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ABSTRACT. Rickettsial infection in feral raccoons (Procyon lotor) in the western part of Japan (Shimane, Fukuoka, Saga and Nagasaki 
Prefectures) was surveyed by a nested polymerase chain reaction (PCR) assay detecting the rickettsial citrate synthase (gltA) gene. Four 
of one hundred and ninety-four feral raccoon spleens (2.1%) were positive for Rickettsia spp. One gltA gene sequence was identical to 
R. helvetica, whereas the other 3 sequences were identical and had the highest similarity (98.4%) to R. amblyommii. Simultaneously, we 
determined a partial sequence of the rickettsial 17-kilodalton (17K) genus-common antigen gene in the later 3 raccoon samples. Their 
sequences were identical and had the highest similarity (98.5%) to Rickettsia sp. Hj126. Based on the sequences of gltA and 17K antigen 
genes, these raccoons might be infected with spotted fever group (SFG) rickettsia most closely related to R. amblyommii and/or Rickettsia 
sp. Hj126. Feral raccoons may be a susceptible reservoir for SFG rickettsiae in Japan.
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Raccoons (Procyon lotor), which are native to North 
America, have been imported as pets into Japan since the 
1970s. Subsequently, the release and escape of pet raccoons 
resulted in an establishment of feral populations throughout 
Japan. The growing population of naturalized raccoons 
causes significant damage to the agriculture and ecosystem. 
Furthermore, it is of increasing concern that raccoons may 
increase the risk of infection with life-threatening pathogens 
to humans and animals. Indeed, raccoons are widely known 
as a reservoir of rabies virus and Baylisascaris procyonis [5, 
11]. In Japan, some pathogens have been detected in feral 
raccoons, including gastrointestinal helminths, Babesia 
microti-like parasite and spotted fever group (SFG) rick-
ettsiae [9, 13, 14]. Under such economic and public health 
problems, official control programs of feral raccoons have 
recently initiated in multiple prefectures of Japan.

SFG rickettsiae are obligate intracellular, gram-negative 
bacteria, transmitted by tick infestation to humans and 
animals. In Japan, since the first patient infected with R. ja-
ponica was reported in Tokushima Prefecture in 1984 [10], 
rickettsiosis has been noticed as a significant emerging in-
fectious disease. Thereafter, cases caused by R. helvetica, R. 
tamurae, and R. heilongjiangensis have been also reported 
in Japan [1, 7, 17]. In wildlife, infection with R. japonica or 
R. heilongjiangensis, R. felis and R. helvetica was reported 
in feral raccoons in Hokkaido, Japan [13]. However, rickett-
sial agents in feral raccoons have not been surveyed in other 

areas of Japan. Because of frequent case records of human 
rickettsiosis in Kyushu Island and Shimane Prefecture [1, 
16], in the present study, we conducted a survey of rickett-
sial infection in feral raccoons in these areas by molecular 
methods.

