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Sarcoptic Mange in Wild Caprinae of the Alps: Could Pathology Help in Filling the Gaps in Knowledge?
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Sarcoptic mange represents the most severe disease for wild Caprinae individuals and populations in Europe, raising concerns for both conservation and management of these ungulates. To date, this disease has been investigated in different wild caprine species and under many different perspectives including diagnostics, epidemiology, impact on the host populations, and genetics of both hosts and parasite, with the aim to disentangle the host–Sarcoptes scabiei relationship. Notwithstanding, uncertainty remains and basic questions still need an answer. Among these are the effect of immune responses on mange severity at an individual level, the main drivers in host–parasite interactions for different clinical outcomes, and the role of the immune response in determining the shift from epidemic to endemic cycle. A deeper approach to the pathology of this disease seems therefore advisable, all the more reason considering that immune response to S. scabiei in wild Caprinae, generally classified as a hypersensitivity, remains poorly understood. In this paper, we reviewed the pathological features associated to sarcoptic mange in wildlife, exploring different kinds of hypersensitivity and outcomes, with the objective of highlighting the major drivers in the different responses to this disease at an individual level and proposing some key topics for future research, with a particular attention to Alps-dwelling wild caprines.
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INTRODUCTION

Sarcoptic mange (or scabies) due to the burrowing mite Sarcoptes scabiei is reported worldwide in domestic and wild mammals, in the latter often representing a threat to conservation due to evident effects on population dynamics. Some varieties of this mite have been described as being able to infect a specific range of zoologically related hosts. Mites infecting the Northern chamois (Rupicapra r. rupicapra), a scabies sensitive caprine (Fam. Caprinae) on which this paper is mainly focused, are referred to as S. scabiei var. rupicaprae (Figure 1). Besides chamois, they are experimentally and/or naturally cross-transmissible to the Alpine ibex (Capra ibex) and the domestic goat, while sporadically to domestic sheep, mouflon (Ovis aries musimon), roe deer (Capreolus capreolus), and red deer (Cervus elaphus) (1, 2).


[image: Figure 1]
FIGURE 1. Sarcoptes scabiei var. rupicaprae (stereomicroscope 60×) from a mangy northern chamois (Rupicapra r. rupicapra) in northeast Italy.


Sarcoptic mange is probably the most severe disease affecting wild Caprinae in Europe (3), as evidenced by the epizootics affecting the Spanish ibex (Capra pyrenaica) in the southeast of Spain (4, 5), and the northern chamois and Alpine ibex in the Eastern Alps in Italy, Austria, Germany, and Slovenia (6–8). Moreover, sarcoptic mange has been severely affecting two other wild Caprinae hosts in Southern Europe, namely the western subspecies of the southern chamois [Rupicapra pyrenaica parva; (9)] and the exotic Barbary sheep [Ammotragus lervia; (10)].

Besides serious consequences for endangered taxa, where losing even a few individuals can be critical for conservation (11), this disease may also raise concern over the wildlife-based economy, due to the setbacks of population downturns. This is well-represented in the Eastern Alps, where recent mange outbreaks have caused doubt over 30 years of commendable conservation efforts of the locally fragile Alpine ibex (an easy to spot symbol for mountain hikers), and a sympatric game, the alpine subspecies of the northern chamois, currently ranked “Least concern” by IUCN due to its wide and abundant distribution, has also experienced significant population crashes, which have led to a sharp reduction and even the banning of any harvest in affected game management units (3, 7).

