Table 1. Clinical characteristics of 14 dogs positive for Anaplasma bovis

ID Prefecture Breed /8,%; Sex in f;rs]t;]:i on H(ﬁ;g;g'e;)f
J18 Aomori Setter 7 M NR Filariasis
N4 Chiba Mix 10 F - None
N34 Chiba Border collie 3 M NR None
010 Tokyo NR NR NR NR NR
H28 Wakayama Mix 1 M NR None
97 Tottori Siberian Husky NR NR NR Heart failure
z27 Hiroshima Mix 8 F + None
Z37 Hiroshima Plott hound 5 F + None
36 Yamaguchi Kishu 2 M NR Pemphigus
136 Tokushima Mix 7 M + None
138 Tokushima L.Retriever 8 M + None
139 Tokushima S.Sheep Dog 8 M + None
D27 Fukuoka Shiba 3 M . NR None
D37 Fukuoka Mix 5 M NR None
8 Kagoshima NR NR NR NR NR

NR, not recorded; F, female; M, male; L.Retriever, Labrador retriever; S.Sheep Dog, Shetland

sheepdog.

were positive for A, bovis. Five of the resulting 15 am-
plicons were selected at random and their nucleotide se-
quences determined to confirm the nested PCR results.
Sequences of all five samples were identical and showed
100% identity with A. bovis. The clinical characteristics
of these 15 dogs are shown in Table 1. Their geographi-
cal distribution dogs ranged from Aomori Prefecture in
the north to Kagoshima Prefecture in the south,
although 10 of the 15 dogs lived in western Japan. Tick
infestation was reported for five dogs. Hyalomma spp.,
Rhipicephalus appendiculatus, and Amblyomma varie-
gatum are known vectors of A. bovis (20-22), although
these particular ticks have not been detected in Japan.
However, 4. bovis DNA has been detected in H.
longicornis ticks collected in Japan and Korea (11,23).
This latter tick species has a geographical distribution
ranging from northern to southern Japan and targets a
wide variety of host animals (24). Unfortunately, we
were unable to identify the tick species found on the
dogs in the present study. As there is no evidence for
transmission of the pathogen to dogs by ticks, further
epidemiological studies are required to clarify the
relationship between A. bovis infection in dogs and
ticks.

A dog (J18) in Aomori Prefecture tested positive for
both A. bovis and Wolbachia sp., although the effect of
this dual infection on pathogenicity could not be deter-
mined. Furthermore, although one of the dogs which
tested positive for A. bovis had a history of heart
failure, the pathogenicity of A. bovis for dogs remains
unknown. Veterinarians should be alert to the possible
health risks posed by this agent in dogs.
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Abstract

Infection by Anaplasma and Ehrlichia in feral raccoons (Procyon lotor) in Hokkaido, Japan, was examined by mo-
lecular methods. A polymerase chain reaction (PCR) screen for Anaplasmataceae, based on 165 rRNA, showed that
38 (5.4%) of 699 raccoons examined were positive. These 38 positive samples were examined for Anaplasma pha-
gocytophilum, Anaplasma bovis, Ehrlichia chaffeensis, and Ehrlichia canis infection by species-specific nested PCR.
Nested PCR results indicated that 36 of the 38 samples were positive for A. bovis. All 38 samples were PCR negative
for A. phagocytophilum, E. chaffeensis, and E. canis. This is the first report of the detection of A. bovis in the peripheral
blood of raccoons. A total of 124 raccoons were infested with ticks, including Ixodes ovatus, Ixodes persulcatus, and
Huemaphysalis spp. The rate of A. bovis infection in raccoons infested with Haemaphysalis spp. (46.7%, 7/15) was
significantly higher than that in raccoons without Haemaphysalis spp. infestation (3.7%, 4/109, p < 0.001). No sig-
nificant differences were observed in A. bovis infection rates between raccoons infested with I. ovatus or L persulcatus
and those not so infested. A total of four ticks (two males and two nymphs) and one larval pools from four raccoons
showed positive for A. bovis—specific nested PCR. This results support the correlation between the A. bovis infection
of raccoons and Haemaphysalis infestation. In conclusion, raccoons could be possible reservoir animals for A. bovis,

and A. bovis infection in raccoons may be related to infestation with Haemaphysalis spp.