A total of 194 raccoons were captured under official 
control programs between August 2009 and October 2011 
in Shimane (n=34), Fukuoka (n=4), Saga (n=135) and 
Nagasaki (n=21) Prefectures, Japan. Spleen specimens 
were collected from these raccoons, and genomic DNA 
was extracted with a GenEluteTM Mammalian Genomic 
DNA Miniprep Kit (Sigma, St. Louis, MO, U.S.A.). DNA 
samples were stored at −20°C prior to use. Nested poly-
merase chain reaction (PCR) for detecting the rickettsial 
citrate synthase (gltA) gene was carried out with the primers 
RpCS.877p and RpCS.1273r for the primary amplification, 
and RpCS.896f and RpCS.1258n for the secondary ampli-
fication [6, 12]. The first round of PCR was performed in 
a 20 µl reaction mixture containing GoTaq® Green Master 
Mix (Promega, Madison, WI, U.S.A.), 0.2 µM each primer, 
and 4 µl of DNA template. The amplification condition was 
initial denaturation at 95°C for 2 min, followed by 35 cycles 
of denaturation at 94°C for 30 sec, annealing at 54°C for 
30 sec and extension at 72°C for 1 min, with final exten-
sion at 72°C for 5 min. For the secondary amplification, 0.5 
µl of the product from the primary amplification was used 
as a template. The amplification condition was the same 
as in the first round, except for annealing at 56°C. DNA 
extracted from R. conorii (kindly provided by Dr. H. Ino-
kuma in Obihiro University of Agriculture and Veterinary 
Medicine) and distilled water were used as positive and 
negative controls, respectively. In samples positive for 
gltA gene, semi-nested PCR for detecting the rickettsial 
17-kilodalton (17K) genus-common antigen gene was also 
performed with the primers Rr17k.1p and Rr17k.539n for 
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the primary amplification, and Rr17k.90p and Rr17k.539n 
for secondary amplification [8]. The amplification condition 
was the same as described above. The resulting PCR product 
was electrophoresed on 1.5% agarose gel, and visualized by 
ethidium bromide under ultraviolet light. The amplicon was 
purified from the gel using the RECOCHIP (TaKaRa, Kyoto, 
Japan), and then subjected to direct DNA sequencing with 
the BigDye® Terminator v3.1 Cycle Sequencing kit (Ap-
plied Biosystems, Foster City, CA, U.S.A.). The nucleotide 
sequences were compared with those from known Rickettsia 
species and strains in NCBI GenBank nucleotide database 
by a BLAST search.

Four of one hundred and ninety-four raccoons (2.1%) 
were positive for rickettsiae. In positive samples, 3 rac-
coons (Saga 006, Saga 007, and Saga 089) were collected in 
Saga Prefecture (2.2%), and one (Shimane 042) in Shimane 
Prefecture (2.9%) (Table 1). The 322 bp of the gltA gene, 
excluding the primer regions, was successfully sequenced. 
The sequence of gltA gene in Saga 089 (DDBJ/EMBL/
GenBank accession number AB700588) was identical to 
R. helvetica (HM371185). The sequence was also highly 
similar (99.7%) to R. asiatica strain IO-1 (AB114797). The 
other 3 sequences (AB699870, AB699871 and AB699872) 
were identical and had the highest similarity (98.4%) to R. 
amblyommii (DQ517290) in a BLAST search (Table 2).

Simultaneously, the 17K genus-common antigen gene in 
3 samples (Saga 006, Saga 007, and Shimane 042) was suc-
cessfully amplified and then sequenced, whereas no amplifi-
cation could be detected for Saga 089. The 410 bp of the 17K 
genus-common antigen gene, excluding the primer regions, 
in Saga 006 (AB699873), Saga 007 (AB699874), and Shi-
mane 042 (AB699875) showed the same nucleotide sequence 
and the highest homology (98.5%) with Rickettsia sp. Hj126 
(AB114810) in a BLAST search (Table 2). Based on the se-
quences of gltA and 17K genus-common antigen genes, these 
raccoons might be infected with SFG rickettsia most closely 
related to R. amblyommii and/or Rickettsia sp. Hj126.

Little information is available on the epidemiology of 
SFG rickettsiae in raccoons. To the best of our knowledge, 
this is the first report of SFG rickettsiae in feral raccoons in 
the western part of Japan. In this study, 4 of 194 raccoons 
(2.1%) were positive for rickettsiae, which was equivalent 
to 1.9% in a previous report in Hokkaido, Japan [13]. The 
number of cases with rickettsiosis in the western part of 
Japan, including Kyushu Island and Shimane Prefecture, is 
known to be a great deal more than that in the eastern part of 
Japan [1]. Nationwide epidemiological surveys are needed 
to elucidate the role of feral raccoons in the occurrence of 
rickettsiosis in Japan.

In the present study, R. helvetica was detected in 1 of 194 
feral raccoons (0.5%). R. helvetica is known to be patho-
genic to humans [4, 17], and widely exist in ticks collected 
from dogs and cats from Hokkaido to Kyushu Islands [6]. 
Interestingly, the pathogen was also detected in 10 of 699 fe-
ral raccoons (1.4%) in Hokkaido, Japan [13]. Feral raccoons 
may be one of susceptible host of R. helvetica in Japan.

