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To investigate nationwide severe fever with thrombocytopenia syndrome virus (SFTSV) infection
status, we isolated SFTSVs from patients with suspected severe fever with thrombocytopenia
syndrome (SFTS) in 207 hospitals throughout South Korea between 2013 and April 2017. A total of
116 SFTSVs were isolated from 3137 SFTS-suspected patients, with an overall 21.6% case fatality
rate. Genetic characterization revealed that at least 6 genotypes of SFTSVs were co-circulating in
South Korea, with multiple reassortments among them. Of these, the genotype B-2 strains were
the most prevalent, followed by the A and F genotypes. Clinical and epidemiologic investigations
revealed that genotype B strains were associated with the highest case fatality rate, while genotype
A caused only one fatality among 10 patients. Further, ferret infection studies demonstrated
varying clinical manifestations and case mortality rates with different strains of SFTSV, which
suggests this virus could exhibit genotype-dependent pathogenicity.

Introduction

Severe fever with thrombocytopenia syndrome (SFTS) — an emerging tick-borne infectious disease with
a high fatality rate and symptoms including severe fever and thrombocytopenia — was first reported in
China in 2011 (1, 2). The causative agent, the SFTS virus (SFTSV), was subsequently identified in South
Korea and Japan in 2013 following lethal infections in humans (3, 4). SFTSV (now renamed Huaiyangshan
banyangvirus) belongs to the genus Banyangvirus in the family Phenuiviridae (5, 6) along with other novel
tick-borne Banyangyviruses, including Heartland virus and Guertu virus (5, 7, 8). The genome of SFTSV
has negative-stranded RNA segments, including the L segment, which encodes the RNA-dependent RNA
polymerase (RdRp); the M segment, which encodes the surface glycoproteins Gn and Gc; and the S seg-
ment, which harbors a nucleoprotein (NP); and a nonstructural S segment (NS) protein, which is encoded
via an ambisense strategy (2, 9). Since the first report of SFTSV in humans in 2011 (2), the number of
human cases has rapidly increased each year in China, South Korea, and Japan (10-12). Although the
average case fatality rate varies among regions and years (13), the mean mortality rate of SFTS cases has
remained relatively high in Japan (27%), South Korea (23.3%), and China (5.3%—16.2%) (10-12). Further,
SFTSV infection has clinical features including high fever, thrombocytopenia, and leukocytopenia and can
cause central nervous system manifestations including headache, confusion, and seizure (14-16). The rea-
son for the difference in mortality rates between countries and the mechanisms underlying the varied clin-
ical manifestations caused by this infection are largely unknown; however, underlying disease conditions
are suspected (17, 18). Recently, several studies reported the identification of at least 6 different genotypes
of SFTSV in East Asian countries and that the prevalence of each genotype varied by country (19-21).
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To understand the differing clinical manifestations of SFTSV infections, several studies were analyzed to
compare host factors such as age, cytokine profile in sera, proportions of PBMCs, and viral titers in the central
nervous system (22-25). However, whether the pathogenic potential of different SFTSV strains varies remains
unclear. To this end, we characterized a total of 116 Korean SFTSVs isolates and investigated the epidemiolog-
ical and clinical records of patients, including age and clinical outcomes. Further, we evaluated the pathogenic
characteristics of each SFTSV genotype using an animal model.

Results

Characteristics of SFTS in human patients. A total of 3137 serum samples were collected from hospitalized
patients with suspected SFTS between 2013 and April 2017. These patients experienced symptoms of
SFTS, such as high fever (=38°C), vomiting, diarrhea, fatigue, thrombocytopenia, leukocytopenia, and
spots resulting from tick bites, and were treated at 207 hospitals throughout South Korea. Specimens
from 342 of these patients were found to be positive for SFTSV by real-time reverse-transcription PCR,
and there were 74 (21.6%) confirmed fatalities (Figure 1A). Of the 342 SFTSV-positive cases, a total of
116 human-derived SFTSVs were isolated in Vero E6 cells. Of these, 38 (32.8%) viruses were obtained
from fatal cases and 26 were isolated from specimens taken from farmers (26 of 116, 22.4%). The detailed
regional distribution of SFTS cases analyzed in this study is shown in Supplemental Figure 1; supplemental
material available online with this article; https://doi.org/10.1172/jci.insight.129531DS1.