Key Words: Anaplasma—Ehrlichi=—]apan—Raccoon.

Ihtroduction

MEMBERS OF THE FAMILY Anaplasmataceae belong to the
order Rickettsiales and comprise the genera Ehrlichia,
Anaplasma, Neorickettsia, Aegyptianella, Wolbachia and Candi-
datus Neoehrlichia. Members of the Anaplasmataceae family
are obligate intracellular, Gram-negative bacteria (Dumler et
al. 2001, 2005). Infections with Anaplasmataceae pathogens
were previously known only as diseases important to veteri-
nary medicine. However, within the last 2 decades, several
new species or strains have been detected as the causative
pathogens of emerging infectious diseases in both humans
and animals. Especially, Anaplasma and Ehrlichia, members of
this family, are important emerging tick-borne pathogens
(Dugan et al. 2005). In nature, they are maintained between
ticks and wild mammals, including deer and rodents (Ka-
wahara et al. 2006). Raccoons (Procyon lotor) are some of the
reservoir animals for Anaplasma phagocytophilum, and Ehrlichia
chaffeensis and Ehrlichia canis infection in raccoons has been

reported in the United States (Comer et al. 2000, Levin et al.
2002, Dugan et al. 2005, Yabsley et al. 2008). Raccoons are
medium-sized carnivores native to North America. Due to the
influence of the cartoon “Rascal Raccoon” on television in
1977, raccoons became popular as pet animals in Japan and a
large number of raccoons were imported from North America
(Yanagihara-Agetsuma 2004). However, the wild nature is
eventually manifested in raccoons as they mature (Yanagi-
hara-Agetsuma 2004). As a result of the intentional release or
escape of pet raccoons, large numbers of raccoons have nat-
uralized in most parts of Japan (Tkeda 2008).

Anaplasma and Ehrlichia, both originally found in the Uni-
ted States (McQuiston et al. 1999, Rikihisa 1991), might have
been introduced into Japan by raccoons. DNA fragments of A.
phagocytophilum and Anaplasma bovis have recently been de-
tected from Sika deer (Cervus nippon), cattle, and several tick
species in Japan (Ohashi et al. 2005, Kawahara et al. 2006,
Ooshiro et al. 2008, Jilintai et al. 2009, Wuritu et al. 2009,
Yoshimoto et al. 2010). E. chaffeensis DNA has also been
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detected from Sika deer in Japan (Kawahara et al. 2009). We
therefore attempted to detect A. phagocytophilum, A. bovis, E.
chaffeensis, and E. canis pathogens of both human and veteri-
nary importance, by molecular analysis of peripheral blood
samples obtained from feral raccoons in Japan. The objective
of this study was also to clarify the epidemiologic role of
raccoons for these pathogens in Japan.

Materials and Methods
Raccoon blood and tick samples

A total of 699 raccoons were captured between May and
October 2007 and between March and October 2008, as part of
raccoon population control programs implemented by the
Hokkaido Government and the Ministry of the Environment
in west-central Hokkaido, Japan (Fig. 1). Raccoons were an-
esthetized with an intramuscular injection of ketamine hy-
drochloride. Blood samples from the heart were collected in
ethylenediaminetetraacetic acid tubes and centrifuged at 1000
¢ for 10 min; plasma was removed and the remaining blood
components were frozen at —20°C for polymerase chain re-
action (PCR) assays.

Raccoons were also examined for tick infestation. When
tick infestation was observed, as many ticks were collected as
possible and stored in 70% ethanol for later morphological
identification.

DNA extraction and PCR

DNA was extracted from blood or tick samples using a
QIAamp DNA Mini Kit (Qiagen GmbH, Hilden, Germany).
DNA samples were stored at —20°C in 200 uL of TE buffer
until further use.

