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Serological survey of Borrelia infection of dogs in Sapporo, Japan, where Borrelia

garinii infection was previously detected
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ABSTRACT. A serological survey of Borrelia infection of dogs was performed in Sapporo, Japan, where Borrelia garinii infection in dogs
was detected in 2011. A total of 314 serum samples were collected from dogs that visited three animal hospitals in Sapporo from 2012 to
2014. The two-step evaluation method, involving screening ELISA followed by Western blot analysis, was used to detect antibodies against
Borrelia species. A total of 34 samples were positive by ELISA. Among those 34 samples, 32 were positive for Borrelia spp. by Western
blot. These findings suggest that the 32 dogs (10.2%) generated antibodies against Borrelia burgdorferi sensu lato, such as B. garinii or B.
afzelii. Antibody positivity was 7.6% and 13.3% for dogs living in urban and rural areas, respectively. Dogs with a history of tick infestation
showed a positive rate of 16.7%, which was higher, although not significantly, than the 6.7% among dogs without a history.
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Lyme disease is a zoonotic infectious disease caused
by Borrelia burgdorferi sensu lato. Borrelia burgdorferi
sensu stricto is the most pathogenic bacteria among those
which cause Lyme disease in both human and dogs, and is
distributed mainly in North American and European coun-
tries [1, 4, 5, 8, 19, 20]. While Lyme disease has also been
reported in Japan, Borrelia garinii and Borrelia afzelii are
thought to be the main causative agents [12, 13, 23]. Canine
Lyme disease was also reported in dogs in Hokkaido, the
northern island of Japan, in the 1990s [2, 3]. At that time, B.
burgdorferi was considered the pathogen. In 2011, two dogs
which presented with sudden astasia, anorexia and fever
more than 40°C were diagnosed with Lyme disease related
to B. garinii infection in Sapporo, Hokkaido [9]. Because di-
agnostic laboratories for Lyme diseases caused by B. garinii
and B. afzelii are limited in the veterinary setting in Japan,
little is known about the epidemiology of canine Lyme dis-
ease. Gaining further insight into Borrelia infections of dogs
in Sapporo, Japan, where canine Lyme disease caused by B.
garinii was previously reported, is a pressing issue. To this
end, the present study aimed to conduct a serological survey
of Borrelia infection of dogs in Sapporo, Japan.

In total, 314 serum samples were collected from dogs that
visited three animal hospitals in Sapporo, Japan, from 2012
to 2014. Most dogs visited the hospitals for health checkups,
vaccinations, filarial control, tick control, castration and den-
tal scaling, and were considered clinically healthy. Only four
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dogs presented with fever, anorexia or ataxia, clinical signs
related to Borrelia infection. Living environment (urban or
rural), sex and breed were recorded for each dog, and infor-
mation on the history of tick infestation was obtained via
questionnaire from dog owners. Serum samples were kept at
—20°C until use.

The 2-step evaluation method was used to detect antibod-
ies against bacteria belonging to Borrelia burgdorferi sensu
lato as recommended by the Centers for Disease Control
and Prevention [6]. First, samples were screened by enzyme
immunoassay. The Borrelia Dog 1gG-ELISA Kit® (Mikro-
gen, Neuried, Germany) was used to detect IgG antibodies
against pathogenic Borrelia species, including B. burgdor-
feri sensu stricto, B. garinii and B. afzelii. Samples which
were positive or unclear were selected for evaluation using
the second step, which involved use of the recomBlot Bor-
relia canis IgG® kit (Mikrogen). Scoring was based on the
presence of antibodies against each antigen, with a score of
>7 defined as positive.

Fisher’s Exact test was used to analyze the relationship
between questionnaire items and antibody positivity. The
critical probability was set at P=0.05.

We examined 314 canine serum samples for IgG antibod-
ies against pathogenic Borrelia species using the two-step
evaluation method; 34 (10.8%) were positive by screening
ELISA. Among these, 32 were further positive (=7 points)
for pathogenic Borrelia spp. by Western blot analysis. Since
IgG antibodies against Borrelia can remain in the dogs for
more than a year after exposure to the pathogen Borrelia
[11], they are reliable markers for exposure. These find-
ings suggested that the 32 positive samples (10.2%) among
314 might include antibodies against pathogenic Borrelia
species, including B. burgdorferi sensu stricto, B. garinii or
B. afzelii. As B. burgdorferi sensu stricto has never been de-
tected in Japan, B. garinii or B. afzelii is more possible spe-
cies of exposure. Both B. garinii and B. afzelii are known to
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Table 1. Proportion of dogs exposed to each determinant of positive antibodies against Borrelia species as deter-
mined by the recom-Blot Borrelia test
Number of dogs Number of positive dogs ~ Percent positivity P value*