The most frequent symptoms of SFTS were high fever (=38°C), gastrointestinal symptoms (vomiting,
diarrhea, and nausea), and thrombocytopenia and/or leukocytopenia (Supplemental Table 1). Patient age
ranged from 19 to 89 years, with a mean of 66.6, and the majority of virus-isolated cases were patients aged
=50 years (Figure 1, B and C). Moreover, those =70 years (46 of 74, 62.2%) showed the highest mortality
rate (P < 0.05), followed by patients 60-69 years (22 of 74, 29.7%) and 50-59 years (6 of 74, 8.1%), sug-
gesting age is an important factor for SFTSV-induced fatality (Figure 1C). There were no sex differences in
infection or case fatality rates (Figure 1D).

Genetic and phylogenetic analyses. To investigate the genetic characteristics of SFTSVs, full genomic sequenc-
es of all 116 Korean SFTSVs were analyzed using the next-generation sequencing (NGS) deep sequencing
method. These sequences, as well as all known SFTSV full-length sequences available in GenBank, were sub-
jected to phylogenetic analysis (Figure 2 and Supplemental Figure 2). The results show that Korean SFTSVs
can be roughly classified into A—F genotypes based on the classification method previously used in China and
Korea (19, 26). The majority of Korean SFTSV isolates (7 = 92 of 133, 69.2%) were classified as the B geno-
type. However, it is noteworthy that repeated analysis of genotype B strains resulted in their subdivision into 3
different genotypes, B-1, B-2, and B-3, with strong bootstrap values (>70) (Figure 2). In addition, the L and M
segments of the 16MS373 strain, as well as the L segments of the /6KS77 and KADGH4 strains, did not cluster
with known A-F genotype groups, although their internal A and/or S segments clustered with genotype B-1,
B-2, or B-3 (Figure 2). Further, the L segment of the ZJ2013-06 Chinese isolate and 3 strains of Japanese origin
(SPL057A, SPL097A, and SPL100A) also aligned with unclassified clades (Figure 2A).

Genotypes of Korean SFTSVs. Based on the phylogenetic analyses, the Korean SFTSVs were differentiated
into 6 pure genotype groups (A—F) and their reassortant genotype groups (Figure 3). In the A—F pure genotype
groups, the most prevalent genotype was B-2 (n = 48, 36.1%), followed by B-3 (n = 28, 21.1%), and B-1 (n = 16,
12.0%) (Figure 3A). Although the first Korean SFTSV strain identified was genotype F in 2012, its prevalence
was lower than that of the B (B-1, B-2, and B-3) and A genotypes (Figure 4A). Further, while genotype D viruses
(n =5, 3.8%) were detected in 2013 and 2014, in recent years this genotype has rarely been detected in Korea.
In contrast, genotype C and E SFTSV strains were not detected during this study (Figure 3A). The most preva-
lent genotype in Japan was B-2, and the overall genotype distribution was similar to that seen in South Korea,
although genotypes A and F were not reported (Supplemental Table 2). In contrast, the Chinese SFTSV strains
were diverse, with 14 genotypes reported, the most prevalent being genotype F.

In reassortant groups, R-3 (n = 6), which results from recombination between the B-1 and B-3 genotypes,
was the most common, followed by R-2, which results from recombination between the B-1 and B-2 geno-
types (n = 4) (Figure 3B). Further, even in a single strain various reassortants were present, such as R-1 (B-1
and B-2), R-4 (B-3 and F), R-5 (C and D), and R-6 (B-1 and D) (Figure 3B). The R-7 virus had an unclassified
L gene and M and S genes from the B-2 and B-1 genotypes, respectively. In addition, the R-8 virus also has the
unclassified L gene, while the M and S segments of this strain originated from B-3 and B-1 genotypes, respec-
tively. Further, the R-9 virus also contained unclassified L and M segments, while the S segment originated
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Figure 1. Distribution of SFTS cases between 2013 and 2016. (A) Suspected, confirmed, and isolated human cases of SFTS in South Korea from

2013 to 2016. (B) Age distribution
by sex and year. M, male; F, femal

of confirmed SFTS cases. (C) Number of SFTS fatalities in confirmed cases. (D) Ratio of nonfatal to fatal cases
e. Asterisks indicate statistically significant differences in mortality rates between each age group of infected

patients as determined by 2-tailed Mantel-Cox or Mann-Whitney U test (*P < 0.05).
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from genotype B-1 (Figure 3B). These results suggest that Korean SFTSV strains were actively undergoing
evolution through dynamic reassortments resulting in the creation of various novel genotypes.