Due to its impact on wild caprine populations and the related conservation issues, sarcoptic mange has been investigated from a range of perspectives. In Europe, research has been performed on epidemiology [e.g., (1, 3–7, 9, 10)], including spatial epidemiology (12), immunodiagnosis (13, 14), experimental infection (15–18), mite genetics (19, 20), and host genetics. Concerning this latter topic, special emphasis has been given to the major histocompatibility complex (MHC), deemed crucial to cope with infectious agents including S. scabiei and other pathogens (21–23). Studies on host genetics are believed to be of particular interest also due to the typical pattern of sarcoptic mange in these species, where the first epidemic peak in naïve populations may exert a significant demographic impact (up to more than 80% reduction of the population size), followed by less severe outbreaks (“waves”) at 10- to 15-years intervals with a low mortality rate rarely exceeding 25% (3). Such a cyclic pattern could be suggestive of dynamics based on the presence of an advantageous genetic background in those animals surviving the exposition, determining a selection of individuals with higher genetic resistance (24), which, combined with the lowered population density, could explain the minor waves after the introduction of the pathogen. In addition, balancing selection may favor, at the same time, heterozygosity and the retaining of rare alleles. To investigate this hypothesis, adaptive processes need to be explored, and for this purpose, MHC genes are excellent candidates (21), representing a promising research field to explore the Caprinae-S. scabiei relationship. In fact, intracellular and extracellular pathogens trigger a strong immune response in such species, and the study of the genetic background of the MHC molecules may assist the identification of resistance-associated or rare alleles, which may be involved in the survival of individuals with peculiar polymorphisms in these genetic regions. Under this hypothesis, however, it would be expected that different genetic backgrounds are reflected in different kinds and/or degrees of immune response and consequent pathological pictures. Indeed, pathology should precede and inform studies on the host–parasite relationship and coevolution, including genetics, but in the case of sarcoptic mange, the investigation path is not so linear. In our opinion, however, pathology can give a remarkable contribution to the study of mange ecology and epidemiology in wildlife, and in particular in Caprinae, thus helping to fill the longtime gap in knowledge in Europe (25) resumed by the research questions in Box 1 (26).


Box 1. Gaps in knowledge to fill concerning sarcoptic mange in wildlife in Europe (26).

[image: Box 1]

In recent years, studies on the pathology of sarcoptic mange in European wild ruminants have been focused on the impact of this disease on individuals and populations (18, 27) or on early diagnostics (28), while less attention has been paid to characterizing mange lesions and ranking them according to severity and chronology of the pathological process (29, 30). Assuming that traits of genetic resistance may underlie diverse immune response type and intensity among different individuals (31), a fine-tuned pathological description could help answer some of the questions in Box 1, e.g., by correlating selected macroscopic and histopathological frames to specific epidemiological phases (epidemic vs. endemic), coinfections, and genetic backgrounds. Hence, in this paper, we have explored the pathology of sarcoptic mange in wildlife, with the objective of highlighting the major drivers in the range of host responses to the disease and proposing some key issues for future research at both an individual and a population level, with a particular attention to Alps-dwelling wild Caprinae.



HYPERSENSITIVITY AS THE BASIS OF TISSUE DAMAGE IN SARCOPTIC MANGE

Ectoparasites are known to cause a range of unfavorable effects, as damage to skin and predisposition to secondary infection. Moreover, they can serve as vectors of infectious agents such as viruses, bacteria, spirochetae, rickettsiae, and protozoans. The cutaneous reaction to parasites, often mediated by immune mechanisms, varies with parasite abundance, location, feeding habits, and host immune recognition (32).

Diseases associated with excessive or aberrant immune responses are classified as either hypersensitive (allergy) or autoimmune. Microscopically, evidence in all studied host species indicates that sarcoptic mange is a complex hypersensitivity reaction to various mite antigens, as proteins in the cuticle and feces, producing most of the clinical features (33–37). Actually, the mechanisms of tissue injury in hypersensitivity reactions are the same as the effector mechanisms of defense against infectious pathogens, but in hypersensitivity reactions, they are poorly controlled, excessive, or misdirected (31). Hypersensitivity can be classified into four basic immune reaction types (I, II, III, and IV), which mediate the tissue damage in response to normally harmless foreign compounds (e.g., antiserum, pollen, insect venoms). In the skin, hypersensitivity in most cases is the result of either type I or type IV reactions, or comes from a combination of two or more of the four reaction types (32).

Type I hypersensitivity is mediated by the reaction between a foreign antigen and a specific antibody (usually IgE), enabling the release of pharmacologically active substances as histamine, chemotactic factors for eosinophils and neutrophils, and cytokines by mast cells and basophils. It can be either systemic (anaphylaxis), or localized to the skin, or both and include, as an example, atopic dermatitis, urticaria, angioedema, or hypersensitivity to bites of insects and mites as Sarcoptes sp. This reaction is characterized by mast cell degranulation, capillary dilation, edema, and infiltrates of eosinophils (32).