In contrast, SFG rickettsia most closely related to R. am-
blyommii and/or Rickettsia sp. Hj126 was detected in 3 of 
194 raccoons (1.5%). Rickettsia sp. Hj126 is an uncultured 
rickettsia, which has been detected in Ixodes ovatus and 
Haemaphysalis flava in Japan, but the animal hosts and the 
pathogenicity are unknown [8]. In contrast, R. amblyommii 
has been found in Amblyomma ticks, Dermacentor nitens, 

Table 1. Prevalence of rickettsial gltA gene in 
feral raccoons

Prefecture Number of raccoons PCR positive 
Saga 135 3 (2.2%)
Nagasaki 21 0 (0%)
Fukuoka 4 0 (0%)
Shimane 34 1 (2.9%)
Total 194 4 (2.1%)

Table 2. Nucleotide sequence similarities of gltA and 17K genus-common antigen genes from PCR-positive raccoons with those from known 
Rickettsia spp.

Gene Sequence length Sample ID Nucleotide sequence similarity*
gltA 322 bp Saga 089 R. helvetica; 100% 

R. asiatica strain IO-1; 99.7%
Saga 006, Saga 007, Shimane 042 R. amblyommii; 98.4% 

R. slovaca, R. aeschlimannii, R. raoultii; 98.1% 
R. africae, R. heilongjiangensis, R. japonica, R. montanensis, R. parkeri, 
Rickettsia sp. ARANHA; 97.8%

17K 410 bp Saga 006, Saga 007, Shimane 042 Rickettsia sp. Hj126; 98.5% 
R. rhipicephali, Rickettsia sp. ARANHA, Rickettsia sp. R300; 98.3% 
R. massiliae, R. rickettsii, R. amblyommii, R. africae, R. japonica, R. 
parkeri; 98.0% 
R. conorii, R. slovaca, R. peacockii, R. honei; 97.8%

*DDBJ/EMBL/GenBank accession numbers are as fellows; gltA; R. helvetica (HM371185), R. asiatica strain IO-1 (AB114797), R. amblyom-
mii (DQ517290), R. slovaca (CP002428), R. aeschlimannii (HM050276), R. raoultii (JQ792127), R. africae (CP001612), R. heilongjiangensis 
(CP002912), R. montanensis (CP003340), R. japonica (AP011533), R. parkeri (JQ906783), Rickettsia sp. ARANHA (AY360216), 17K genus-
common antigen; Rickettsia sp. Hj126 (AB114810), R. rhipicephali (DQ865207), Rickettsia sp. ARANHA (AY360215), Rickettsia sp. R300 
(AY472039), R. massiliae (CP000683), R. rickettsii (CP000766), R. amblyommii (AY375162), R. africae (CP001612), R. japonica (AP011533), R. 
parkeri (CP003341), R. conorii (AE006914), R. slovaca (CP002428), R. peacockii (CP001227), R. honei (AF027124).
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D. variabilis and Rhipicephalus sanguineus in the United 
States and Central and South America [3, 15]. Although the 
animal hosts of R. amblyommii have not been identified, 
dogs and horses have been suggested as the susceptible ani-
mals [3]. Moreover, R. amblyommii has been implicated as 
a potential human pathogen [2]. Taken together, it is highly 
conceivable that R. amblyommii and the related Rickettsia 
spp., such as the SFG rickettsia detected from 3 raccoons, 
can pose a threat to public health. Therefore, the epidemi-
ology in terrestrial mammalian hosts and vectors, and the 
pathogenicity to humans and animals should be investigated.

In conclusion, we first demonstrated the prevalence of 
rickettsial infection in feral raccoons in the western part of 
Japan. The population growth and the expansion of living 
area of feral raccoons can result in an increase in the risk of 
infection of tick-borne pathogens, such as SFG rickettsiae, in 
humans and animals. Further investigation and surveillance 
of rickettsial infection in feral raccoons are needed to clarify 
their epidemiologic importance.

