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Abstract of thesis:

Severe fever with thrombocytopenia syndrome virus (SFTSV) is an emerging tick-borne zoonotic
pathogen that poses a significant public and veterinary health threat in East Asia, including Japan. Since its
discovery, SFTSV has been recognized as highly pathogenic, causing severe febrile illness characterized by
thrombocytopenia, leukopenia, multi-organ dysfunction, and high case fatality rates in humans. Domestic
cats are also highly susceptible, frequently developing severe or fatal disease, underscoring the virus's
importance for One Health. The tick Haemaphysalis longicornis primarily transmits the virus. Despite
increasing reports of human and animal infections, critical aspects such as environmental stability and the
determinants of pathogenicity remain incompletely understood. In this study, we investigated these features
using comparative virological analyses and experimental infection models.

In Chapter 1, to assess environmental stability, we compared SFTSV with Kabuto Mountain virus

(KAMYV, same class and order as SFTSV), Japanese encephalitis virus (JEV, a representative enveloped virus
from a different family), and feline calicivirus (FCV, a non-enveloped virus). Viral infectivity was measured
after incubation at various temperatures and after chemical or physical inactivation, using either focus-
forming or plaque-forming assays. Among the tested viruses, SFTSV showed markedly greater stability at
4°C, 23°C, and 37°C. While KAMV, JEV, and FCV exhibited progressive loss of infectivity, SFTSV
maintained infectious titers longer, indicating enhanced environmental persistence. SFTSV also
demonstrated greater resistance to heat inactivation at 56°C and 94°C. These findings suggest that, despite
being enveloped, SFTSV possesses substantial physical stability, which may increase transmission risk in
contaminated environments, clinical specimens, and laboratory settings.
Conversely, SFTSV was effectively inactivated by common disinfectants and sterilization procedures.
Ethanol, sodium hypochlorite, and ultraviolet irradiation each rapidly reduced viral infectivity, confirming
that standard disinfection protocols remain effective when applied properly. These results provide practical
guidance for infection prevention and biosafety, emphasizing the need for rigorous decontamination to reduce
the risk of transmission from contaminated biological materials in veterinary clinics, hospitals, and research
laboratories.

In parallel, in Chapter 2, we investigated viral determinants of pathogenicity using A129 mice
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deficient in the type I interferon receptor, a well-established model of severe SFTSV infection. Previously,
two amino acid residues in the Ge glycoprotein (Gly581 and Ser934) were identified as critical determinants
of fatality. To extend these findings, we experimentally evaluated multiple SFTSV strains, including newly
isolated feline strains, in this mouse model. Infection outcomes varied considerably, with mortality rates
ranging from 20% to 100%. Notably, all strains, including those with lower fatality, carried the previously
identified virulence-associated residues (Gly581 and Ser934) in Ge, suggesting that additional viral genetic
factors modulate pathogenicity.

Detailed sequence comparisons revealed unique amino acid substitutions in strains with attenuated
pathogenicity. The Sh-F149 strain (40% mortality) possessed a unique Ile745 residue in Ge. The Yg-F197
strain (40% mortality) carried several distinct substitutions: Thr172 in NSs, Gly20 and Argl13 in Gn, and
Arg307, Val371, Pro374, and Asn1610 in the RNA-dependent RNA polymerase (RdRp). These differences
may contribute to virulence attenuation in A129 mice, potentially by affecting viral replication efficiency,
immune evasion, host cell interactions, or protein function. Although the precise mechanisms remain unclear,
these findings indicate that SFTSV pathogenicity is multifactorial, influenced by a broader set of genetic
determinants beyond the previously identified Gc residues.

To determine whether pathogenicity correlated with in vitro replication capacity, we assessed the growth
kinetics of some selected strains in Vero E6 and TLT cell lines. No significant differences were observed
among strains, with mortality rates ranging from 20% to 100%. Phylogenetic analysis showed that all
examined strains belonged to genotype J1, except the Ng-F125 strain, whose L segment belonged to genotype
J3. This indicated that Ng-F125 was a reassortant virus. Together, these results indicate that neither in vitro
replication efficiency nor viral genotype alone directly predicts pathogenicity in A129 mice. Instead, subtle
amino acid variations likely play critical roles in shaping in vivo virulence.

In summary, this research provides detailed insights into SFTSV's environmental stability and
factors influencing its pathogenicity. The virus's notable stability across a range of temperatures and its
resistance to heat inactivation highlight the importance of strict biosafety protocols when working with
potentially contaminated samples. Additionally, identifying new amino acid substitutions that may be
associated with reduced virulence enhances our understanding of the molecular basis of SFTSV's
pathogenicity. These results aid in refining risk assessments, improving infection control protocols, and
guiding future studies on viral virulence mechanisms, ultimately aiding in the better management and

prevention of SFTSV infections in both humans and animals.
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