Association between the case fatality rate and SFTSV genotype. To investigate whether different genetic phe-
notypes induced different case fatalities rates, we first analyzed the human mortality rate across genotypes
(Figure 4). Most genotypes of SFTSV were detected annually starting in 2013, but the reassortants (R-1,
R-2, R-5, R-8, and R-9) were first detected in 2016 with low incidence (Figure 4A). Although most gen-
otypes of SFTSVs were associated with fatalities, the B-2 genotype showed the highest incidence (48 of
133 cases) and a significantly higher mortality rate (21 of 48 patients, 43.8%) than the other genotypes (P
< 0.05) (Figure 4B). The F genotype also showed a high mortality rate (4 of 9 cases, 44.4%), although the
incidence rate was lower than that of B-3 (8 of 28 cases) and B-1 (3 of 16 cases) genotypes. In addition, the
A genotype showed the lowest mortality rate (1 of 10 cases) compared with the other genotypes (Figure
4B). Of the reassortant genotypes, R-3 showed the strongest correlation with high mortality (4 of 6 cases,
66.7% mortality rate), followed by the R-2 genotype (2 of 4 cases, 50% mortality). Although only single
cases of each of the other novel R genotypes were detected in this study, it should be noted that genotype
R-6, R-7, and R-9 viruses were isolated from fatal cases of SFTSV infection. Further, there was a clear
association between the case mortality rate and age of infected patients as revealed by analysis of clinical
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records of confirmed SFTSV cases (Figure 4C). Most fatalities were in patients older than 60 (42 of 47
cases, 89.4%), although 5 fatalities (10.6%) occurred in patients aged 50-59 (P < 0.05).

Genotype-specific pathogenicity of SFTSVs. To confirm that different genotypes of SFTSVs exhibit different
clinical manifestations, each randomly selected SFTSV strain (A [CB2], B-1 [CB3], B-2 [CB7], B-3 [CB6], D
[CBS), F [16KS89], R-1 [16MS299], R-2 [16MS310], R-3 [CBI], R-4 [KACNH?2], R-5 [16MS322], R-6 [16KS55],
R-7 [KADGH4], R-8 [16KS77], R-9 [16M5373]) was inoculated into young adult and aged ferrets, a proven
SFTSV infection model (27-29), and clinical symptoms, hematology, and mortality were monitored for 14
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days. To optimize the infection dose in ferrets, we analyzed the growth property of each selected virus in
Vero E6 cells (Supplemental Table 3). The B-1 virus showed the most efficient replication compared with
the other viruses (107 focus-forming units [FFU]/mL), and the B-2, B-3, R-1, R-2, R-3, R-4, and R-6 viruses
exhibited peak titers of approximately 10%¢ to 10”* FFU/mL. The genotype A, D, F, R-5, R-7, R-8, and R-9
strains showed attenuated viral titers in cells (10> to 10>° FFU/mL) compared with the other genotypes (Sup-
plemental Table 3). However, all viruses tested in this study grew up to at least 10°° FFU/mL at peak titers;
hence, we determined 10°° FFU/mL to be the optimal infection dose for the ferrets.