Living environment

Urban 171 13 7.6

Rural 143 19 13.3 0.1331
History of tick infestation

Yes 48 8 16.7

No 163 11 6.7

Unknown 103 13 12.6 0.0717
Sex

Males (including castrated males) 163 16 9.8

Females (including spayed females) 145 16 11.0

Unknown 6 0 0.0 0.9227
Breed

Mix 41 7 17.1

Shih Tzu 27 4 14.8

Miniature Dachshund 34 4 11.8

Labrador Retriever 17 2 11.8

Toy Poodle 28 3 10.7

Chihuahua 10 1 10.0

Yorkshire Terrier 10 1 10.0

Shiba 23 2 8.7

Others** 134 8 6.0 0.6824

*Fisher’s Exact test, **Others include breeds for which fewer than 10 animals were assessed.

be pathogenic Borrelia species in Japan and are distributed
mainly in northern Japan [12]. The vector of both B. garinii
and B. afzelii is thought to be Ixodes persulcatus [14, 15, 17],
which is distributed mainly in the Tohoku and Hokkaido ar-
eas in northern Japan [10, 21, 22]. This tick species is also
the most dominant tick species of dogs in Hokkaido [10].
Recently, human clinical case of Borrelia miyamotoi has
been reported in Japan [16], which was originally detected
from 1. persulcatus ticks [7]. Because the cross reactivity of
antibodies against B. miyamotoi with the antigens used in
the present study is unknown, it is also possible that the 32
positive dogs might be exposed against the B. miyamotoi.

Most dogs (310 of 314, 98.7%) examined in the present
study showed no clinical symptoms and were considered
clinically healthy. Only four dogs presented with anorexia
or fever, which could be considered symptoms of Lyme
disease. One dog among the four was positive for antibod-
ies against pathogenic Borrelia by the two-step evaluation
method. This dog was diagnosed with pancreatitis by clinical
and laboratory tests. As peripheral blood from the dog was
not examined for Borrelia infection by PCR in this study,
the relationship between Borrelia infection and its clinical
symptoms could not be determined. In earlier and acute
stage of the Lyme disease, circulating IgM is usually more
superiorly detected than IgG. Because IgG against Borrelia
spp. was targeted in this study, the positive results don’t cor-
relate with the present illness.

The relationship between positivity for Borrelia antibod-
ies and factors that appear relevant to tick-borne Borrelia in-
fection was analyzed (Table 1). Antibody positivity in dogs
living in urban and rural areas was 7.6 and 13.3%, respec-

tively, with no significant difference. Positivity in dogs with
a history of tick infestation was 16.7%, which was higher
than the 6.7% observed in dogs without a history. Although
this difference was not significant, it should be noted that
6.7% of dogs without a history of tick infestation were ex-
posed to the Borrelia pathogen. This finding suggests that
dog owners might not be aware that their dogs carry ticks.
Clinical veterinarians should note that even if owners do not
indicate tick infestation, dogs may have been exposed to
pathogenic Borrelia.

Positivity for Borrelia antibodies did not significantly
differ between males (9.8%) and females (11.0%). This
may reflect the fact that most of the examined dogs were
not free roaming and thus there were fewer differences in
behavior between sexes. While some breeds have a higher
positivity for antibodies against Borrelia (Mix, 17.1%; Shih
Tzu, 14.8%; Miniature Dachshund, 11.8%; and Labrador re-
triever, 11.8%), there was no significant difference between
breeds.

Borrelia is a zoonotic pathogen of both humans and dogs,
and dogs are known to be potential sentinel animals for Bor-
relia infection [18]. The results of the present study suggest
that companion dogs living in the Sapporo area are at risk
of infection by Borrelia burgdorferi sensu lato, such as B.
garinii and B. afzelii, and that owners who walk with their
dogs are also at risk of Borrelia infection.

ACKNOWLEDGMENTS. The authors acknowledge the as-
sistance of all participating veterinarians and their staff. We
also thank to Drs. Akiyo Ikegawa and Naganari Nakajima for
their technical assistance. This study was partly funded by



SEROLOGICAL SURVEY OF BORRELIA IN DOGS

Merial Japan Co., Ltd. The sponsor had no control over the
interpretation, writing or publication of this work.

REFERENCES

1.

10.

