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In this project, we are performing the examination mainly on rickettsiosis, borreliosis, anaplasmosis including unknown
emerging tick-borne infectious disease for comprehensive strategy of prevention, diagnosis, treatment of tick-borne
bacterial infections.

1) Development of rapid diagnosis and surveillance of tick-borne emerging infectious diseases: In the development of
rapid diagnosis, we went ahead through the data accumulation in the clinical specimen of the LAMP which covered all
rickettsias, and prepared for introduction to public health setting. In addition, for scrub typhus LAMP, molecules
performed the increase of the Shimokoshi type stock with the distance, preparations for genome analysis systematically.

In the search of Ehrlichia spp., 29 of 1,237 29 ticks were PCR-positive. Ticks of Ixodes turdus showed highest positive
rate (10.7%, n=84). These Ehrlichia spp. were different from known those types in Japan, and closely related to EArlichia
chaffeensis Arkansas . For the sero-surveillance, we tried adaptation from mouse isolate to various cell lines. HL60, THP-
1, which were usually used for Ehrlichia, and tick-derived ISE6 cell, were not established by blind passage. However, RF
cell showed possibility.

2) Field research on acari-borne emerging infectious Diseases: Vectorial surveys were conducted in 2016 in several areas
of Japan to determine the prevalence of Orientia tsutsugamushi and Rickettsia species in chigger mites and ticks. No
Leptotrombidium tosa as a vector of Shikoku type scrub typhus was found in the reported endemic areas of Shikoku and
Awaji Island. Whereas L. kitasatoi as a probable vector was recognized. Cases of L. scutellare-borne scrub typhus were
determined in the distributional area of L. suctellare of Tokushima Pref. for the first time. Spotted fever group rickettsiae
were isolated from ticks collected in new investigation points of Yamagata, Tochigi, Yamaguchi and Kochi Prefs..
Antibodies to scrub typhus and/or spotted fever antigens were detected in sera of various species of wild mammals.

3) Collection of clinical information and analysis of pathomechanism of tick-associated disorders including tick-
associated rash illness: In 2016, we got 160 case reports of patients with tick bite. There are 136 cases with Amblyomma
testudinarium, 10 cases with Haemaphysalis longicornis, 3 cases with Ixodes ovatus and 11 cases with others in those
patients. There are 25 cases of tick-associated rash illness (TARI), tick bites with large erythema over 50mm in diameter,
in 136 cases with A. testudinarium. We also checked anti-rickettsia and anti-borrelia antibodies in sera from 22 samples
(20 cases) with tick bites including 4 samples of TARI and obtained negative results. This indicates a high possibility that
TARI is not an infectious disorder due to rickettsial or borrelial infestation in the present state.

4) Investigation for borreliosis by newly developed diagnostic method: We identified two antigens which are useful for
serodiagnosis of Borrelia miyamotoi disease (BMD) in Japan. A sensitivity of the serodiagnosis system is raised 4-fold
higher than classical method using GlpQ antigen. Any of non-specific reactions was not found in control groups.
Serological investigation with newly establish method suggested that BMD is highly prevalent in viral-like illness
associated to tick exposure (neglected SFTS virus infection). Seropositive cases were found in Honshu and Kyushu,
although etiological agent(s) and its transmission vector are still undetermined.

5) The elucidation of maintenance of borrelial infection in ticks and the epidemiological study of novel relapsing fever
agent, B. miyamotoi, and related species: (1) We established the procedure to infect with B. miyamotoi for nymphal ticks
of Ixodes persulcatus. By using this system, we investigated borrelial distribution in tick and vectorial response against
borrelia infection. And we identified master regulator of tick innate immunity system (IMD/Toll pathway), Dif and Relish,
from I. persulcatus. Dif and Relish were unregulated when B. miyamotoi was inoculated. On the other hand, borrelia was
not eliminated from ticks although tick innate immunity was initiated. It may suggested Borrelia has a mechanism to
escape from tick immunity when borrelia was infected with compatible tick host. (2) In the epidemiological study, we
investigated a prevalence of emerging relapsing fever borrelia (B. lodestar-like) in rodents and raccoon captured in
Yamaguchi and Wakayama, respectively. Borrelial DNA was detected from blood specimen of raccoon. However, the
prevalence of relapsing fever borrelia is slightly low than that of deer/boar in Wakayama. Furthermore, serological study
reveals 85% of deer showed positive to GlpQ antigen that is specific for relapsing fever borreliac. These may suggest

deer are work as sympatric host of the borrelia in nature. Moreover, we successfully isolated B. miyamotoi continental



type strains for the first time in the world. (3) To investigate pathogenicity of emerging relapsing fever Borrelia, we have
started comparative genome sequence of infectious/ non-infectious B. miyamotoi strains.