In this study, none of the young adult ferrets infected with any of the genotypes died or experienced
weight loss (Supplemental Figures 3 and 4). Further, most young adult ferrets showed only mildly elevated
body temperatures from 4 to 6 days post-infection (dpi) and short periods of viremia (within 10 dpi) compared
with aged ferrets (Figure 5, Figure 6, and Supplemental Figures 3, 4, and 5). In contrast, in aged ferrets, pure
genotypes B (B-1, B-2, and B-3) and D caused 100% mortality within 12 dpi, with high fever, significant body
weight loss (more than 20%), and high virus RNA copy numbers in collected blood samples (greater than 4
log,,/mL at 8-10 dpi) (Figure 5, B and C; Figure 6, A and B; and Supplemental Figure 3, B-E). Genotype
A- and F—infected aged ferrets showed 40% (2 of 5) and 60% (3 of 5) mortality, respectively (Figure 5A and
Figure 6C). Further, viral RNAs were detected until 12 dpi in surviving ferrets infected with genotype A and
F virus, although their body weight and temperature recovered to the normal range (Supplemental Figure 3,
A and F). In the reassortant genotype groups, R-2, R-3, and R-5 caused 100% mortality, with high fever and
body weight loss (more than 20%) (Supplemental Figure 4, B, C and E, and Supplemental Figure 5, B, C,
and E). Further, these groups showed much higher peak viral RNA copy numbers (>4.0 log,/mL) in sera
compared with the other reassortant groups (<4.0 log,,/mL) (Supplemental Figure 5, A-T). In aged ferrets
the R-1, R-4, R-6, and R-7 viruses caused 80% (4 of 5), 60% (3 of 5), 40% (2 of 5), and 40% (2 of 5) mortality
(Supplemental Figure 5, A, D, F, and G), while R-8 and R-9 caused only 20% (1 of 5) mortality (Supplemen-
tal Figure 5, H and I), with mildly elevated body temperatures and viral RNA copy numbers (<4.0 log, /mL)
(Supplemental Figure 4, H and I, and Supplemental Figure 5, H and I).
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Hematological analysis revealed that most pure and reassortant genotype—infected young adult fer-
rets maintained normal platelet numbers (more than 300 x 10%/uL), although a single B-1 and a single
D genotype—infected ferret showed decreased platelet numbers at 4 and 8 dpi, respectively (Figure 5B
and Figure 6B). Interestingly, all fatal cases exhibited persistent severe thrombocytopenia (more than
4 days below 100 x 103/pL), while surviving animals recovered their platelet numbers within 12 days
even in aged ferrets (Figure 5, Figure 6, and Supplemental Figure 5). In young adult ferrets, WBC
counts slightly decreased at 4 to 6 dpi compared with the initial day of infection but remained in the
normal range (2.5 x 10° to 16.7 x 10°/uL). Further, the ALT and AST levels were slightly increased
until 8 dpi, but returned to the normal range (ALT normal range: 49-242.8 UI'!; AST normal range:
40.1-142.7 UT") after 10 dpi (Supplemental Figures 6 and 7). However, in aged ferrets, regardless of
the genotype, most SFTSV-infected ferrets exhibited rapid thrombocytopenia, decreased WBC counts,
and increased AST/ALT levels (from 4 to 10 dpi), although surviving ferrets had recovered to the nor-
mal range of each parameter at 14 dpi (Supplemental Figures 6 and 7). Taken together, these results
demonstrate that both the age of the infected animal and the SFTSV genotype are associated with
varied clinical outputs, suggesting the genotype-specific pathogenic potential of this virus.
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Discussion

Due to the increasing incidence of human SFTSV infections, there is an elevated level of public concern.
Therefore, in this study we investigated the epidemiological and genetic diversity of SFTSV strains in South

Korea. In addition, we evaluated the pathogenic characteristics of each genotype of SFTSV using an exper-

imental, age-dependent ferret model.

During the study period, a total of 3137 suspected SETSV specimens were collected from 207 hospitals
throughout South Korea, and 342 cases, mainly elderly, were confirmed as positive for SFTSV infection.
Epidemiological investigation of SFTS cases in which virus was isolated showed that 38 (32.8%) cases were
fatal, and of these a majority of the patients were at least 50 years of age. The finding of high prevalence
and mortality rate in the elderly is in agreement with corresponding data from other studies (30). The phy-
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Figure 6. Pathogenicity of each randomly selected SFTSV pure genotype (B-3, D, F) in ferrets. Young adult (<2 years, n = 5; blue) or aged female and male
ferrets (>4 years, n = 5; red) were inoculated with 10°° FFU/mL of each randomly selected SFTSV strain (A) B-3, (B) D, or (C) F. Survival, viral titers in serum,
and platelet concentration were assessed. The normal range of platelets (171.7 x 10°/puL to 1280.6 x 10°/puL) is marked by dashed lines in each panel. Both
viral titers and platelet concentrations are presented as mean + SEM. Pound sign (#) indicates no sample due to death of all ferrets of this group. Asterisks
(*) indicate statistically significant difference between infected young adult and aged infected ferrets per dpi as determined by Mantel-Cox method
(survival) or 2-way ANOVA with Sidak’s comparison (viral copy number and platelets). Crosses (1) indicate significant difference in platelet count between
noninfected aged adult and infected aged ferrets as calculated by 2-way ANOVA with Tukey's test. *P < 0.05 and **P < 0.001, 1P < 0.001, ***P < 0.0001.