ACKNOWLEDGMENTS. We would like to thank Mr. Hi-
roki Kanamori, Shimane Prefectural Mountainous Regions 
Research Center, Mr. Takaaki Tabuchi, Sasebo City, Nagasa-
ki Prefecture, and Mr. Masahiro Yamada, Regional Environ-
mental Planning Incorporation for providing opportunities to 
collect splenic samples. We would like to acknowledge the 
technical expertise of the DNA Core Facility of the Center 
for Gene Research, Yamaguchi University. This study was 
supported in part by a Grant-in-aid from the Japan Society 
for the Promotion of Science.

REFERENCES

 1. Ando, S., Kurosawa, M., Sakata, A., Fujita, H., Sakai, K., 
Sekine, M., Katsumi, M., Saitou, W., Yano, Y., Takada, N., 
Takano, A., Kawabata, H., Hanaoka, N., Watanabe, H., Kurane, 
I. and Kishimoto, T. 2010. Human Rickettsia heilongjiangensis 
infection, Japan. Emerg. Infect. Dis. 16: 1306–1308. [Medline]  
[CrossRef]

 2. Apperson, C. S., Engber, B., Nicholson, W. L., Mead, D. G., 
Engel, J., Yabsley, M. J., Dail, K., Johnson, J. and Watson, D. 
W. 2008. Tick-borne diseases in North Carolina: is “Rickettsia 
amblyommii” a possible cause of rickettsiosis reported as Rocky 
Mountain spotted fever? Vector Borne Zoonotic Dis. 8: 597–606. 
[Medline]  [CrossRef]

 3. Bermúdez, C. S., Zaldívar, A. Y., Spolidorio, M. G., Moraes-
Filho, J., Miranda, R. J., Caballero, C. M., Mendoza, Y. and 
Labruna, M. B. 2011. Rickettsial infection in domestic mammals 
and their ectoparasites in El Valle de Antón, Coclé, Panamá. Vet. 
Parasitol. 177: 134–138. [Medline]  [CrossRef]

 4. Fournier, P. E., Grunnenberger, F., Jaulhac, B., Gastinger, G. and 

Raoult, D. 2000. Evidence of Rickettsia helvetica infection in 
humans, eastern France. Emerg. Infect. Dis. 6: 389–392. [Med-
line]  [CrossRef]

 5. Gavin, P. J., Kazacos, K. R. and Shulman, S. T. 2005. Baylisas-
cariasis. Clin. Microbiol. Rev. 18: 703–718. [Medline]  [Cross-
Ref]

 6. Hiraoka, H., Shimada, Y., Sakata, Y., Watanabe, M., Itamoto, K., 
Okuda, M. and Inokuma, H. 2005. Detection of rickettsial DNA 
in ixodid ticks recovered from dogs and cats in Japan. J. Vet. 
Med. Sci. 67: 1217–1222. [Medline]  [CrossRef]

 7. Imaoka, K., Kaneko, S., Tabara, K., Kusatake, K. and Morita, 
E. 2011. The first human case of Rickettsia tamurae infection in 
Japan. Case Rep. Dermatol. 3: 68–73. [Medline]  [CrossRef]

 8. Ishikura, M., Ando, S., Shinagawa, Y., Matsuura, K., Hasegawa, 
S., Nakayama, T., Fujita, H. and Watanabe, M. 2003. Phyloge-
netic analysis of spotted fever group rickettsiae based on gltA, 
17-kDa, and rOmpA genes amplified by nested PCR from ticks 
in Japan. Microbiol. Immunol. 47: 823–832. [Medline]

 9. Kawabuchi, T., Tsuji, M., Sado, A., Matoba, Y., Asakawa, M. 
and Ishihara, C. 2005. Babesia microti-like parasites detected in 
feral raccoons (Procyon lotor) captured in Hokkaido, Japan. J. 
Vet. Med. Sci. 67: 825–827. [Medline]  [CrossRef]

 10. Mahara, F., Koga, K., Sawada, S., Taniguchi, T., Shigemi, F., 
Suto, T., Tsuboi, Y., Ooya, A., Koyama, H., Uchiyama, T. and 
Uchida, T. 1985. The first report of the rickettsial infections 
of spotted fever group in Japan: three clinical cases. Kansen-
shogaku Zasshi 59: 1165–1171 (in Japanese). [Medline]