On the other hand, type IV reactions are mediated by antigen-specific effector T lymphocytes, which include sensitized T-helper lymphocytes (Th1 or Th2). Th1-mediated reactions develop after contact with a specific persistent antigen and cause the recruitment of other lymphocytes and macrophages to eliminate the targeted antigen. In Th2-mediated reactions, contact with soluble antigen bound to MHC class II (MHC II) causes inflammatory responses dominated by eosinophils (32).



SARCOPTIC MANGE FROM MACROSCOPIC LESIONS TO MICROSCOPIC FEATURES

Itching is a frequent symptom in cutaneous hypersensitivity reactions and represents the first clinical feature also for sarcoptic mange. An erythematous maculopapular eruption with alopecia, hyperkeratosis, and the formation of crusts is accompanied by self-traumatic excoriations, leading to secondary pyoderma. In general, lesions first affect the margins of the pinnae, followed by ventral truncal abdomen, chest, lateral elbows, and face involvement (38). However, localization of the early lesions also depends on the skin area first exposed to the infection. Extensive alopecia, lichenification, and hyperpigmentation may be seen in chronic cases (29) (Figure 2).
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FIGURE 2. Severe sarcoptic mange in a northern chamois Rupicapra r. rupicapra (NE Italy). Particularly of the chest. Macroscopically, lesions are characterized by severe diffuse chronic hyperplastic and hyperkeratotic dermatitis with alopecia and crusting.


Studies have shown that the response to mange is different among host species. For instance, dogs, humans, and rabbits acquire full immunity, while in the red fox, immune response appears to be less effective at restricting infection due to lack of memory T-cells after initial phases. Additionally, the immune response can be uneven within the same species according to the sex of the individual or its previous exposure status (26). Field evidence suggests, however, that such an unevenness could also depend on other still unknown factors: namely, in both northern chamois and Alpine ibex, it is renowned that the impact of mange has been higher in some populations than in others. For example, the impact of S. scabiei on the demography of the Alpine ibex colonies in northeastern Italian Alps has ranged from extinction and dramatic crashes to relatively low population reduction, so that ibex individuals from the latter are used ex juvantibus for the restocking of the former (39).

In the northern chamois, histological skin lesions due to sarcoptic mange have been recently classified in three grades (40) according to crust thickness, alopecia, mite counts, infiltration of eosinophils, lymphocytes, and mast cells. Grades 1 and 2 are characterized by slight to moderate crust formation and a low number of mites, while grade 3 represents the most severe stage with crust thickness of more than 3.5 mm (Figures 3A,B), which correlates with a very high number of mites and severe parakeratosis with diffuse bacterial aggregates. The presence of numerous and thick serocellular crusts is apparently a mechanism destroying mites or inhibiting their burrowing into the skin, as these crusts contain specific antibodies and other toxic components leading to mite intoxication (18). In all stages, an increased number of eosinophils, mast cells, T and B lymphocytes, and macrophages are associated with diffuse severe epidermal hyperplasia, suggesting both type I and type IV hypersensitivity. Analogously to human scabies, grades 1 and 2 could be suggestive of skin immune response to S. scabiei with adequate presence of macrophages (Figure 4A), T lymphocytes (Figure 4B), and eosinophils that allow parasite control through a reduction in mite numbers and limitation of lesions. Moreover, numbers of eosinophils in the dermis are correlated with the density of mites, suggesting that recruitment of eosinophils is influenced by the parasites or their products (41). In contrast, grade 3 lesions seem to be characterized by a significant increase of B lymphocytes (Figure 4C) and a decrease in eosinophils without a significant increase in macrophages and T lymphocytes (Figure 4D) (40). Infiltration of Langerhans cells is also observed in the epidermis of mangy chamois, and it is assumed that epidermal dendritic cells with captured sarcoptic antigen migrate through lymphatic vessels into the draining regional lymph nodes. Here, they present it to naïve T cells and induce their differentiation into Th1 and Th2. Th1-type reactions tend to produce proinflammatory and microbicidal responses, counteracted with Th2-type reactions including molecules promoting IgE production (IL-4, IL-5, IL-10, and IL-13) and eosinophilic responses in allergies, and also an anti-inflammatory response (42). Antigen presentation is likely to be increased in the dermis of chamois with sarcoptic mange, as suggested by the increased number of T and B lymphocytes, macrophages, and eosinophils in grade 3 lesions compared to grade 1: in particular, the increased B lymphocyte and eosinophil numbers in grade 3 compared to grade 1 appears the most significant (40). Grades 1 and 2 lesions with slight to moderate crust formation and a lower abundance of mites could therefore be thought of as the initial stages, while grade 3 could be interpreted as the following, generalized, severe stage. As in human scabies, grades 1 and 2 could be suggestive of adequate skin immune response to S. scabiei, allowing parasite control and limitation of lesions. In contrast, grade 3 lesions, characterized by significant B lymphocyte and eosinophils increase, could suggest a Th2 weighted imbalance, involving an IgE-driven nonprotective Th2 response, that could affect the control and reduction of the mite burden particularly in sequential infestations (40). The role of Langerhans cells in the pathogenesis of chamois mange, however, remains obscure, and research is needed on the distributional changes of these cells in response to infection (29).