Screening PCR was performed using the group-specific
primer pair, EHR16SD and EHR16SR, which amplifies the 165
rRNA gene of the family Anaplasmataceae (Parola et al. 2000).
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FIG. 1. Shading shows the location of the study area.
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Samples that are positive for the screening PCR were ex-
amined by species-specific nested PCR. We used the primer
pair EC9 and EC12A for the first amplification of A. phago-
cytophilum and A. bovis DNA. The resulting PCR products
were then used as templates for the species-specific second
amplification (Kawahara et al. 2006) with primers AB1f and
ABIr for A. bovis (Kawahara et al. 2006), and newly designed
primers AP-f1 and AP-rl for A. phagocytophilum. The second
PCR for A. phagocytophilum was performed under the fol-
lowing conditions: 40 cycles of denaturation (95°C, 605s), an-
nealing (58°C, 60s), and extension (72°C, 60s). For E.
chaffeensis, primers NS16SCH1F and NS165CHIR were used
for the first amplification and NS16SCH2F and NS165CH2R
for the second (Kawahara et al. 2009). For E. canis, primers fD1
and EHR16SR were used for the first PCR, and E. canis-spe-
cific primers CANIS and GATUR were used for the second
PCR (Warner and Dawson 1996). To prevent contamination in
nested PCR, we have performed each reaction setup in sep-
arate chamber using exclusive pipets and tips. Nucleotide
sequences of all primers used here are listed in Table 1. Spe-
cificity and sensitivity of newly designed A.phagocytophilum-—
specific nested PCR were examined by using DNA of A.
phagocytophilum, A. bovis, Anaplasma marginale, Anaplasma
central, Anaplasma platys, E. canis, Ehrlichia muris, Wolbachia
pipientis, Neorickettsia risticii, and R. japonica DNA. The sensi-
tivity of the nested PCR was also examined by using diluted
DNA extracted from A. phagocytophilum infected culture cells.

In the nested PCR, DNA samples extracted from the A.
phagocytophilum strain Webster, E. chaffeensis strain Arkansas,
and E. canis strain Israel were used as positive controls, and
distilled water was used as the negative control. No positive
controls were used for the A. bovis—specific PCR to prevent
cross contamination.

Sequencing and phylogenetic analysis

To determine nearly full-length sequences of the 165 rRNA
genes amplified by species-specific nested PCR, additional
PCR amplifications were performed using primer sets fD1
and EHR16SR, and EHR16SD and Rp2, respectively (Weis-
burg et al. 1991). When a strong band was detected after PCR,
products were purified using the Qiaquick PCR purification
kit (QIAGEN GmbH). Direct sequencing of the PCR products
and analysis of sequences obtained were performed as de-
scribed previously (Inokuma et al. 2007b, 2008). Homology
searches based on the sequences of the PCR products were
performed using BLAST (National Center for Biotechnology
Information). Phylogenetic relationships of the obtained se-
quences to other sequences registered in GenBank were de-
termined using the neighbor-joining method.

Statistical analysis

Chi-squared tests were performed to compare rates of
species-specific nested PCR amplification in raccoons infested
with each tick species against those from noninfested rac-
coons. StatMate IV Version 4.01 was used for the analysis,
where a p-value of <0.05 was considered significant.

Results

In the initial screening PCR, 38 (5.4%) of 699 raccoons ex-
amined were positive for Anaplasmataceae. Species-specific
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ANAPLASMA BOVIS FROM FERAL RACCOONS

