zamora
and Palencia. Variations in food availability between regions may be responsible for
differences in hepatic glycogen and consequent hydropic changes. On the other hand, the
frequent use and detection of chlortoluron (and other herbicides) in soils, especially in
cereal production in Zamora, may be another explanation for these differences in hydropic
hepatic change [28,29]. The use of herbicides and their (direct or indirect) consumption
is a health hazard for both animals and humans. Nevertheless, only 14 wild boars were
sampled in Palencia, compared to 58 in Zamora, which might interfere with this statistic
result. Further research, mainly biochemical and toxicological exams, are needed to support
any of these causes.

Higher amounts of eosinophils in the liver (15.3% of the cases) are probably associated
with parasitic infections, although no parasites have been observed in our liver samples.
Ascaris suum, Fasciola spp. (as F. hepatica), Dicrocoelium dendriticum, or Echinococcus multiloc-
ularis are some examples of parasites that may affect wild boars’ liver [30-32]. In addition
to their importance in other domestic and wild animals, the mentioned parasites have been
reported as having zoonotic potential, leading (more or less frequently) to human disease
outbreaks [33-35]. Therefore, manipulating wild boar carcasses requires protective health
measures (as the use of personal protective equipment) [36]. Other causes, such as allergic
diseases or drug hypersensitivity, may also be related to high levels of eosinophils in the
liver [37] and other organs. Congestion and increase of different white-blood cells that we
also detect suggest inflammation of unspecified caused.

The kidney was the less affected organ (compared to the lungs and liver), presenting
no detectable lesions in 47.2% of the wild boars. Non-purulent nephritis was the most
frequent lesion (16; 22.2%). Porcine circovirus type-2 (PCV2) is responsible for severe non-
purulent interstitial nephritis in wild boars and domestic pigs worldwide [38,39]. Another
cause of kidney disease in wild boars is infection by the zoonotic bacteria Leptospira spp.
Leptospirosis was detected in 18% of 141 urban wild boars in a study in Berlin, Germany,
and was associated with chronic interstitial nephritis [40]. The presence of this bacteria
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in an urban environment reinforces the importance of health monitoring and preventive
measures to avoid the infection of domestic species and humans [41]. In fact, the correlation
between the presence of Leptospira spp. in wild populations and disease outbreaks in
humans has already been proven [42,43]. Chronic nephritis was present in two wild boars
in the present study (2.8%), therefore testing these animals for Leptospira spp. would be
adequate to determine the possible cause of the lesions observed.

Hemosiderin was found in all three organs (lung, liver, and kidney), although in
a few wild boars. Hemosiderin can accumulate in different organs in various diseases.
Although it is an unspecific finding, it is especially abundant after a hemorrhage in the
tissue, suggesting phagocytosis of red blood cells and hemoglobin [44].

Other diagnostic tests are needed to find the definitive cause of these histopathological
lesions, as molecular analysis, bacterial cultures, or toxicological methods. An integrated
analysis allows a deeper understanding of health threats affecting S. scrofa, as well as its
role in disease spreading to other wildlife, domestic species, and humans. Although with
a limited capacity to draw definitive conclusions, even the simplest (but well-performed)
wildlife pathology survey provides an idea about the general population’s health status [17].
There are not many histopathological studies of the wild boar populations in this region. It
is relevant to start with a general health approach (namely with histopathology) to follow
the next step to a more specific disease monitoring plan. Therefore, this study may provide
a first orientation to what should be prioritized, or what surveys should be carried out in
these wild boars.

5. Conclusions

For all three organs (lung, liver, and kidney), the number of samples with histological
alterations is higher than those with a normal pattern. Overall, the lung was the organ
where more lesions were identified, followed by the liver. Pulmonary infection by lung-
worms associated with lymphoid and smooth muscle hyperplasia was the most common
lesion. Cellular changes (hydropic and vacuolar changes) in hepatocytes were found in a
third of the cases, mostly associated with glycogen. Non-purulent nephritis was found in
the kidneys of 16 wild boars.

Some histopathological lesions found are compatible with the possible presence of
some zoonotic agents with public health relevance (namely Metastrongylus app., Leptospira
spp., or liver fluke worms). This emphasizes the importance of adopting protective mea-
sures by hunters, veterinarians, or consumers when contacting wild boar fresh carcasses.

Other laboratory analyses are necessary to find the etiology of these lesions and
evaluate the potential public health threat (if, for instance, zoonotic pathogens are in-
volved). Nevertheless, histopathological reports and collaboration between veterinarians
and hunters have considerable relevance and may work as an encouragement for more
profound research and surveillance plans.
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Appendix A. Location of the Sampled Wild Boars

Table Al. Location and number of wild boar samples (N) from each location.

