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Table 2. Serovar and antibiotic resistance of Salmonella isolated from raccoons and masked palm civets

Origin Species Subspecies Serovar Antibiotic resistance No. isolates
Raccoon Salmonella enterica enterica S. Mbandaka —* 5
S. Infantis ABPC, NA, OTC 1
NA, OTC 1
OoTC 1
- 1
S. Typhimurium ABPC, NA, OTC 1
ABPC, KM, OTC 1
- 2
S. Nagoya ~ 2
S. Berta - 1
S. Manhattan oTC 1
S. Nigeria oT1C 1
S. Rubislaw - 1
S. Thompson - 1
diarizonae uT - 6
Masked palm civet Salmonella enterica enterica S. Enteritidis - 1
S. Nagoya - 1
4,12::- - 1

UT, untypable; ABPC, ampicillin; NA, nalidixic acid; OTC, oxytetracycline; KM, kanamycin.

*Susceptible to all antimicrobial agents used in this study.

Salmonella

Salmonella enterica was isolated from the faecal samples
of 26 of 459 raccoons (5.7%, 95% CI 7.8-3.5%) and three
of 153 masked palm civets (2.0%, 95% CI 4.2-0%).
Table 2 shows the serovars and antimicrobial resistance
patterns of the isolates. Nine and three serovars were
identified in the isolates from raccoons and masked palm
civets, respectively. Those serovars included common ser-
ovars in gastroenteritis patients and domestic animals
(e.g. S. Infantis, S. Typhimurium, S. Thompson, and S.
Enteritidis) (Esaki et al., 2004; Ishihara et al., 2009;
National Institute of Infectious Disease, 2009). Seven of
26 isolates (26.9%) from raccoons showed resistance to at
least one antimicrobial agent used in this study, whereas
all isolates from masked palm civets were susceptible to
all of the antimicrobial agents.

Yersinia

Yersinia spp. were isolated from the faecal samples of 177
of 459 raccoons (38.6%, 95% CI 43.0-34.1%) and 16 of
153 masked palm civets (10.5%, 95% CI 15.3-5.6%).
Among the isolates, seven strains from raccoons and six
strains from masked palm civets showed positive reac-
tions in autoagglutination tests and were subsequently
identified as Y. pseudotuberculosis. Therefore, the preva-
lence of Y. pseudotuberculosis in raccoons and masked
palm civets was 1.5% (95% CI 2.6-0.4%) and 3.9% (95%
CI 7.0-0.8%), respectively. Four, one, and two Y. pseudo-
tuberculosis isolates from raccoons belonged to serotypes
1b, 3, and 4b, respectively. Three, two, and one Y. pseudo-
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tuberculosis isolates from masked palm civets belonged to
serotypes 1b, 3, and 4b, respectively. All Y. pseudotubercu-
losis isolates were susceptible to all of the antimicrobial
agents used in this study. In all of the Y. pseudotuberculo-
sis isolates, the gene of YPMa was detected and the gene
of HPI was not detected by PCR assay.

Campylobacter

Campylobacter spp. were isolated from the faecal samples
of six of 459 raccoons (1.3%, 95% CI 2.3-0.3%) and 11
of 153 masked palm civets (7.2%, 95% CI 11.3-3.1%).
Three isolates from raccoons were identified as C. jejuni
by multiplex PCR assay. The other Campylobacter isolates
from raccoons and masked palm civets exhibited three
different phenotypic patterns (Table 3). All the Campylo-
bacter isolates were susceptible to all of the antimicrobial
agents used in this study.

Table 3. Biochemical characteristics of Campylobacter spp. isolated
from raccoons and masked palm civets

Growth at

No. JR—

Origin Species isolates Oxidase Catalase 25°C 42°C
Raccoon Campylobacter 3 + + - +

' Jejuni

Campylobacter 2 + + - -
spp. 1 + + - +
Masked palm Campylobacter 9 + + - +
civet spp. 1 + + + +
1 + + - -
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Discussion

Salmonella

In this study, the prevalence of S. enterica in raccoons
(5.7%) was almost concordant with the prevalence in
Western Pennsylvania, USA (7.4%) (Compton et al.,
2008). Investigations in other wild mammals also have
revealed similar prevalence rates in UK (6.5%) and Spain
(7.2%) (Euden, 1990; Millan et al, 2004). However,
Morse et al. (1983) reported that S. enterica was isolated
from 31.1% of feral raccoons. This finding may suggest
that raccoons have the potential to harbor S. enterica at
a high rate. The prevalence of S. enmterica in masked
palm civets was somewhat lower than that in raccoons.
Differences in their behaviour could be responsible for
the difference in the prevalence. Further analysis of
their food habits and habitat choice may verify this
hypothesis.

Some of the isolates were indicated to have originated
from human activities, because many of the serovars iso-
lated have been common in human gastroenteritis and in
domestic animals, and the isolates from raccoons showed
a relatively high resistance rate (26.9%). Interestingly, six
strains isolated from raccoons were identified as S. enterica
subsp. diarizonae. Because this Salmonella subspecies is
not common in warm-blooded animals but is common
in cold-blooded animals and the environment, it may be
associated with their omnivorous behaviour and procliv-
ity for wet habitats (Zeveloff, 2002; Bopp et al., 2003;
Haley et al., 2009).

