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The emerging orthonairovirus Yezo virus (YEZV) has been reported in human patients in
Hokkaido, Japan, and northeastern China, and is now recognized as a important emerging tick-borne
infectious disease in East Asia. Because YEZV has been detected in ticks across Japan, China, and Russia,
broad ecological connectivity is implicated in its maintenance and dispersal. In particular, elucidating the
role of migratory birds in transporting YEZV-infected ticks is essential for predicting potential disease
spread and assessing natural infection risks. In contrast, Iwanai Valley virus IWVV) is a newly discovered
orthonairovirus recently isolated from ticks collected from vegetation in Hokkaido. Although TWVV has
not yet been detected in humans or animals, it belongs to the Tamdy genogroup, phylogenetically close to
the Sulina genogroup that includes YEZV. This relationship underscores the need to evaluate its potential
pathogenicity.

In this thesis, I investigated two aspects of orthonairovirus ecology and pathogenicity in Japan:
(1) the potential transboundary movement of YEZV via ticks attached to migratory birds, and (2) the
pathogenicity of IWVYV in a mouse model.

In Chapter 1, we collected 2,534 ticks parasitizing 15 migratory bird species during the 2020 and
2021 autumn migration seasons at Lake Kutcharo, Hamatonbetsu Town, and Lake Furen, Nemuro City, in
northern Hokkaido. Ticks were morphologically identified and tested for YEZV RNA using qRT-PCR.
Positive pools underwent complete genome sequencing with phylogenetic and recombination analyses.
Eight pools of Ixodes persulcatus (three larval, five nymphal pools) were YEZV-positive, all collected from
black-faced buntings (Emberiza spodocephala). Seven low-Ct pools yielded complete genomes, which
clustered with patient-derived strains from Hokkaido. Genome analysis suggested reassortment events
involving a tick-derived strain from this study and a patient strain from Hokkaido. In addition, Japanese,
Chinese, and Russian strains did not form geographically distinct clusters, but instead showed close genetic
relatedness across regions.

In Chapter 2, we established a mouse infection model using type I interferon receptor knockout
(IFNAR1-/-) mice to evaluate the pathogenicity of IWVV. In IFNAR 17/~ mice, intraperitoneal inoculation
resulted in pronounced body weight loss followed by fatal outcomes. In contrast, wild-type BALB/c mice

exhibited neither clinical symptoms nor mortality throughout the observation period. In IWV V-infected
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IFNARI1-/- mice, high levels of viral RNA and infectious virus were detected, particularly in the liver,
spleen, and serum. Histopathological analyses revealed acute necrotizing hepatitis characterized by
hepatocellular necrosis and inflammatory cell infiltration. Immunohistochemistry demonstrated that viral
antigens localized to HepPar1-positive hepatocytes. In the spleen, severe depletion of white pulp, reductions
in CD45-positive B cells and CD3-positive T cells, and accumulation of Ibal-positive macrophages were
observed, indicative of extensive lymphoid tissue destruction. Collectively, these pathological features
closely resemble those reported in infection models of other pathogenic orthonairoviruses, such as CCHFV
and YEZV. These findings suggest that IWVV may possess pathogenic potential in natural vertebrate hosts.

Taken together, these findings suggest that migratory birds may play an important role within the
ecological network of YEZV, and that the pathogenicity analysis of IWVV contributes to understanding
both conserved and virus-specific pathogenic characteristics among orthonairoviruses. To further clarify
transmission dynamics, pathogenic mechanisms, and public health risks, long-term and wide-scale
surveillance of ticks, birds, and wild mammals, as well as experimental studies using isolated virus strains,
will be essential.

Although tick-borne viral diseases rarely cause large-scale outbreaks, orthonairovirus infections
occur annually in East Asia, and some patients require hospitalization. Therefore, continuous public health
surveillance and preventive measures are indispensable for reducing the burden and potential impact of
these infections. This study provides fundamental knowledge on the transboundary transmission of
orthonairoviruses mediated by migratory birds and ticks, and on their pathogenicity in mice, thereby
contributing to improved prevention and risk assessment of tick-borne viral diseases in Japan and the

broader East Asian region.
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Integrative studies on emerging orthonairoviruses: viral dissemination via ticks
on migratory birds, and pathogenicity in mouse models
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