[image: Figure 3]
FIGURE 3. Histopathologic lesions in northern chamois (Rupicapra r. rupicapra) affected by sarcoptic mange. The following pictures are further evidenced by black arrows: (A) Moderate, diffuse, irregular epidermal hyperplasia with neutrophilic serocellular crust in grade 2 sarcoptic mange (hematoxylin and eosin, bar = 300 μm). (B) Severe, diffuse, orthokeratotic to compact hyperkeratosis with thick neutrophilic serocellular crusts in a grade 3 sarcoptic mange, which correlate with the increased number of mites (hematoxylin and eosin, bar = 300 μm). Further details available in Salvadori et al. (40).
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FIGURE 4. Immunohistochemical staining of skin in northern chamois (Rupicapra r. rupicapra) affected by sarcoptic mange. The following pictures are further evidenced by black arrows: (A) Diffuse macrophages infiltration in the superficial dermis in grade 2 sarcoptic mange (IHC, anti CD68 antibody, DAB chromogen, and hematoxylin counterstain, bar = 300 μm). (B) Numerous T lymphocytes in the superficial dermis of a chamois with grade 2 sarcoptic mange (IHC, anti CD3 antibody, DAB chromogen, and hematoxylin counterstain, bar = 300 μm). (C) Increased B lymphocytes infiltration in the superficial dermis in a grade 3 sarcoptic mange (IHC, anti CD79a antibody, DAB chromogen, and hematoxylin counterstain, bar = 300 μm). (D) Scattered T lymphocytes among B cells in a grade 3 lesion (IHC, anti CD3 antibody, DAB chromogen, and hematoxylin counterstain, bar = 300 μm). Further details available in Salvadori et al. (40).


For Alpine ibex, although gross lesions in mangy animals are often dramatic (Figure 5), no detailed histological data are available at the moment. The histological picture has been instead described in the Spanish ibex (18), where the skin lesions observed closely match the classical picture of wild and domestic animals affected by sarcoptic mange. The cellular response is largely dominated by mononuclear cells and marginally by eosinophils and mast cells, which may explain the presence of less obvious marked hyperkeratosis. Similarly to chamois, ibex skin lesions are compatible with a combined type I and type IV hypersensitivity reaction. Type I hypersensitivity is characterized by cytotoxicity signs (e.g., spongiosis), positively correlated with the number of inflammatory cells. Subsequently, these signs decrease along with the cellular infiltrate, which suggests type IV hypersensitivity. As in all other species, the number of plasma cells in mangy ibex is low, which may be linked to a reduced role of the humoral response. Moreover, also in ibex, the overexpression of eosinophils, mast cells, and neutrophils is associated with a detrimental and non-protective response, unable to control the infection.


[image: Figure 5]
FIGURE 5. Severe sarcoptic mange in an Alpine ibex (Capra ibex) from NE Italy. Macroscopically, lesions are characterized by severe, multifocal to coalescing, chronic hyperplastic dermatitis with alopecia and lichenification. Courtesy of Mr. Vittorio Fusinato.