TaBLE 1. SEQUENCES OF PRiMERS UsSED IN THIS STUDY

PCR product

Primer name Sequence (5'-3') size (bp) Reference
Screening PCR primers for 165 rRNA gene of Anaplasmataceae
EHR16SD 5-GGTACCYACAGAAGAAGTCC-3 345 Parola et al. (2000)
EHR16SR 5-TAGACATCATCGTTTACAGC-3'
Universal primers for 165 rRNA gene
fD1 5-AGAGTTTGATCCTGGCTCAG-3' 1450 Weisburg et al. (1991)
Rp2 5-ACGGCTACCTTGTTACGACTT-3
EC9 5-TACCTTGTTACGACTT-3' 1462 Kawahara et al. (2006)
ECI2A 5-TGATCCTGGCTCAGAACGAACG-3
Species-specific primers
CANIS 5-CAATTATTTATAGCCTCTGGCTATAGGA-3' 410 Warner and Dawson (1996)
GA1UR 5-GAGTTTGCCGGGACTTCTTCT-3'
AP-f1 5-CATGCAAGTCGAACGGGTTA-3 770 Present study
AP-r1 5-CATCAACACGGAGATAAATTATC-3
AB1f 5-CTCGTAGCTTGCTATGAGAAC-3 550 Kawahara et al. (2006)
ABIr 5-TCTCCCGGACTCCAGTCTG-3'
NS16SCHI1F 5-ACGGACAATTGCTTATAGCCTT-3 1195 Kawahara et al. (2009)
NS16SCHIR 5-ACAACTTTTATGGATTAGCTAAAT-3
NS16SCH2F 5-GGGCACGTAGGTGGACTAG-3' 443 Kawahara et al. (2009)
NS16SCH2R 5-CCTGTTAGGAGGGATACGAC-3'

PCR, polymerase chain reaction.

nested PCRs on these 38 positive samples showed that 36
were positive for A. bovis, whereas all were PCR negative for
A. phagocytophilum, E. chaffeensis, and E. canis. Randomly se-
lected 7 positive amplicons among 36 positives for A. bovis—
specific nested PCR were analyzed for nucleotide sequences
to confirm the results. All seven sequences were identical and
showed 99.8% nucleotide identity (510/511 bp) to the 16s
rRNA gene of A. bovis detected from South Africa (U03775).
To confirm the result of rest of 2 among 38 positive in the
initial screening PCR, the 2 amplicons of the screening PCR
were analyzed by direct sequence method; however, they
cannot be determined.

In the specificity test for the newly designed A. phagocyto-
philum-specific nested PCR, only A. phagocytophilum DNA
was positive. The sensitivity test of the nested PCR revealed
that it can detect DNA extracted from one infected cell in 1 uL
(data not shown).

A total of 13 samples were successfully sequenced over
~ 1400 bp of the 165 rRNA gene, excluding the primer region.
These sequences have been deposited in GenBank under the
accession numbers GU937011 to GU937023. The 13 sequences

~ were identical and showed 99.7% nucleotide identity to the 16s

rRNA gene of A. bovis detected from South Africa (U03775). This
sequence was also 99.5% identical to an A. bovis 16s rRNA se-
quence detected from Sika deer in Shimane, Japan (AB211163).
In the 165 rRNA gene-based phylogenetic tree, these 13 se-
quences clustered in the same clade as A. bovis (Fig. 2).

A total of 672 ticks were collected from 124 of the 699
raccoons. Ixodes ovatus was the predominant tick species,
followed by Haemaphysalis spp. and Ixodes persulcatus (Table
2). It was difficult to identify the Haemaphysalis specimens at
the species level because most of ticks were fully engorged or
semi-engorged. The rate of A. bovis infection in raccoons
infested with Haemaphysalis spp. (46.7%, 7/15) was signifi-
cantly higher than that in raccoons without Haemaphysalis
spp. infestation (3.7%, 4/109, p <0.001). No significant dif-

ferences were observed in A. bovis infection rates between
raccoons infested with I. ovatus or I. persulcatus and those not
so infested (Table 3).