Yersinia

Yersinia pseudotuberculosis isolates belonged to serotypes
1b, 3, and 4b, which are predominant serotypes in human
patients and wild animals in Japan (Hamasaki et al.,
1989; Fukushima and Gomyoda, 1991; Hayashidani et al.,
2002). The prevalence of Y. pseudotuberculosis in raccoons
and masked palm civets was comparable with that of
those studies. It is difficult to compare the prevalence
with that in its place of origin, because there are few
reports on isolation of pathogenic Yersinia from raccoons
and masked palm civets (Hacking and Sileo, 1974). All of
the Y. pseudotuberculosis strains showed the same geno-
typic pattern with the YPMa* HPI™ Far Eastern systemic-
pathogenicity type. Fukushima et al. (2001) reported that
most of the strains isolated in Far East Asia showed such
a pattern and differed from the strains isolated in Euro-
pean countries. In addition to the information regarding
geographical origin, this virulence characteristic bas a
clinical implication, because ypmA encodes YPMa, which
contributes to the virulence of Y. pseudotuberculosis in
systemic infection (Carnoy et al., 2000).
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These results lead to the conclusion that raccoons and
masked palm civets probably have acquired their infec-
tions in Japan and play a similar role to other indigenous
animals on the ecology of Y. pseudotuberculosis. In previ-
ous studies, natural reservoirs of Y. pseudotuberculosis in
Japan have been suggested to be wild mammals and birds,
especially rodents and raccoon dogs (Nyctereutes procyon-
oides) (Hamasaki et al., 1989; Fukushima and Gomyoda,
1991; Hayashidani et al., 2002). The major transmission
routes of the pathogen in wildlife are suggested as preying
upon infected animals or ingesting environmental sub-
stances contaminated with Y. pseudotuberculosis rather
than contact with human activities (Fukushima and
Gomyoda, 1991). It is likely that raccoons and masked
palm civets acquired their infection, as a result of sharing
habitats with other reservoirs.

Campylobacter

The principal reservoirs of Campylobacter in the environ-
ment are wild mammals and birds (Mérner, 2001), with
the occurrence of enteric Campylobacter higher in birds
than in wild mammals. This tendency is consistent with
our results. The prevalence rates in raccoons and masked
palm civets were 1.3% and 7.2%, respectively, whereas
the rate is often more than 10% in wild birds (Kapperud
and Rosef, 1983; Matsusaki et al., 1986; Ito et al., 1988).
However, wild mammals, especially species that have
direct or indirect contact with human activities, are still
important reservoirs of the pathogen. Workman et al.
(2005) demonstrated that dogs were one of the most
likely sources of human campylobacteriosis. Domestic
animals, including dogs, are more likely to have opportu-
nities to acquire infections from excretory substances or
from environments
masked palm civets.

Among the isolates, three strains were identified as C.
jejuni. However, the other 14 isolates from both raccoons
and masked palm civets could not be identified by the
multiplex PCR assay. Additional biochemical tests sug-
gested that these strains belonged to uncommon species
of Campylobacter (Table 3). As such species (e.g. C. hyo-
intestinalis, C. larienae or C. rectus) are isolated from
healthy animals and enteritis patients, their pathogenicity
and epidemiology have not been well known (Vandamme
et al., 2005). Because there is little information about the
carriage of uncommon Campylobacter species in wild
mammals, further investigations are required to elucidate
the real impact of these species in wild animals on public
and animal health.

From these results, we concluded that raccoons and
masked palm civets could be potential reservoirs of
enteropathogenic Campylobacter (C. jejuni) and are more

contaminated by raccoons and
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likely to possess uncommon Campylobacter species. To
assess the risk and potential source, wild birds in the
same habitat and the environment where the animals live
should be investigated.

Conclusion

In the present study, we investigated the prevalence of
three important enteric pathogens, including Salmonella,
Yersinia, and Campylobacter spp. in feral raccoons and
masked palm civets. These results lead to the conclusion
that these animals are potential reservoirs of the patho-
gens. The characteristics of the isolates showed that these
animals probably acquired the pathogens from human
activities, other wild animals, and the environment. The
presence of human-associated serovars and the antimicro-
bial resistance of the Salmonella isolates revealed the
effect of human activities on these animals. This repre-
sents a typical spill-over of pathogens from human activi-
ties to wildlife (Daszak et al., 2000). Meanwhile, the
carrying of pathogens which are usually isolated from
wildlife or from the environment (e.g. S. enterica subsp.
diarizonae and Y. pseudotuberculosis) indicated that these
animals could play an important role in the life cycles of
those bacteria in their habitats. These findings are in con-
cordance with their omnivore behaviour and their wide
range of habitats from forests to urban areas (Zeveloff,
2002; Abe, 2005).

Our results revealed that raccoons and masked palm
civets play an important role on the spreading of human-
related pathogens. Moreover, carriage of wildlife- and
environment-related pathogens in these animals showed
the possibility of the transmission of these pathogens to
humans and domestic animals. Raccoons and masked
palm civets live near areas of human habitation and often
nest in attics or in the feed stores of livestock. The enteric
pathogens that we investigated can be transmitted to
humans and domestic animals via feces, contaminated
water and soil (Fukushima et al., 1988; Humphrey and
Bygrave, 1988; Handeland et al., 2002). Thus, not only
the ecological threats but also the public and animal
health risks presented by these animals should be assessed
in detail.
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