6) Identification of tick molecules associated with pathogen transmission as vaccine targets, and biochemical and
immunological analysis of the tick molecules enhancing the pathogen infectivity: In this research, sL2, a tick-derived
immunosuppressant, was identified in Ixodes persulcatus, and their biological functions were studied. Recombinant sL.2
(rsL2) induced the IL-10 production and inhibits the TNF-a production from bovine PBMCs. Furthermore, rsL.2 appeared
to inhibit the TNF-o, production from CD14" cells. Thus, this molecule seems to be involved in tick-feeding and
transmission of pathogens by suppressing the host immune responses such as the production of cytokines. It will be
necessary to further investigate its functions, such as inhibition of the proliferation of immune cells in the hosts, using /.
persulcatus rsL2. These researches will be required to develop an effective vaccine to control 1. persulcatus in the field.
7) Development of serodiagnostic assay and surveillance for anaplasmosis and the related infectious disease: Human
granulocytic anaplasmosis (HGA) is a tick-borne emerging infectious disease and caused by Anaplasma phagocytophilum.
In recent years, HGA patients have been discovered in Japan. So far, we found that three P44 major surface protein
antigens (P44-47E, P44-60, P44-18ES) encoded by a p44 multigene family are available for HGA diagnosis. Those
recombinant proteins were specifically immunoreactive with certain patient’s sera, but it is hard to express massively and
purify the recombinant proteins for preparation of diagnostic antigens, probably due to high hydrophobicity of those
surface proteins. Last year, we reported the successful identification of 10 specific epitopes within the hypervariable
regions of three P44 protein species that allow to react with patient’s sera by peptide array analysis. In this year, we further
examined a total of 22 peptides including 12 new epitope candidates of those protein species that contained the conserved
regions among them. The 9- to 15-amino acid peptides were synthesized as respective spots on a cellulose sheet and the
reactivity with HGA patient’s sera were examined. The results showed that those patient’s sera reacted widely with
multiple peptides in 22 spots, suggesting that the detection accuracy is more improved, and the use of these synthetic
peptides as antigens may be helpful for development of a new HGA serodiagnostic method.

8) Analysis of collected clinical information, elucidation of treatments, and construction of clinical network: We searched
the published case reports, and patients were divided into three cases; death, severe and mild cases. The severity and
treatment for JSF were studied. These 47 articles had consisted of English 15 reports, Japanese 32 reports. We
summarized 5 deaths, 19 life-saved severe cases and 39 mild cases. 15 (79%) in severe 19 cases were treated by MINO
alone. It should be discussed tetracycline monotherapy is suitable for JSF treatment or the patient resulted in severe state
because of tetracycline monotherapy. 27 (69%) of 39 mild cases were treated by monotherapy; MINO or DOXY. Duration
until appropriate medication started was 8.0+3.5 days in the group of death and severe cases, and 5.6+2.6 days in the
group of mild cases. It was difficult to clarify the apparent effectiveness of combination therapy. Even now the evidence
of combination therapy in JSF patients is insufficient. It is necessary to collect more cases of JSF.

9) Upgrading of genome sequence information: Regarding genome analyses of spotted fever group (SFG) Rickettsia,
following results or data were obtained. (1) Complete or nearly complete genome sequences of 31 Rickettsia japonica
strains isolated from patients or ticks were determined, and these data and the results of fine comparison of these genomes
were published. The results indicated that R. japonica strains distributed in Japan are genetically highly homogeneous
and thus high quality genome sequences are required for the molecular epidemiological study of this species. A possibility
that the geographical distribution of R. japonica is currently expanding in Japan was suggested. (2) Complete genome
sequences of a R. heilongiangenesis strain isolated in Japan and a pathogenic new SFG Rickettsia strain isolated in
Thailand were determined and annotated. (3) Draft genome sequences of 22 strains belonging to the LON spp., which is
tick-associated but very closely related to R. japonica and R. heilongiangenesis, were obtained. Among these, a complete

genome sequence of one strain was determined.
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We identified two antigens which are useful for serodiagnosis of Borrelia miyamotoi disease
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(BMD) in Japan. A sensitivity of the serodiagnosis system is raised 4-fold higher than
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