No.439
No.453
No.513
No.501
No.426
No.464
96 No510
No.493
No.499
72| No.458
| |No.109
No.490
311 'No.a62
|| A. bovis (U03775)
* A. bovis China (FJ169957)
34" A. bovis Japan (AB211163)
A. bovis Japan (AB196475)
" A. phagocytophilum Japan (AB196720)
| — A. phagocytophilum China (DQ449948)
55 A. platys Thailand (EF139459)
——— A. centrale Japan (AB211164)
[ g9 A marginale China (DQ341370)
72— A. ovis China (AJ633052)
E. canis USA (M73221)
R. heivetica (L36212)

99

98

0.02

FIG.2. Phylogenetic relationships among various Anaplasma
spp. based on the nucleotide sequences of the 165 rRNA gene.
Clustal W software and the neighbor-joining method were
used to construct the phylogenetic tree. Scale bar represents

% divergence. Numbers at the nodes are percentages of
bootstrap re-samplings supporting the topology shown.
Numbers 109, 426, 439, 453, 458, 462, 464, 490, 493, 499, 501,
510, and 513 are identification numbers of raccoons from
which DNA was isolated.
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TaBLE 2. NUMBER OF Ticks RECOVERED FROM 124
Raccoons v HOKKAIDO, JAPAN

Female Muale Nymph Larvae Total
Ixodes ovatus 277 64 0 0 341
Ixodes persulcatus 101 20 22 2 145
Haemaphysalis sp. 1 5 43 137 186
Total 379 89 65 139 672

A total of 57 Haemaphysalis spp. (4 males, 18 nymphs, and
35 larvae) were collected from 7 raccoons among 36 positives
for A. bovis-specific nested PCR. DNA was extracted from
each adult and nymphal tick. Five larvae were pooled into one
tube and DNA was also extracted from each tube. A total of 29
tick samples (4 males, 18 nymphs, and 7 larval pools} were
analyzed to detect A. bovis by the species-specific nested PCR.
As aresult, 5 among 29 samples from 4 raccoons were positive
(2/4 males, 2/18 nymphs, and 1/7 pools of larvae) (Table 4).

Discussion

In a screening PCR based on 165 rRNA for Anaplasmata-
ceae, 38 of 699 raccoons tested were positive. These 38 positive
samples were examined for A. phagocytophilum, A. bovis, E.
chaffeensis, and E. canis infection by species-specific nested
PCR. These samples included 36 that were positive for A. bovis
and two that were negative in all the nested PCRs. It is pos-
sible that those two raccoons were infected with other species
in the Anaplasmataceae family. This is the first report of the
detection of A. bovis from the peripheral blood of raccoons;
these results suggest that raccoons could be possible reservoir
animals for A. bovis.

Although the known vectors of A. bovis are Hyalomma spp.,
Rhipicephalus appendiculatus, and Ammblyomma variegatum
(Donatien and Lestoquard 1936, Matson 1967, Rioche 1967),
those particular ticks have not been detected in Japan. A. bovis
DNA has been detected from Haemaphysalis longicornis and
Huaemaphysalis megaspinosa collected from Honshu and Hok-
kaido, respectively (Kawahara et al. 2006, Yoshimoto et al.
2010), and these ticks are possible vectors of A. bovis in Japan.
In our study, A. bovis infection rates in raccoons infested with
Haemaphysalis spp. were significantly higher than those in
raccoons without Haemaphysalis spp. infestation. No signifi-
cant differences in A. bovis infection rates were observed be-
tween raccoons infested with I. ovatus or I persulcatus and
those not infested. A. bovis infection in raccoons may be re-
lated to infestation with Haemaphysalis spp. To confirm the
correlation between the positive raccoons for A. bovis-specific

SASHIKA ET AL.

TABLE 4. RESULTS OF ANAPLASMA BOVIS-SPECIFIC NESTED
PoLYMERASE CHAIN REACTION OF HAEMAPHYSALIS SPP
COLLECTED FROM ANAPLASMA BOVIS-POSITIVE RACCOONS

Number of ticks/pools

ID of Raccoon Stage Examined Positive
BRA-08-02 N 2 0
BRA-08-08 M 1 0
BRA-08-10 M 1 0
BRA-08-21 M 2 2
BRA-08-42 N 2 1
BRA-08-47 N 7 1
L 1 0
BRA-08-53 N 7 0
BRA-08-53 L 6 1
Total 29 5

N, nymph; M, male; L, larval pool.

nested PCR and the infestation with Haemaphysalis spp.,
Haemaphysalis ticks collected from seven raccoons that
showed positive for A. bovis-specific nested PCR. As a result,
four ticks (two males and two nymphs) and one larval pools
from four raccoons showed positive for A. bovis—specific
nested PCR. This results support the correlation between the
A. bovis infection of raccoons and Haemaphysalis infestation.
Negative ticks might not intake enough amount of blood to be
infected from the host animals. Further studies are required to
confirm the role of Haemaphysalis spp. in A. bovis infection.