Province Location N
Zamora Granucillo 12
Friera de Valverde 10

Ferreruela 9

Melgar de Tera 7

Perilla de Castro 6

Vegalatrave 3

Argafiin 2

Montamarta 2

Dehesa Pozos/Tabara 1

Palencia San Cebrian de Campos 14

References

1.

10.

11.

12.

13.

14.

15.

Fredriksson-Ahomaa, M. Wild Boar: A Reservoir of Foodborne Zoonoses. Foodborne Pathog. Dis. 2019, 16, 153-165. [CrossRef]
[PubMed]

Jones, K.E.; Patel, N.G.; Levy, M.A_; Storeygard, A.; Balk, D.; Gittleman, J.L.; Daszak, P. Global Trends in Emerging Infectious
Diseases. Nature 2008, 451, 990-993. [CrossRef] [PubMed]

Mufioz-Mendoza, M.; Marreros, N.; Boadella, M.; Gortazar, C.; Menéndez, S.; de Juan, L.; Bezos, ].; Romero, B.; Copano, M.E;
Amado, J.; et al. Wild Boar Tuberculosis in Iberian Atlantic Spain: A Different Picture from Mediterranean Habitats. BVIC Vet. Res.
2013, 9, 176. [CrossRef]

Meng, X.J.; Lindsay, D.S.; Sriranganathan, N. Wild Boars as Sources for Infectious Diseases in Livestock and Humans. Philos.
Trans. R. Soc. B Biol. Sci. 2009, 364, 2697-2707. [CrossRef] [PubMed]

Brown, V.R.; Bowen, R.A.; Bosco-Lauth, A.M. Zoonotic Pathogens from Feral Swine That Pose a Significant Threat to Public
Health. Transbound. Emerg. Dis. 2018, 65, 649-659. [CrossRef]

Gortazar, C.; Ferndndez-Calle, L.M.; Collazos-Martinez, J.A.; Minguez-Gonzalez, O.; Acevedo, P. Animal Tuberculosis Main-
tenance at Low Abundance of Suitable Wildlife Reservoir Hosts: A Case Study in Northern Spain. Prev. Vet. Med. 2017, 146,
150-157. [CrossRef] [PubMed]

Gavier-Widén, D.; Chambers, M.; Gortazar, C.; Delahay, R.; Cromie, R.; Lindén, A. Mycobacteria Infections. In Infectious Diseases
of Wild Mammals and Birds in Europe; Wiley-Blackwell: Sussex, UK, 2012.

De Massis, F.; Aprea, G.; Scattolini, S.; D’ Angelantonio, D.; Chiaverini, A.; Mangone, I.; Perilli, M.; Colacicco, G.; Olivieri, S.;
Pomilio, F,; et al. Detection of Hepatitis E Virus (HEV) in Pigs and in the Wild Boar (Sus scrofa) Population of Chieti Province,
Abruzzo Region, Italy. Appl. Microbiol. 2022, 2, 818-826. [CrossRef]

Tsachev, I.; Baymakova, M.; Marutsov, P.; Gospodinova, K.; Kundurzhiev, T.; Petrov, V.; Pepovich, R. Seroprevalence of Hepatitis
e Virus Infection among Wild Boars in Western Bulgaria. Vector-Borne Zoonotic Dis. 2021, 21, 441-445. [CrossRef]
Gonzélez-Gomez, X.; Cambeiro-Pérez, N.; Figueiredo-Gonzalez, M.; Martinez-Carballo, E. Wild Boar (Sus scrofa) as Bioindicator
for Environmental Exposure to Organic Pollutants. Chemosphere 2021, 268, 128848. [CrossRef]

Fernando Portela, J. La Industria del Vino y La Viticultura en Castilla y Leén: Su Incidencia en el Paisaje y en el Desarrollo Rural;
Universidad de Valladolid: Valladolid, Spain, 2014.

