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SUMMARY: Based on specific sequencing, we found that a Borrelia garinii strain from a rodent in Fukui
Prefecture, Japan was highly similar to the unique Borrelia strains (pattern R /́R) isolated in northeastern China
and Korea, and to strains from ticks feeding on migratory birds in Fukui Prefecture. These findings indicate that
the Borrelia with this unique pattern may be locally naturalized to the epizootic transmission cycle in Japan, and
that Borrelia is dispersed from the Asian Continent to Japan via migratory birds.
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It is well known that migratory birds maintain Lyme
disease-causing Borrelia spp. and play a role in the long-
distance dispersal of these pathogens (1-3). The incidence of
Borrelia spirochetes harbored in birds is usually estimated
based on the Borrelia infection rate of bird-feeding imma-
ture ticks, regardless of whether or not the tick species is
itself a vector of dispersal. When we classified Borrelia iso-
lates from bird-feeding ticks in Mt. Nyu of Fukui Prefecture,
central Japan by 5S-23S rRNA intergenic spacer restriction
fragment length polymorphism (RFLP) analysis (4), two
strains, Fi14f and Fi24f, were determined to have the unique
R /́R pattern of Borrelia garinii, which had been recorded in
northeastern China (Inner Mongolia) and Korea (6,7), while
all of the B. garinii isolates from Ixodes persulcatus ticks
and various rodents in Japan have been recorded as having
the B /́B pattern (Eurasian type) or the C /́C pattern (Asian
type) (5). This suggests that birds infected with the unique
pattern Borrelia directly migrate from the Asian Continent
into central Japan. We therefore investigated whether the
unique R /́R pattern of B. garinii has been naturalized into
the epizootic transmission cycle of Borrelia in Japan.

A total of 25 Borrelia isolates from field-collected I.
persulcatus and 14 Borrelia isolates from field rodents in
Hokkaido, Aomori, Fukushima and Fukui Prefectures, all
of which were collected from 1993 to 1995 and tentatively
identified as B. garinii or Borrelia afzelii by the previous
method (8), were reexamined using 5S-23S rRNA intergenic
spacer RFLP analysis (4,5,9). Of these, an isolate showing
the unique pattern R /́R was subjected to the 5S-23S rRNA
intergenic spacer sequence analysis (9), and compared with
the same-pattern strains from the Asian Continent and
migratory birds as described above (4).

When the 25 Borrelia isolates from I. persulcatus were
tested by RFLP analysis, the isolate from Aomori Prefecture,
northern Japan had the B /́B pattern of B. garinii, the 14 iso-
lates from Fukushima Prefecture, eastern Japan had the B /́B
(n = 12 cases) or C /́C (n = 2) patterns of B. garinii, and the

10 isolates from Fukui Prefecture had the B /́B (n = 1) or C /́
C (n = 9) patterns of B. garinii. Among the 14 isolates from
field rodents, the 10 from Clethrionomys rufocanus bedfordiae
in Hokkaido, northernmost Japan had the C /́C pattern of B.
garinii (n = 9) or the D /́D pattern of B. afzelii (n = 1), the 2
from Apodemus speciosus in Fukushima Prefecture had the
C /́C pattern of B. garinii, the isolate (strain FiAE11) from A.
speciosus on the peak of Mt. Heko (1,400 m above sea level),
Fukui Prefecture (Fig. 1) had the Rv1´/Rv1 pattern of B.
garinii, and the 2 isolates from Eothenomys smithii in Fukui
Prefecture had the C /́C pattern of B. garinii (n = 1) or the D /́
D pattern of B. afzelii (n = 1). The pattern Rv1 /́Rv1 of the
strain FiAE11 on Mt. Heko was the first recorded from a
reservoir rodent in Japan (Table 1). Strain FiAE11 produced
a 237-bp 5S-23S rRNA spacer amplicon that was similar in
size to those of strains ChY13p (accsession no. AB007450)
from a tick in northeastern China, 935T (accession no.
L39081) from a tick in Korea and Fi14f (accession no.
AB015911) derived from a bird Turdus pallidus on Mt. Nyu,
Fukui Prefecture, but strain Fi24f (assession no. AB015912)
in Mt. Nyu produced a 240-bp 5S-23S amplicon. Strain
FiAE11 showed three fragments (144, 52 and 41 bp in size)