A. bovis causes an economically devastating disease in
livestock; its principal symptoms include fever, anorexia, di-
arrhea, and, infrequently, involvement of the central nervous
system (Matson 1967). Because raccoons frequently come
near areas where humans and domestic animals live, it is
possible that A. bovis infection is spread widely among do-
mestic animals by raccoons.

All 38 samples subjected to nested PCR were negative for
A. phagocytophilum, E. chaffeensis, and E. canis. A. phagocyto-
philum causes granulocytic anaplasmosis in humans, dogs,
and horses, and pasture fever in ruminants (Chen et al. 1994,
Rikihisa 2006, Inokuma 2007). Recently, A. phagocytophilum
DNA has been detected from 1. persulcatus, I. ovatus, Sika deer,
and cattle in Japan, including Hokkaido (Ohashi et al. 2005,
Kawahara et al. 2006, Ooshiro et al. 2008, Jilintai et al. 2009,
Wauritu et al. 2009, Yoshimoto et al. 2010). E. chaffeensis is an
agent that causes monocytotropic ehrlichiosis in humans and
dogs (Paddock and Childs 2003, Inokuma 2007), and its DNA
was recently detected from Sika deer in Japan (Kawahara et al.

TasLE 3. NUMBER OF RaccooNs INFESTED wWITH Ticks IN HOKKAIDO, JAPAN

Haemaphysalis sp. L ovatus L. persulcatus
Infestation No infestation Infestation No infestation Infestation No infestation
PCR Positive® 7 (46.7%)° 4 (3.7%)" 6 (6.6%) 5 (15.2%) 2 (4.0%) 9 (12.2%)
Negative® 8 105 85 28 48 65
Total 15 109 ‘ 91 33 50 74

“Number of raccoons species-specific nested PCR positive for Anaplasma bovis.

bp < 0.001.

‘Number of raccoons species-specific nested PCR negative for A. bovis.
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2009). Although raccoons are some of the important reservoir
animals of A. phagocytophilum and E. chaffeensis in the United
States (Comer et al. 2000, Levin et al. 2002, Dugan et al. 2005,
Yabsley et al. 2008), neither of these pathogens were detected
from raccoons in this study.

E. canis is an important pathogen that causes canine ehrli-
chiosis (Inokuma et al. 2003). Although there have been re-
ports of raccoons infected with E. canis and seropositive for E.
canis in the United States and Japan, respectively (Dugan et al.
2005, Inokuma et al. 2007a), E. canis DNA was not detected
from raccoons in this study. It is possible that E. canis was not
introduced into Japan by raccoons.

This study suggests that raccoons could be possible reser-
voir animals for A. bovis and that they play an important role
in the maintenance of A. bovis in nature. More epidemiologic
studies are required to confirm the epidemiologic role of
raccoons in A. bovis infection.
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Fig. 1 School A and B sites
Prefectures where Japanese spotted fever was reported are in black (2006-2009)"

Table 1 Knowledge of Japanese spotted fever (JSF)

School Name Infection route Symptoms Infection site Mortality
JSF A (n=187) 58 (31%) % 13 (7%) 30 ( 16”o)j 3 (2%) 14 (8%)
B (n=244) 52 (21%) 12 (5%) 22 (9%) 1 (0.4%) 10 (4%)

School A is on Awaji island, where many JSF cases were reported. School B is in Kobe, where few cases were reported.
*p<0.05
JSF: name (p = 0.029), symptoms (p =0.039)