Appel, M. J., Allan, S., Jacobson, R. H., Lauderdale, T. L.,
Chang, Y. F., Shin, S. J., Thomford, J. W., Todhunter, R. J.
and Summers, B. A. 1993. Experimental Lyme disease in dogs
produces arthritis and persistent infection. J. Infect. Dis. 167:
651-664. [Medline] [CrossRef]

Azuma, Y., Isogai, H., Isogai, E. and Kawamura, K. 1994. Ca-
nine Lyme disease: clinical and serological evaluation in 21 dogs
in Japan. Vet. Rec. 134: 369-372. [Medline] [CrossRef]
Azuma, Y., Kawamura, K., Isogai, H. and Isogai, E. 1993.
Neurologic abnormalities in two dogs suspected Lyme Disease.
Microbiol. Immunol. 37: 325-329. [Medline] [CrossRef]
Baranton, G., Postic, D., Saint Girons, 1., Boerlin, P., Piffaretti, J.
C., Assous, M. and Grimont, P. A. 1992. Delination of Borrelia
burgdorferi sensu stricto, Borrelia garinii sp. Nov., and group
VS461 associated with Lyme borreliosis. Int. J. Syst. Bacteriol.
42: 378-383. [Medline] [CrossRef]

Breitschwerdt, E. B., Nicholson, W. L., Kiehl, A. R., Steers, C.,
Meuten, D. J. and Levine, J. F. 1994. Natural infection with Bor-
relia spirochetes in two dogs from Florida. J. Clin. Microbiol.
32:352-357. [Medline]

Centers for Disease Control and Prevention 1995. Recommen-
dations for test performance and interpretation from the Second
National Conference on Serologic Diagnosis of Lyme Disease.
MMWR Morb. Mortal. Wkly. Rep. 44: 590-591. [Medline]
Fukunaga, M., Takahashi, Y., Tsuruta, Y., Matsushita, O., Ralph,
D., McClelland, M. and Nakao, M. 1995. Genetic and pheno-
typic analysis of Borrelia miyamotoi sp. nov., isolated from the
ixodid tick Ixodes persulcatus, the vector for Lyme disease in
Japan. Int. J. Syst. Bacteriol. 45: 804-810. [Medline] [Cross-
Ref]

Hovius, K. E. 2005. Borreliosis. pp.100-109. In: Arthropod-
Borne Infectious Diseases of the Dog and Cat (Shaw S. E. and
Day, M. J. eds.), Manson Publishing, London.

Inokuma, H., Maetani, S., Fujitsuka, J., Takano, A., Sato, K.,
Fukui, T., Masuzawa, T. and Kawabata, H. 2013. Astasia and
pyrexia related to Borrelia garinii infection in two dogs in Hok-
kaido, Japan. J. Vet. Med. Sci. 75: 975-978. [Medline] [Cross-
Ref]

Iwakami, S., Ichikawa, Y. and Inokuma, H. 2014. A nationwide
survey of ixodid tick species recovered from domestic dogs and
cats in Japan in 2011. Ticks Tick-Borne Dis. 5: 771-779. [Med-
line] [CrossRef]

Littman, M. P., Goldstein, R. E., Labato, M. A., Lappin, M. R.
and Moore, G. E. 2006. ACVIM Small animal consensus state-

20.

21.

22.

23.

465

ment on Lyme disease in dogs: diagnosis, treatment and preven-
tion. J. Vet. Intern. Med. 20: 422—434. [Medline] [CrossRef]
Masuzawa, T. 2004. Terrestrial distribution of the Lyme bor-
reliosis agent Borrelia burgdorferi sensu lato in East Asia. Jpn.
J. Infect. Dis. 57: 229-235. [Medline]

Miyamoto, K. and Masuzawa, T. 2002. Ecology of Borrelia
burgdorferi sensu lato in Japan and East Asia. pp.201-222. In:
Lyme Borreliosis: Biology, Epidemiology and Control (Gray, J.
S., Kahl, O., Lane, R. S. and Stanek, G. eds.), CABI Publishing,
Walilingford.

Murase, Y., Konnai, S., Githaka, N., Hidano, A., Taylor, K., Ito,
T., Takano, A., Ando, S., Kawabata, H., Tsubota, T., Murata,
S. and Ohashi, K. 2013. Prevalence of Lyme borrelia in Ixodes
persulcatus ticks from an area with a confirmed case of Lyme
disease. J. Vet. Med. Sci. 75: 215-218. [Medline] [CrossRef]

. Nakao, M., Miyamoto, K., Fukunaga, M., Hashimoto, Y. and

Takahashi, H. 1994. Comparative studies on Borrelia afzelii iso-
lated from a patient of Lyme disease, Ixodes persulcatus ticks,
and Apodemus speciosus rodents in Japan. Microbiol. Immunol.
38: 413-420. [Medline] [CrossRef]

Sato, K., Takano, A., Konnai, S., Nakao, M., Ito, T., Koyama,
K., Kaneko, M., Ohnishi, M. and Kawabata, H. 2014. Human
infections with Borrelia miyamotoi, Japan. Emerg. Infect. Dis.
20: 1391-1393. [Medline] [CrossRef]