Fig. 1.  A map showing the distribution of R´/R pattern strains of B.
garinii. 1, strain ChY13p in northeastern China; 2, strain 935T in
Korea; 3, strains Fi14f and Fi24f in Mt. Nyu, Fukui Prefecture; 4,
the present strain FiAE11 in Mt. Heko, Fukui Prefecture.
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by digestion with DraI and four fragments (107, 51, 41 and
38 bp in size) by digestion with MseI, which were identical
to those of strain Fi14f. Although the fragment sizes of
FiAE11 differed from those of 935T, the nucleotide sequence
showed only one base substitution between these strains: the
nucleotide No. 94 of strain FiAE11 was T and that of strain
935T was C (Fig. 2). Strain FiAE11 had the nucleotide
sequence GTTTT, which is common to those of strains 935T
and Fi14f but is not found in strains Fi24f and ChY13p. On
the other hand, we have already reported that the sequences
of strains 935T and ChY13p were highly similar to those of
strains Fi14f (99.6%) and Fi24f (97.9%), respectively (4). As
shown in Table 1, the sequence of the present strain FiAE11
was highly similar to those of strains Fi14f (100%) and Fi24f
(95.0%) derived from migratory birds in Fukui Prefecture,
and also to those of strains 935T (99.6%) from Korea and
ChY13p (95.0%) from China.

We previously indicated that migratory birds may disperse
Borrelia from the Asian Continent to central Japan, based on

Borrelia isolations from immature Haemaphysalis flava /I.
persulcatus ticks feeding on birds collected on Mt. Nyu,
which is a low mountain that is I. persulcatus-free (4,10).
Furthermore, we noted that H. flava occasionally transmits
B. garinii. Despite such occasional cases, it is certain that
I. persulcatus has the highest vectorial competence for
Borrelia spp., as shown in many reports. We have confirmed
that I. persulcatus is densely distributed on Mt. Heko, which
is one of the highest mountains in Fukui (unpublished data).
Therefore, the fact that the unique R /́R pattern of B. garinii
(FiAE11) was isolated from a rodent on this mountain strongly
suggests that an epizootic transmission cycle of R /́R pattern
Borrelia exists there. In addition, Baba et al. (11) reported
that a Borrelia strain isolated from a Lyme disease patient at
the northern foot of Mt. Fuji, Yamanashi Prefecture demon-
strated the R /́R pattern. This is the first and still the only
human case infected with the R /́R pattern Borrelia, although
many cases are known in northern and central Japan. Such
findings in Fukui and Yamanashi Prefectures strongly sug-

Table 1.  RFLP analysis and sequence similarity of 5S-23S rRNA gene intergenic spacer

DraI MseI Sequence
Locality Source Strain

RFLP pattern fragment size RFLP pattern fragment size similarity

Fukui, Japan

Mt. Heko A. speciosus FiAE11 Rv1´ 144,52,41 Rv1 107,51,41,38 –

Mt. Nyu H. flava N Fi14f Rv1´ 144,52,41 Rv1 107,51,41,38 100.0

H. flava N Fi24f Rv2´ 188,52 Rv2 107,82,51 95.0

Korea I. persulcatus 935T R´ 185,52 R 107,79,51 99.6

Northeastern China I. persulcatus ChY13p R´ 185,52 R 107,79,51 95.0

France I. ricinus 20047 B´ 201,52 B 108,95,50 92.1

H. flava N, nymphal ticks feeding on the bird T. pallidus.
Strains other than strain FiAE11 in Mt. Heko were used as comparative reference strains.

Fig. 2.  Nucleotide sequence alignment of the 5S-23S rRNA intergenic spacer of FiAE11 and the reference Borrelia isolates.
The 3  ́region of the 5S rRNA gene and the 5´ region of the 23S rRNA gene are indicated in boldface type. The corresponding
primers are underlined. The asterisks and a box indicate identical nucleotides and the specific sequence, respectively. Base
substitutions are indicated by double underlining.



186

gest that this unique pattern of Borrelia is locally scattered,
but not yet common in Japan, and that it is introduced from
the Asian Continent to Japan by infected migratory birds or
ticks.
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