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Domestic Dogs and Wild Animals in Japan
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Sarcoptes scabiei (Acari, Sarcoptidae) is a mite species that causes a contagious
skin disease termed sarcoptic mange in animals and scabies in humans. The infestation
of this mite causes intense pruritus combined with inflammatory, allergy—like skin
reaction. In severe cases, symptoms such as hyperkeratosis of the skin, dehydration,
secondary infection, and death may occur. Therefore, the risk management of skin
disease caused by S. scabiei is necessary for public health, animal health, and
wildlife conservation. This is compromised by the fact that the transmission pattern
of S. scabiei among host species is not sufficiently understood. Despite the the
ectoparasite is considered as a single species, the existence of several mite
varieties with indistinguishable morphology results in different patterns of host
specificity. Such host specificities make the risk of infection by S. scabier
indeterminable in each mammal species.

To elucidate the relationships among S. scabiei derived from multi-host species,
genetic analysis using microsatellite (simple sequence repeat, SSR) markers was
developed. By using 9 SSR markers, this study aims to determine the transmission
patterns of S. scabiei in domestic dogs and wild animals in Japan, while providing
basic information for the risk assessment of S. scabiei infection.

Firstly, an analytical and sampling policy for SSR analysis of the S scabier
population had to be established. To achieve this, the present study focused on the
genetic diversity of S. scabiel populations in host individuals and among host
populations. S. scabiei populations from raccoon dogs (Nyctereutes procyonoides)
were used. Each infra-population of S. scabiei, ranging from 9 to 28 mites, derived
from 8 individual raccoon dogs, and not deviating from the Hardy-Weinberg equilibrium
(HWE) were viewed as random mating populations. The average number of alleles in 9
loci in each of the 8 populations was 1.66. Bayesian clustering analysis was used
to confirm the homogeneity of the genotype in each infra—population. Interpretation
of the data revealed that the genetic diversity was low in these infra—populations.
On the other hand, S. scabiei populations derived from 22 raccoon dogs (n = 109 mites)
significantly deviated from the HWE when combined and analyzed as one population.
Thus, it is considered that these mite populations did not mate randomly at the host
population level. These populations were separated into at least two genetic clusters
and genetic differentiation was confirmed in the 22 populations. Moreover, the



closeness of genetic relationships between each population was not always consistent
with geographic closeness.

Considering the above results, for adequate SSR analysis on S. scabiei population,
the relationship between defined populations and HWE as well as sampling design should
be considered. This is particularly the case for mite populations from more than one
host that are analyzed as one combined population. In this circumstance, analytical
methods that do not assume the HWE in the population should be applied. In the sampling,
it is suggested that more than one host from different geographical points should
be targeted, but the number of mites sampled is determined by the aim of study.

Secondly, to interpret the transmission of S. scabiei between raccoon dogs and
domestic dogs, SSR analysis was conducted on S. scabiei populations derived from 22
raccoon dogs and 5 domestic dogs. The animals were sourced from the southern area
of Gifu Prefecture. In the S scabiei (n = 130) obtained from these host animals,
a considerably close genotype was observed between the mites of raccoon dogs and
domestic dogs. In the Bayesian clustering analysis, these mite populations were
separated into at least two genetic clusters and both raccoon dog—and domestic
dog—derived mites were assigned to each cluster. Thus, gene flow between raccoon
dog—and domestic dog—derived mite populations was confirmed. This result indicates
the high possibility of transmission between the two host species. The coexistence
of two genetic clusters in this local S. scabiei population also alludes to the
introduction of mites associated with host migration. However, for the formulation
of this phenomenon, certain occurrences should not be disregarded. This includes the
possibility of sympatric differentiation within the mite population and the resulting
competition and/or avoidance behavior of a mite’ s ecology.

Finally, SSR analysis was conducted to investigate the inter—species transmission
of 92 S. scabiei collected from 5 wild mammals—the raccoon dog (n=60), Japanese marten
(1, Martes melampus melampus), raccoon (1, Procyon lotor), wild boar (13, Sus scrofa
leucomystax), and Japanese serow (6, Capricornis crispus), as well as in domestic
dogs (11) in Japan. Genetic relationships among mite populations were analyzed using
principle component analysis. In addition, neighbor—net network and Bayesian
clustering approaches allowed for further genetic analysis between individual mites.
The analytical result showed significantly close genetic relationships among S.
scabiel from Caniformia species, inclusive of domestic dogs, raccoon dogs, Japanese
martens, and raccoons. This result and previous reports on successful experimental
transmission between Caniformia species (e.g., red foxes (Vulpes vulpes) and coyotes
(Canis latrans)) support the existence of transmissions among these Caniformia
species. Close genetic relationship were also identified between mite populations
from Caniformia species and Japanese serow. It is suggested that S. scabies in raccoon
dogs has transmitted to Japanese serow. This 1is supported because of the
epidemiological time relation between the epidemic of sarcoptic mange in raccoon dogs
and Japanese serow, and the low frequency of transmission due to territorial behavior
and high singularity in Japanese serow.

On the other hand, gene flow between S. scabiei populations from Caniformia species
and Japanese serows and mite populations fromwild boar was restricted in all analyses.
This result is consistent with the reported failures of experimental transmission



from dogs to pigs (taxonomically the same species as wild boars). It is reasonable
to consider that the transmission between Caniformia species with Japanese serows
and wild boars is extremely rare or absent.

In the present study, the possibility of inter—species transmission of S. scabiel
among several mammal species were investigated. The prevention of transmission among
domestic dogs and other Caniformia species is crucially important not only to preserve
the health of dogs but also to reduce the risk of infection of animal-derived scabies
in humans. For efficient management of the remnant populations of Japanese serow,
an investigation of the epidemic state on sarcoptic mange is required. Further, such
investigations should consider the effect of Caniformia—derived S. scabiei.