Vicente, J.; Barasona, J.A.; Acevedo, P.; Ruiz-Fons, ].F,; Boadella, M.; Diez-Delgado, I.; Beltran-Beck, B.; Gonzalez-Barrio, D.;
Queirds, ].; Montoro, V.; et al. Temporal Trend of Tuberculosis in Wild Ungulates from Mediterranean Spain. Transbound. Emerg.
Dis. 2013, 60, 92-103. [CrossRef]

Gallardo, M.T,; Mateos, L.; Artieda, J.; Wesslen, L.; Ruiz, C.; Garcia, M.A.; Galmés-Truyols, A.; Martin, A.; Hernandez-Pezzi, G.;
Andersson, Y.; et al. Outbreak of Trichinellosis in Spain and Sweden Due to Consumption of Wild Boar Meat Contaminated with
Trichinella Britovi. Wkly. Releases (1997-2007) 2007, 12, 3154. [CrossRef]

de Guadalupe Carri¢o Neves, M. Contribuigdo Para a Caracterizagio Do Parasitismo em Suinos de Raga Ibérica e Javalis Silvestres
das Comunidades Autonomas da Extremadura e Castilla y Leon (Espanha) e dos Factores de Risco Associados; Universidade Técnica de
Lisboa-Faculdade de Medicina Veterinaria: Lisboa, Portugal, 2013.

Hofle, U.; Vincente, J.; Fernandez de Mera, 1.G.; Villanda, D.; Acevedo, P.; Ruiz-Fons, F.; Gortazar, C. Health Risks in Game
Production: The Wild Boar. Galernys 2004, 16, 197-206.


http://doi.org/10.1089/fpd.2018.2512
http://www.ncbi.nlm.nih.gov/pubmed/30481068
http://doi.org/10.1038/nature06536
http://www.ncbi.nlm.nih.gov/pubmed/18288193
http://doi.org/10.1186/1746-6148-9-176
http://doi.org/10.1098/rstb.2009.0086
http://www.ncbi.nlm.nih.gov/pubmed/19687039
http://doi.org/10.1111/tbed.12820
http://doi.org/10.1016/j.prevetmed.2017.08.009
http://www.ncbi.nlm.nih.gov/pubmed/28992920
http://doi.org/10.3390/applmicrobiol2040062
http://doi.org/10.1089/vbz.2020.2756
http://doi.org/10.1016/j.chemosphere.2020.128848
http://doi.org/10.1111/tbed.12167
http://doi.org/10.2807/esw.12.11.03154-en

Animals 2022, 12, 3282 90of 10

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.
40.

41.

Larenas-Mufioz, F.; Sanchez-Carvajal, ] M.; Galan-Relafio, A.; Ruedas-Torres, L; Vera-Salmoral, E.; Gémez-Gascdn, L.; Maldonado,
A.; Carrasco, L.; Tarradas, C.; Luque, I; et al. The Role of Histopathology as a Complementary Diagnostic Tool in the Monitoring
of Bovine Tuberculosis. Front. Vet. Sci. 2022, 9, 475. [CrossRef] [PubMed]

McNamara, T.S. Wildlife Pathology Studies and How They Can Inform Public Health. ILAR ]. 2016, 56, 306-311. [CrossRef]
[PubMed]

World Organisation for Animal Health (OiE). Guidelines for Wildlife Disease Surveillance: An Overview; World Organisation for
Animal Health (OiE): Paris, France, 2015.

Santos, N.; Correla-Neves, M.; Ghebremichael, S.; Kéllenius, G.; Svenson, S.B.; Almeida, V. Epidemiology of Mycobacterium
Bovis Infection in Wild Boar (Sus scrofa) from Portugal. J. Wildl. Dis. 2009, 45, 1048-1061. [CrossRef] [PubMed]

Abbondanzo, S.; Rush, W.; Bijwaard, K.; Koss, M. Nodular Lymphoid Hyperplasia of the Lung: A Clinicopathologic Study of 14
Cases. Am. ]. Surg. Pathol. 2000, 24, 587-597. [CrossRef] [PubMed]

Panayotova-Pencheva, M.; Todorova, K.; Dakova, V. Pathomorphological Studies on Wild Boars Infected with Metastrongylus
Spp., Ascarops Strongylina, and Macracanthorhynchus Hirudinaceus. J. Vet. Res. 2019, 63, 191-195. [CrossRef] [PubMed]
Martinez, M.AJ; Gasper, D.J.; Mucifio, M.d.C.; Terio, K.A. Suidae and Tayassuidae. In Pathology of Wildlife and Zoo Animals; Terio,
K.A., McAloose, D., St. Leger, J., Eds.; Elsevier academic Press: Cambridge, MA, USA, 2018; pp. 207-228.