Sato, Y. and Nakao, M. 1997. Transmission of the Lyme disease
spirochete, Borrelia garinii, between infected and uninfected
immature Ixodes persulcatus during cofeeding on mice. J. Para-
sitol. 83: 547-550. [Medline] [CrossRef]

Smith, F. D., Ballantyne, R., Morgan, E. R. and Wall, R. 2012.
Estimating Lyme disease risk using pet dogs as sentinels.
Comp. Immunol. Microbiol. Infect. Dis. 35: 163—167. [Medline]
[CrossRef]

Steere, A. C. 2001. Lyme disease. N. Engl. J. Med. 345: 115-125.
[Medline] [CrossRef]

Steere, A. C., Coburn, J. and Glickstein, L. 2004. The emergence
of Lyme disease. J. Clin. Invest. 113: 1093-1101. [Medline]
[CrossRef]

Taylor, K. R., Takano, A., Konnai, S., Shimozuru, M., Kawabata,
H. and Tsubota, T. 2013. Differential tick burdens may explain
differential Borrelia afzelii and Borrelia garinii infection rates
among four, wild, rodent species in Hokkaido, Japan. J. Vet.
Med. Sci. 75: 785-790. [Medline] [CrossRef]

Yamaguchi, N., Tipton, V. J., Keegan, H. L. and Toshioka, S.
1971. Ticks of Japan, Korea and the Ryukyu Islands. Brigham
Young Univ. Science Bull. Biol. Ser. 15: 1-226.

Yukitake, M., Kuroda, Y., Kurohara, K., Matsui, M., Yasuda,
A., Matsui, Y., Oono, S., Kimura, K. and Isogai, E. 1996. Oc-
currence of Borrelia garinii oculo-neuroborreliosis in Japan. J.
Neurol. Sci. 142: 160—161. [Medline] [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/8440936?dopt=Abstract
http://dx.doi.org/10.1093/infdis/167.3.651
http://www.ncbi.nlm.nih.gov/pubmed/8009799?dopt=Abstract
http://dx.doi.org/10.1136/vr.134.15.369
http://www.ncbi.nlm.nih.gov/pubmed/8350773?dopt=Abstract
http://dx.doi.org/10.1111/j.1348-0421.1993.tb03217.x
http://www.ncbi.nlm.nih.gov/pubmed/1380285?dopt=Abstract
http://dx.doi.org/10.1099/00207713-42-3-378
http://www.ncbi.nlm.nih.gov/pubmed/8150943?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7623762?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7547303?dopt=Abstract
http://dx.doi.org/10.1099/00207713-45-4-804
http://dx.doi.org/10.1099/00207713-45-4-804
http://www.ncbi.nlm.nih.gov/pubmed/23428777?dopt=Abstract
http://dx.doi.org/10.1292/jvms.13-0027
http://dx.doi.org/10.1292/jvms.13-0027
http://www.ncbi.nlm.nih.gov/pubmed/25155339?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/25155339?dopt=Abstract
http://dx.doi.org/10.1016/j.ttbdis.2014.05.008
http://www.ncbi.nlm.nih.gov/pubmed/16594606?dopt=Abstract
http://dx.doi.org/10.1111/j.1939-1676.2006.tb02880.x
http://www.ncbi.nlm.nih.gov/pubmed/15623946?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23047332?dopt=Abstract
http://dx.doi.org/10.1292/jvms.12-0211
http://www.ncbi.nlm.nih.gov/pubmed/7968670?dopt=Abstract
http://dx.doi.org/10.1111/j.1348-0421.1994.tb01801.x
http://www.ncbi.nlm.nih.gov/pubmed/25061761?dopt=Abstract
http://dx.doi.org/10.3201/eid2008.131761
http://www.ncbi.nlm.nih.gov/pubmed/9194849?dopt=Abstract
http://dx.doi.org/10.2307/3284432
http://www.ncbi.nlm.nih.gov/pubmed/22257866?dopt=Abstract
http://dx.doi.org/10.1016/j.cimid.2011.12.009
http://www.ncbi.nlm.nih.gov/pubmed/11450660?dopt=Abstract
http://dx.doi.org/10.1056/NEJM200107123450207
http://www.ncbi.nlm.nih.gov/pubmed/15085185?dopt=Abstract
http://dx.doi.org/10.1172/JCI21681
http://www.ncbi.nlm.nih.gov/pubmed/23391510?dopt=Abstract
http://dx.doi.org/10.1292/jvms.12-0439
http://www.ncbi.nlm.nih.gov/pubmed/8902739?dopt=Abstract
http://dx.doi.org/10.1016/0022-510X(96)00212-2