Table 2 Knowledge of Japanese spotted fever (JSF)

With knowledge Without knowledge
consult coﬁgfﬂt Consultation Consult co)rigillt Consultation Odds D
name 7 33 70% (77/110) 227 88 72% (227/315) 091 077
A infection route 20 5 80% (20/ 25) 280 113 71% (280/393) 161 049
+ symptoms 43 9 82% (43/ 52) 257 109 70% (257/366) 203 0.08
B infection site 4 0 100% ( 4/ 4) 296 118 71% (296/414) 360 037
mortality 21 3 88% (21/ 24) 278 115 70% (278/393) 290 0.11
name 35 23 60% (35/ 58) 93 33 74% ( 93/126) 054 0.097
infection route 8 5 62% ( 8/ 13) 119 49 71% (119/168) 0.66 067
A symptoms 21 9 70% (21/ 30) 106 45 70% (106/151) 0.99 >099
infection site 3 0 100% ( 3/ 3) 124 54 70% (124/178) 3.06 047
mortality 11 3 79% (11/ 14) 116- 51 69% (116/167) 1.62 0.70
name 42 10 81% (42/ 52) 134 55 71% (134/189) 172 021
infection route 12 0 100% (12/ 12) 161 64 72% (161/225) 9.99 0.028
B symptoms 22 0 100% (22/ 22) 151 64 70% (151/215) 19.16 0.0009
infection site 1 0 100% ( 1/ 1) 172 64 73% (172/236) 112 >099
mortality 10 0 100% (10/ 10) 162 64 72% (162/226) 834 0.055

School A is on Awaji island, where many JSF cases were reported. School B is in Kobe, where few cases were reported.
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Abstract

Endemic spotted fever group rickettsiosis was reported in Shimane prefecture, Japan. From an
analysis of 14 clinical cases found in the endemic area, the infectious agent of spotted fever
group rickettsiosis was identified as Rickettsia japonica. In this study, we also found that
Rickettsia japonica was highly infected with the vector tick, Haemaphysalis longicornis, in the
endemic area. These findings suggest that the high incidence of rickettsiosis in Shimane
prefecture can be explained by the high prevalence of Rickettsia japonica among

Haemaphysalis longicornis ticks.
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Spotted fever group (SFG) rickettsiosis is known as an important arthropod-borne infectious
disease throughout the world. In Japan, Japanese spotted fever (JSF), which is caused by
infection of Rickettsia japonica (R.japonica), is known as the tick-borne SFG rickettsiosis.
Since the first case of JSF was reported in 1984 [6], 800 or more cases of SFG rickettsiosis have
been reported, mainly in the western part of Japan and Pacific coastal areas [8]. In Shimane
Prefecture, 110 cases of SFG rickettsiosis were serologically confirmed between 1987 and
2009 [4,9,10,12], of which 102 cases were found in the Misen mountains in the western area of
Shimane Peninsula (Figure). However, it is unclear why an endemic focus of SFG rickettsiosis
was found in Shimane prefecture.

In order to solve this problem, we attempted to identify the endemic Rickettsia species
infecting the cases of SFG rickettsiosis cases reported in a disease accumulation locus.
Furthermore, numerous ixodid ticks collected in Shimane Prefecture were provided for genetic
study to identify the most coﬁpetent vector species of the pathogenic Rickettsia.

We obtained 24 specimens from 14 patients confirmed serologically with SFG rickettsiosis
as follows: 14 blood specimens (6 blood clots and 8 whole blood samples), 8 eschars, and skin
samples from one patient with a biting tick. The biting tick was morphologically identified as a

female Haemaphysalis longicornis (H.longicornis) tick. These samples were collected in 2008
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or 2009, and all were obtained from patients infected in the Misen mountains.

We extracted DNA using the Generation Capture column Kit (QIAGEN, Germantown, MD,
USA) according to manufacture’s instruction. Blood clot was homogenized in PBS, then 200 pl
of supernatant of homogenized sample was used for DNA extraction. Eschar and skin samples
were pretreated with protease before DNA extraction. Whole blood was used directory for
DNA extraction.

