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Detection of Lyme Disease Spirochetes in the Skin of Naturally
Infected Wild Sika Deer (Cervus nippon yesoensis) by PCR
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We demonstrated the presence of Borrelia burgdorferi sensu lato DNA in the skin tissues of naturally infected
wild sika deer, using PCR. The risk of transmission of B. burgdorferi sensu lato is recognized in sika deer.

The etiological agent of Lyme disease is the spirochete Bor-
relia burgdorferi and associated species (2, 9), which are pri-
marily transmitted by ixodid ticks (1, 5, 10). Although it is well
known that Ixodes ticks feed on deer species (10, 19), the role
played by deer species in the epidemiology of Lyme disease
spirochetes is not completely understood. Several reports have
suggested deer as reservoirs of these spirochetes (4, 6, 14, 18),
while other investigators have concluded that deer are incom-
petent reservoirs for B. burgdorferi (8, 17). In this experiment,
we searched for spirochetes in the skin of wild sika deer (Cer-
vus nippon yesoensis) by the PCR method. The detection of
Lyme disease spirochetes in skin samples obtained from wild
animals by the culture method is difficult, since the growth of
the spirochetes is very slow and skin samples from animals in
the wild are usually contaminated by many other bacterial
species. However, it is very important to detect the etiological
agent in skin to confirm the risk of transmission of B. burgdor-
feri, since ticks pick up the spirochetes while feeding on skin.
We obtained skin samples from eight wild sika deer (1 to 2

years old) in East Hokkaido, Japan (438129 to 438309N, 1438249
to 1448129E), in August 1991, with the kind support of M.
Suzuki, N. Ohtaishi, and members of the Wild Life Research
Workshop. First, the sika deer were examined for feeding ticks,
and adults and nymphs of Ixodes persulcatus and other species
were found on five of the eight deer. In tick-positive deer, one
skin sample without ticks adjacent to the tick-infected area was
taken from each deer. Nymphal and adult ticks feeding on the
skin area were also collected. All five deer had feeding ticks
clustered on their ears (30 to 40 ticks on a square 5 by 5 cm),
and we therefore obtained all tick samples and all skin biopsy
specimens, including those from the three tick-negative deer,
from the ears. To examine the penetration of Lyme disease
spirochetes into the body of the deer, healthy skin specimens
were also obtained from the backs of tick-positive deer. The
specimens (ear, blocks 3 by 3 by 3 mm; back, squares 3 by 3 mm
and 10 mm in depth) were cut into small pieces and homoge-
nized in TE buffer (10 mM Tris-HCl [pH 7.5], 1 mM EDTA).
DNA was extracted with SepaGene (Sanko-Junyaku, Tokyo,
Japan). Modified PCR, based on the method described by
Picken (15), was used to detect the B. burgdorferi sensu lato

gene for the flagellum-associated 41-kDa antigen (flagellin), as
previously described (7). The amplified 167-bp DNA fragment
was analyzed by 4% agarose gel electrophoresis. In this pro-
tocol, lysis of at least 10 to 100 Lyme borrelias was sufficient to
obtain a positive result, and no cross-reactivity with other bac-
teria, such as Escherichia coli or Leptospira interrogans, was
observed (7).
Isolation of B. burgdorferi sensu lato from the tick midgut

was carried out according to the method described by Miy-
amoto et al. (12) with Barbour-Stoenner-Kelly medium (3). B.
burgdorferi sensu lato was isolated from the adult and nymphal
ticks obtained from three of the five tick-positive sika deer.
The borrelia-positive rate in ticks obtained from the three deer
was 81% (17 of 21 ticks from the three deer were positive),
which was much higher than the rate in field-swept ticks (less
than 16%) (11), suggesting the high risk of infection on the
skin of the deer. No spirochetes were detected in any ticks
taken from the other two tick-positive sika deer, as determined
by culture.
Three skin biopsy specimens obtained from ears of the three

deer with spirochete-positive ticks were positive by PCR. In
contrast, the two samples obtained from the two deer with
spirochete-negative ticks were negative by PCR. The three
samples obtained from the healthy skin of the three deer with-
out ticks were also negative by PCR. (Fig. 1). These findings
indicate that Lyme disease spirochetes are present in the skin
of wild sika deer infested with spirochete-positive ticks. How-
ever, PCR was negative in the healthy skin samples apart from
the tick-infested area obtained from the backs of the deer with
spirochete-positive ticks (data not shown), suggesting local in-
fection by the spirochetes. The ticks emit pheromones and
therefore tend to gather on the skin of infested animals (16).
Indeed, we observed clusters of ticks on the deer. Many spi-
rochete-negative ticks infesting the deer would be infected with
spirochetes through the deer skin if there was one spirochete-
positive tick in the cluster. Therefore, it could be said that
general infection of the deer with Lyme borrelias is not nec-
essarily needed for the efficient transmission of Lyme borrelias
from one tick to many ticks in the cluster. The wood mouse
(Apodemus speciosus ainu) is a competent reservoir for Lyme
disease spirochetes transmitted by I. persulcatus in Hokkaido,
Japan. Both the larvae and the nymphs of I. persulcatus ob-
tained from A. speciosus ainu showed a high incidence of in-
fection with the spirochetes (13). Wild sika deer are commonly
exposed to two stages of vector ticks, adult and nymphal I.
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persulcatus, similarly to A. speciosus ainu. In this study, we
detected spirochetes in the skin lesions of sika deer by a PCR
method and spirochetes in the midgut of two stages of I. per-
sulcatus feeding on sika deer by a culture method. We there-
fore conclude that, in the wild, deer could be a source of Lyme
disease spirochetes in ticks and could play an important role in
spreading the spirochetes in ticks of different generations.
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FIG. 1. Agarose gel electrophoresis of amplification products of the partial-
length (167-bp) flagellin gene of B. burgdorferi sensu lato. Lane 1, Borrelia garinii
(B. burgdorferi HP3) DNA; lanes 2 to 9, skin specimens obtained from the ears
of eight sika deer. Ticks were found on five deer (lanes 2 to 6). B. burgdorferi
sensu lato was isolated from ticks infesting three of these five sika deer (lanes 2
to 4). *, detection of Lyme disease spirochetes from the midgut of I. persulcatus
feeding on sika deer by the culture method. N.D., not done. The arrowhead
indicates amplified products (167 bp).
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