For comparison among different taxa, it is worthwhile reporting the skin features of European mangy carnivores. In red foxes (Vulpes vulpes) infected with S. scabiei var. vulpes, skin lesions associated with necropsy findings have also been classified in three types (43). In this host after an early stage A, characterized by focal-extensive skin lesions, thin crusts, mild to moderate alopecia, few mites, and numerous eosinophils, the subject either enters stage B (hyperkeratotic, “fatal” form) with generalized skin lesions, thick crusts, and increased mite number, lymphocytes, and mast cells, leading in most cases to death; or stage C (alopecic, “healing” form), characterized by focal severe alopecia, hyperpigmentation and lichenification, absence of mites, and mixed cell infiltration, leading to possible survival. As both mast cell and mite counts increase in foxes showing type B lesions compared to type A, unknown extrinsic or intrinsic factors, such as a dysregulation of the immune system, may result in impairment of the eosinophilic function, affecting the host's ability to control mite infestation and thus playing an important role in determining the disease course. The scarce number of mites detected in the skin of red foxes with the alopecic form contrasts with the numerous mites observed in individuals showing the hyperkeratotic form, and it is interesting to point out that the latter generally represents the typical picture in mountain caprines. A further interesting comparison can be made with another carnivore, the wolf (Canis lupus) where, in contrast to the chamois, the abundance of mites decreases in the lesions as the hypersensitivity reaction progresses (44). In animals showing the alopecic form, neutrophils establish the inflammatory infiltrate: although neutrophils can be related to secondary infections or skin damage, the oxidation burst of these cells may be important in eliminating mites (34). Both macroscopical and microscopical skin lesions by sarcoptic mange in wolves suggest a prevalence of the alopecic form (Figures 6A,B) rather than the hyperkeratotic one; the coincidence in wolves of this presentation with the apparent higher ability of this species to control the parasite (45) could suggest that the immune response in the alopecic form represents a more effective defense mechanism against S. scabiei (44). A higher efficiency of the wolf immune system in controlling the mite proliferation could also allow this host to reduce the number of mite generations on itself. Actually, the detection in a wolf of both “ungulate-like” and “red fox-like” mites suggests that repeated infestations are possible with mites from any of the sympatric species this canid may get in contact with. These features may inhibit host adaptation, thus facilitating gene flow among mite populations and preventing genetic selection, finally determining the high variability reported in C. lupus–derived mites. In the case of the wolf, its wide spatial range and the large number of species this canid can potentially contact (both as a predator and as a scavenger) are additional subjects favoring repeated infestations by genetically different mites from different host species (20).


[image: Figure 6]
FIGURE 6. Alopecic form of sarcoptic mange affecting a young (1–2 years) female wolf (Canis lupus) from NE Italy. Particularly of the head (A) and the trunk (B).


An important remark is finally related to lethality, since for Spanish ibex (46) and red fox (43), there is evidence that some free-ranging individuals are able to heal from sarcoptic mange, whereas for northern chamois and Alpine ibex, evidence of recovery remains anecdotal (Figure 7).


[image: Figure 7]
FIGURE 7. A follow-up in the field led to the hypothesis that the northern chamois in this picture (NE Italy) was healing from sarcoptic mange. This adult female is characterized by moderate, focally extensive, chronic hyperplastic dermatitis with alopecia and lichenification. Monitoring healing processes in wild animals are challenging due to difficulties in regularly observing specific individuals. At the same time, capturing or culling of such individuals should be absolutely avoided, since under the hypothesis of a genetic resistance to S. scabiei, they could represent an essential resource for the population. Healing of Alpine ibex individuals have also been reported anecdotally. Courtesy of Mr. Vittorio Fusinato.




PERSPECTIVES IN THE PATHOLOGY OF SARCOPTIC MANGE IN ALPINE WILD CAPRINAE

Although uncertainty remains for mange pathology in wild Caprinae, steps to understand immune responses to S. scabiei [(26), Box 2] are being made, and therefore prospects for a deeper understanding are positive. Key areas that we consider research priorities include the following:


Box 2. Research questions about immune response to S. scabiei in wildlife (26).

[image: Box 2]


Role of the Oxidative Burst

As seen in previous studies, numerous mononuclear cells, mast cells, and plasma cells may play a key role in protective immunity. Observation about preferential infiltration of neutrophils, due not only to the presence of mites but also to potential secondary bacterial infections or excoriations, and evaluation of the progression or regression of the disease may inform on the oxidative burst role in effective protection.