The Rickettsia 17-kDa genus-common antigen gene and citrate synthesis gene (g/tA) were
amplified using previously published primer pairs, R1 (5’- TCAATTCACAACTTGCCATT-3")
and R2 (5°- TTTACAAAATTCTAAAAACC-3’) [1], and RpCS877p (5°-
GGGGGCCTGCTCACGGCGG-3) and RpCS1258n 5-
ATTGCAAAAAGTACAGTGAACA-3’) [3], respectively. Following PCR amplification,
DNA fragments were separated by agarose gel electrophoresis and extracted using the Qiaex
Gel Extraction Kit (QIAGEN). DNA sequencing was performed using an ABI PRISM®
BigDye™ Terminator vl.1 Kit (Life Technologies, Carlsbad, CA, USA) using an ABI Prism
310 Genetic Analyzer (Life Technologies). The nucleotide sequences were compared with the
corresponding sequences deposited in GenBank using BLAST

(http://blast.ddbj.nig.ac.jp/top-i.html).
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We succeeded in detecting both the Rickettsia 17-kDa genus-common antigen gene and the
gltA gene from 4 samples of whole blood, 8 eschars, and both a skin sample with a biting tick
and the tick itself (Table 1). All nucleotide sequences of the Rickettsia 17-kDa genus-common
antigen gene and the g/tA gene were found to be 100% identical to R. japonica (Accession nos.
D16515, and DQ909073) and also distinguishable from other Riskettsia species. These results
indicate that R. japonica is the causative agent of the SFG rickettsiosis in the Misen mountains,
suggesting that JSF is endemic in this area.

Friom 1999 to 2009, we captured 2,099 adult ticks by the flagging method in the Misen
mountaines (Area A: ca. 10km wide), in the area east of the Misen mountains (Area B:ca.10 .km
wide neighboring the Misen mountains), in the eastern half of Shimane Peninsula (Area C:
ca.40 km wide) and in the Chugoku mountains in the southern part of Shimane Prefecture (Area
D) (Figure). Ticks were morphologically identified. We also extracted DNA from 2,099 ixodid
ticks individually as same as above method, and then used for PCR examination. The
prevalence of Rickettsia in ticks was compared across the surveyed area by Fisher’s exact test.
P-values less than 0.05 were considered significant.

Of 2,099 ticks, 1,149 were collected in the Misen mountains (Area A), and 584, 294, and 117

ticks were collected in Area B, C and D, respectively (Figure and Table 2). These ticks were
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morphologically identified and were found to include 2 genera and 8 species (Table 2). These
collection sizes were mostly associated with the incidence of SFG ricket'tsiosis cases in the 4
areas, and Area A, as the most endemic area, should be surveyed in detail.

The R. japonica DNA was detected from 15 H. longicornis (4.19%) and 1 Ixodes ovatus
(L.ovatus) (5.26%) in Area A, and one each of H. longicornis (0.55%) and 1. ovatus (1.20%) in
Area B (Table 2). The DNA sequences of the ticks were identical to those of R. japonica
(Accession nos. D16515 and DQ909073) and DNA from clinical specimens. Statistical analysis
revealed that the prevalence of R. japonica in ticks collected in Area A was significantly higher
than that in Areas B—D (Fisher’s exact test of Area A to Areas B—D: P-value = 0.0032). In
particular, the frequency of R. japonica was higher among H. longicornis than among other
ticks in Area A (Fisher’s exact test of H. longicornis to sum of others in Area A: P-value =
2.36e-07) (Table 2). These analyses suggested that R. Japonica is highly prevalent among the
population of H. longicornis ticks inhabiting the Misen mountains (Area A) in Shimane
Prefecture.

Rickettsia DNA was also detected from 1. ovatus collected in Areas A and B. The tick was
previously expected as a potential transmission vector of R. japonica in Japan. However, it was

still unclear whether the tick correlates with disease accumulation in Misen mountains, because
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