Biondo, N.; Takeuti, K.L.; Montes, J.H.; de Almeida, L.L.; de Andrade, C.P,; Zlotowski, P.; Driemeier, D.; de Barcellos, D.E.S.N.
Bacterial Pneumonia in Captive Wild Boars in Southern Brazil-Etiological and Pathological Causes. Acta Sci. Vet. 2021, 49.
[CrossRef]

DeMuth, W.E.; Smith, ].M. Pulmonary Contusion. Am. J. Surg. 1965, 109, 819-823. [CrossRef] [PubMed]

Sehl, J.; Pikalo, J.; Schifer, A.; Franzke, K.; Pannhorst, K.; Elnagar, A.; Blohm, U.; Blome, S.; Breithaupt, A. Comparative Pathology
of Domestic Pigs and Wild Boar Infected with the Moderately Virulent African Swine Fever Virus Strain “Estonia 2014”. Pathogens
2020, 9, 662. [CrossRef]

Pérez-Garcia, A.; Hurtado-Carneiro, V.; Herrero-De-Dios, C.; Dongil, P.; Garcia-Maurifio, J.E.; Sanchez, M.D,; Sanz, C.; Alvarez, E.
Storage and Utilization of Glycogen by Mouse Liver during Adaptation to Nutritional Changes Are Glp-1 and Pask Dependent.
Nutrients 2021, 13, 2552. [CrossRef]

Page-Karjian, A.; Lo, C.F; Ritchie, B.; Harms, C.A.; Rotstein, D.S.; Han, S.; Hassan, S.M.; Lehner, A.E; Buchweitz, J.P;
Thayer, V.G,; et al. Anthropogenic Contaminants and Histopathological Findings in Stranded Cetaceans in the Southeast-
ern United States, 2012-2018. Front. Mar. Sci. 2020, 7, 630. [CrossRef]

Gupta, PK. Herbicides and Fungicides. In Biomarkers in Toxicology; Academic Press: Cambridge, MA, USA, 2014; pp. 409-431.
[CrossRef]

Carabias Martinez, R.; Rodriguez Gonzalo, E.; Fernandez Laespada, M.E.; Sanchez San Roman, E]J. Evaluation of Surface- and
Ground-Water Pollution Due to Herbicides in Agricultural Areas of Zamora and Salamanca (Spain). J. Chromatogr. A 2000, 869,
471-480. [CrossRef]

Kesik, H.K; Kiling, S.G.; Celik, E,; Simsek, S.; Ahmed, H. A Case-Study of the Molecular Diagnosis of Echinococcus Multilocularis
in Wild Boar with Comments on Its Public Health Significance in Turkey. J. Parasitol. 2020, 106, 730-734. [CrossRef] [PubMed]
Sarkari, B.; Mansouri, M.; Noorpisheh-Ghadimi, S.; Abdolahi-Khabisi, S.; Doshmanziari, A. Molecular Evaluation of a Case of
Fasciola Hepatica in Wild Boar in Southwestern Iran: A Case Report. Iran J. Parasitol. 2018, 13, 149. [PubMed]

Samuel, WM.; Pybus, M.].; Kocan, A.A. Infectious Diseases of Wild Mammals, 3rd ed.; Williams, E.S., Barker, I.K., Eds.; Iowa State
University Press: Ames, IA, USA, 2001; ISBN 081382978X.

Nyindo, M.; Lukambagire, A.H. Fascioliasis: An Ongoing Zoonotic Trematode Infection. BioMed Res. Int. 2015, 2015, 786195.
[CrossRef]

Bendall, R.P; Barlow, M.; Betson, M.; Stothard, J.R.; Nejsum, P. Zoonotic Ascariasis, United Kingdom. Emerg. Infect. Dis. 2011,
17,1964. [CrossRef]

Jeandron, A.; Rinaldi, L.; Abdyldaieva, G.; Usubalieva, J.; Steinmann, P.; Cringoli, G.; Utzinger, J. Human Infections with
Dicrocoelium Dendriticum in Kyrgyzstan: The Tip of the Iceberg? J. Parasitol. 2011, 97, 1170-1172. [CrossRef]

Vieira-Pinto, M.; Morais, L.; Caleja, C.; Themudo, P.; Aranha, J.; Torres, C.; Igrejas, G.; Poeta, P.; Martins, C. Salmonella Spp. in
Wild Boar (Sus scrofa): A Public and Animal Health Concern. In Game Meat Hygiene in Focus; Wageningen Academic Publishers:
Wageningen, The Netherlands, 2011; pp. 131-136. [CrossRef]

Rivera, L.S.; Rivera, L.E; Toro, D.H.; Gutierrez, J.; Acosta, E. Eosinophilic Liver Infiltration. ACG Case Rep. J. 2015, 3, 63. [CrossRef]
Novosel, D.; Tuboly, T.; Csagola, A.; Lorincz, M.; Cubric-Curik, V.; Jungic, A.; Curik, I.; Segalés, J.; Cortey, M.; Lipej, Z. Origin
of Porcine Circovirus Type 2 (PCV2) from Swine Affected by PCV2-Associated Diseases in Croatia. Vet. Rec. 2014, 174, 431.
[CrossRef]