Role of Different Types and Degrees of Hypersensitivity

Under field conditions, evaluating skin lesions in chamois/ibex from different epidemiological scenarios (e.g., individuals from scabies naïve vs. endemically infected populations) could help to elucidate inflammatory responses to the first and subsequent infestations. Experimentally, identifying the subpopulations of mononuclear cells in scabietic lesions during the sensitization and challenge infection phases, and characterizing the timing and intensity of the immunological response during the challenge phase, could help to elucidate their role and the mechanism for the immune response in these hosts (34).



Role of the Intensity of the Immunologic Reaction

Skin biopsy details of inflammatory response to scabies mite antigens may inform about variability in severity of clinical signs, development of asymptomatic carriers, and decrease in mite numbers as the disease progresses. Individuals with compromised immune system (due to coexistent immunosuppressive disease and/or poor condition) may harbor much larger populations of mites. Similarly, high mite counts associated to severe clinical presentation, including the notorious crusted (or Norwegian) scabies (https://www.cdc.gov/parasites/scabies/disease.html), are seen most commonly in human patients who are immunocompromised due to many causes, among which the acquired immunodeficiency syndrome (AIDS) (47). It should be noted, however, that although variability of spongiosis and inflammation in the immediate vicinity of individual mites is postulated to be indicative of the stage of the inflammatory reaction to these parasites, histological features may vary depending upon the fortuitous presence of mites in the histological sections, as observed in dogs (48). Therefore, comparison between histological pictures among individuals and/or species should include a representative number of sections both including and not including mites.



Role of Langerhans Cells

Distributional studies in humans have shown a preference of mites for sparsely haired skin, resulting in a predominantly ventral truncal distribution of lesions and relatively spare on the dorsum of the trunk, that could be explained by the rarity of epidermal Langerhans cells in certain regions, e.g., neck and shoulder (49). Moreover, experimental manipulation with UV radiation clearly showed abrogation of epidermal Langerhans cells in mice (50), which could explain the beginning of sensitization in certain parts of human and animal skin depending on the frequency and morphological identity of Langerhans cells, unevenly distributed (51, 52). The implementation of an immunohistochemical study on skin biopsies from healthy and mangy chamois could help to evaluate the distributional changes of these cells in the body regions and the reflections of these variations on the disease.



Role of the MHC of the Host

It is accepted that the evaluation of genetic polymorphisms in chamois, in particular of the MHC II molecules specifically involved in reactions against extracellular pathogens, may greatly contribute to estimating the adaptive potential of populations, as well as to identifying alleles potentially related to susceptibility and resistance. Studies that combine pathology and genetics could therefore be useful to investigate genetic diversity in infected individuals, and Northern alpine chamois represents a suitable model for such studies. However, observations and data collection should be undertaken over time by the comparison between MHC class II sampled under different conditions (e.g., healthy chamois before the first epidemic wave; mangy and healthy chamois during the first outbreak; survived and younger chamois after the first and during the second epidemic wave). In fact, only a consistent and longitudinal sample could be representative to clarify whether some animals are genetically prone to allergic reactions against the mite, as well as if others are actually protected from the disease. A comparable study design investigated the chamois population dynamics in relation to different exposure levels to several pathogens, including pneumonia, Pestivirus, and sarcoptic mange (22, 53, 54). The study of MHC class II polymorphisms revealed genetic drift and balancing selection in response to the diseases: high polymorphisms and numbers of alleles were observed in individuals who survived pneumonia outbreaks, even with a high mortality rate. Similarly, genetic polymorphisms of DRB1 genes of chamois populations with different epidemiological pictures of sarcoptic mange were monitored for seven years, revealing (i) the presence of few alleles at a very high frequency in all populations, most likely selected as favorable; (ii) the presence of a higher than expected level of polymorphisms; and (iii) several alleles at low frequency observed only in populations with peculiar epidemiological scenarios (endemic, epidemics, healthy populations).

In conclusion, pathology could represent a significant clue in understanding the relationships between host and S. scabiei, particularly as part of the “Sarcoptes-World Molecular Network” (55, 56), aimed at harmonizing Sarcoptes epidemiology, diagnosis, treatment, and molecular studies from all over the world. Undoubtedly, the establishment of a similar framework focused on pathology and immune response to this parasite, besides improving the knowledge on this disease, could inform wildlife management and, in a perspective of comparative pathology, contribute to mitigation of sarcoptic mange in domestic animals and humans.
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