 11. McLean, R. G. 1971. Rabies in raccoons in the south-eastern 
United States. J. Infect. Dis. 123: 680–681. [Medline]  [Cross-
Ref]

 12. Roux, V., Rydkina, E., Eremeeva, M. and Raould, D. 1997. 
Citrate synthase gene comparison, a new tool for phylogenetic 
analysis, and its application for the rickettsiae. Int. J. Syst. Bac-
teriol. 47: 252–261. [Medline]  [CrossRef]

 13. Sashika, M., Abe, G., Matsumoto, K. and Inokuma, H. 2010. 
Molecular survey of rickettsial agents in feral raccoons (Pro-
cyon lotor) in Hokkaido, Japan. Jpn. J. Infect. Dis. 63: 353–354. 
[Medline]

 14. Sato, H. and Suzuki, K. 2006. Gastrointestinal helminthes of 
feral raccoons (Procyon lotor) in Wakayama Prefecture, Japan. 
J. Vet. Med. Sci. 68: 311–318. [Medline]  [CrossRef]

 15. Smith, M. P., Ponnusamy, L., Jiang, J., Ayyash, L. A., Richards, 
A. L. and Apperson, C. S. 2010. Bacterial pathogens in ixodid 
ticks from a Piedmont County in North Carolina: prevalence of 
rickettsial organisms. Vector Borne Zoonotic Dis. 10: 939–952. 
[Medline]  [CrossRef]

 16. Tabara, K., Hoshina, K., Itagaki, A., Katayama, T., Fujita, H., 
Kadosaka, T., Yano, Y., Takada, N. and Kawabata, H. 2006. Epi-
demiological study of Japanese spotted fever and Tsutsugamushi 
disease in Shimane Prefecture, Japan. Jpn. J. Infect. Dis. 59: 
204–205. [Medline]

 17. Takada, N., Ishiguro, F. and Fujita, H. 2006. The first case of 
spotted fever in Fukui Prefecture, suggesting serologically as R. 
helvetica infection. IASR 27: 40–41.

http://www.ncbi.nlm.nih.gov/pubmed/20678332?dopt=Abstract
http://dx.doi.org/10.3201/eid1608.100049
http://www.ncbi.nlm.nih.gov/pubmed/18447622?dopt=Abstract
http://dx.doi.org/10.1089/vbz.2007.0271
http://www.ncbi.nlm.nih.gov/pubmed/21144663?dopt=Abstract
http://dx.doi.org/10.1016/j.vetpar.2010.11.020
http://www.ncbi.nlm.nih.gov/pubmed/10905974?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10905974?dopt=Abstract
http://dx.doi.org/10.3201/eid0604.000412
http://www.ncbi.nlm.nih.gov/pubmed/16223954?dopt=Abstract
http://dx.doi.org/10.1128/CMR.18.4.703-718.2005
http://dx.doi.org/10.1128/CMR.18.4.703-718.2005
http://www.ncbi.nlm.nih.gov/pubmed/16397379?dopt=Abstract
http://dx.doi.org/10.1292/jvms.67.1217
http://www.ncbi.nlm.nih.gov/pubmed/21503163?dopt=Abstract
http://dx.doi.org/10.1159/000326941
http://www.ncbi.nlm.nih.gov/pubmed/14638993?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16141672?dopt=Abstract
http://dx.doi.org/10.1292/jvms.67.825
http://www.ncbi.nlm.nih.gov/pubmed/3938467?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/5165034?dopt=Abstract
http://dx.doi.org/10.1093/infdis/123.6.680
http://dx.doi.org/10.1093/infdis/123.6.680
http://www.ncbi.nlm.nih.gov/pubmed/9103608?dopt=Abstract
http://dx.doi.org/10.1099/00207713-47-2-252
http://www.ncbi.nlm.nih.gov/pubmed/20859004?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16679720?dopt=Abstract
http://dx.doi.org/10.1292/jvms.68.311
http://www.ncbi.nlm.nih.gov/pubmed/20455778?dopt=Abstract
http://dx.doi.org/10.1089/vbz.2009.0178
http://www.ncbi.nlm.nih.gov/pubmed/16785708?dopt=Abstract