Segalés, J.; Allan, G.M.; Domingo, M. Porcine Circovirus Diseases. Anim. Health Res. Rev. 2005, 6, 119-142. [CrossRef] [PubMed]
Jansen, A ; Luge, E.; Guerra, B.; Wittschen, P.; Gruber, A.D.; Loddenkemper, C.; Schneider, T.; Lierz, M.; Ehlert, D.; Appel, B.; et al.
Leptospirosis in Urban Wild Boars, Berlin, Germany. Emerg. Infect. Dis. 2007, 13, 739-742. [CrossRef] [PubMed]
Vale-Goncalves, H.M.; Cabral, J.A.; Faria, M.C.; Nunes-Pereira, M.; Faria, A.S.; Veloso, O.; Vieira, M.L.; Paiva-Cardoso, N.
Prevalence of Leptospira Antibodies in Wild Boars (Sus scrofa) from Northern Portugal: Risk Factor Analysis. Epidemiol. Infect.
2015, 143, 2126-2130. [CrossRef] [PubMed]


http://doi.org/10.3389/fvets.2022.816190
http://www.ncbi.nlm.nih.gov/pubmed/35647097
http://doi.org/10.1093/ilar/ilv043
http://www.ncbi.nlm.nih.gov/pubmed/26912717
http://doi.org/10.7589/0090-3558-45.4.1048
http://www.ncbi.nlm.nih.gov/pubmed/19901381
http://doi.org/10.1097/00000478-200004000-00015
http://www.ncbi.nlm.nih.gov/pubmed/10757408
http://doi.org/10.2478/jvetres-2019-0037
http://www.ncbi.nlm.nih.gov/pubmed/31276058
http://doi.org/10.22456/1679-9216.118917
http://doi.org/10.1016/S0002-9610(65)80061-7
http://www.ncbi.nlm.nih.gov/pubmed/14283348
http://doi.org/10.3390/pathogens9080662
http://doi.org/10.3390/nu13082552
http://doi.org/10.3389/fmars.2020.00630
http://doi.org/10.1016/B978-0-12-404630-6.00024-5
http://doi.org/10.1016/S0021-9673(99)01188-7
http://doi.org/10.1645/19-196
http://www.ncbi.nlm.nih.gov/pubmed/33260210
http://www.ncbi.nlm.nih.gov/pubmed/29963098
http://doi.org/10.1155/2015/786195
http://doi.org/10.3201/eid1710.101826
http://doi.org/10.1645/GE-2828.1
http://doi.org/10.3920/978-90-8686-723-3_10
http://doi.org/10.14309/crj.2015.102
http://doi.org/10.1136/vr.102064
http://doi.org/10.1079/AHR2005106
http://www.ncbi.nlm.nih.gov/pubmed/16583778
http://doi.org/10.3201/eid1305.061302
http://www.ncbi.nlm.nih.gov/pubmed/17553254
http://doi.org/10.1017/S0950268814003331
http://www.ncbi.nlm.nih.gov/pubmed/25519057

Animals 2022, 12, 3282 10 of 10

42.  Storck, C.H.; Postic, D.; Lamaury, L; Perez, ] M. Changes in Epidemiology of Leptospirosis in 20032004, a Two El Nifio Southern
Oscillation Period, Guadeloupe Archipelago, French West Indies. Epidemiol. Infect. 2008, 136, 1407-1415. [CrossRef] [PubMed]

43.  Michna, SW.; Campbell, R.S.F. Leptospirosis in Wild Animals. J. Comp. Pathol. 1970, 80, 101-106. [CrossRef]

44. Boes, KM.; Durham, A.C. Bone Marrow, Blood Cells, and the Lymphoid/Lymphatic System. In Pathologic Basis of Veterinary
Disease Expert Consult; Zachary, J., Ed.; Mosby: Maryland Heights, MO, USA, 2017; pp. 724-804.e2. ISBN 9780323357975.


http://doi.org/10.1017/S0950268807000052
http://www.ncbi.nlm.nih.gov/pubmed/18096102
http://doi.org/10.1016/0021-9975(70)90036-8

	Introduction 
	Materials and Methods 
	Sampling 
	Statistical Analysis 

	Results 
	Lung 
	Liver 
	Kidney 

	Discussion 
	Conclusions 
	Appendix A
	References