logenetic tree of 335 SFTSV strains, including 116 strains identified in this study, revealed that most Korean
SFTSVs can be classified into the 6 previously identified genotypes (A-F) (19, 26), and the B genotype can
be subdivided into at least 3 different genotypes (B-1, B-2, and B-3). Further, inconsistent phylogenetic clus-

tering segments suggested that at least 6 genotypes were co-circulating and 9 reassortments among them
in South Korea. The segmented nature of the Banyangvirus lends itself to genetic reassortment, which is
an important molecular mechanism contributing to the genetic diversity necessary for viral evolution (31).
Although there have been a few reports of genetic reassortment of SFTSV in China and Japan (21, 31, 32),

this is the first evidence to our knowledge of large and complex reassortment events, as at least 9 different

reassortant genotypes were present in South Korea (Figure 3B). This suggests that SFTSV strains undergo
evolution in nature through reassortment, resulting in the creation of novel genotypes.
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Genetic and phylogenetic analyses revealed that the B-2 (n = 4 8, 36.1%) genotype was the most com-
mon in South Korea, followed by B-3 (n = 28, 21.1%) and B-1 (n = 16, 12.0%) (Figure 3A), while the F
(n=9) and D (n = 5) genotypes were infrequently found. The highest mortality and incidence rates were
observed in patients infected with genotype B-2 (43.8%, 21 of 48 cases). In contrast, of 10 patients with
genotype A, only a single case was fatal (10%). The reported average case fatality rate associated with
SFTSV infections varied greatly in East Asia, with China at 5.3%—16.2%, Japan at 20%, and South Korea
at 23.3% (11, 33, 34). Therefore, comparison of the virus genotype and mortality rates suggests that the
differences in reported case mortality rates might be associated with the differential distribution of SFTSV
genotypes across countries. Interestingly, genetic analysis of reported full-length sequences revealed that
the most prevalent genotype in Japan was B-2, which exhibited a high case mortality rate, while genotypes
A and F were not reported. In contrast, the most prevalent genotype in China was genotype F (44.3%),
followed by genotype A (21.5%), both of which exhibited relatively low case mortality rates in Korea (35).
These results suggest that, in addition to the age of the patients, prevalence of different genotypes in each
country might also be a factor in the varied mortality rates between countries.

Previous studies demonstrated that aged ferrets mimic clinical signs (fever, hematological changes) of
human SFTSV infection (27-29). Further, severe illness was exhibited only in aged ferrets, which is similar to
that seen in humans older than 60 years. Thus, these results demonstrate that aged ferrets are a suitable SFTSV
animal model. Therefore, we used aged ferrets to investigate genotype-dependent differences in the pathogenesis
of SFTSV infection. Aged ferrets infected with genotypes B (B-1, B-2, and B-3), D, R-2, R-3, and R-5 showed
100% mortality, while genotypes A, F, R-1, R-4, R-6, and R-7 induced attenuated virulence with attenuated viral
titers and delayed death, with 40% to 60% mortality, respectively (Figure 5, Figure 6, and Supplemental Figure
5). Further, only 1 of 5 aged ferrets infected with genotypes R-8 and R-9 died from the infection, and these
groups of ferrets exhibited only moderate body weight loss (Supplemental Figure 4, H and I). These results are
similar to what was reported for genotypic variants of Rift Valley fever viruses, which exhibited different levels
of virulence in a mouse model (36). However, the low number of clinical cases of infection with certain SFTSV
genotypes, especially of the reassortant genotypes, impedes the determination of the association between gen-
otype and case mortality. Further, recently, Song et al. demonstrated that fatality induced by SFTSV infection
is associated with the absence of specific IgGs to viral nucleocapsid and glycoprotein due to a failure in B cell
class switching (37). Similarly, in our preliminary ELISA study with ferret sera, we found that SFTSV-infected
healthy young ferrets exhibited a strong IgG response, while aged ferrets showed very limited IgG responses
against the NP of the B-1/2014 SFTSV strain (unpublished observations). However, in contrast to human cases,
most fatalities occurred in 10—12 days after infection of ferrets, which is a relatively short time to induce full anti-
body responses against antigens. Therefore, it is hard to determine if there is an association between the absence
of virus-specific B cell immunity and mortality in this study. In this regard, further continuous surveillance of
SFTS patients with genomic and pathogenic analyses of detailed clinical manifestations are needed to better
understand the association between fatality and specific genotypes.

Overall, the evidence from this study increases our understanding of the genetic and pathogenic diver-
sity of SFTSVs in East Asian countries. Virological and clinical analyses revealed that there are close
associations among the clinical manifestations (case fatality), patient age, and SFTSV genotype. In addi-
tion, continuous surveillance studies are needed to contribute to beneficial for the preventions of severe
outbreaks of SFTSV infections.

Methods
Specimen collection from patients with suspected SFTS and clinical evaluation. A total of 3137 specimens (sera or
cerebrospinal fluid) were collected from SFTS-suspected patients who experienced symptoms of SFTS, such
as high fever (=38°C), vomiting, diarrhea, fatigue, thrombocytopenia, and leukocytopenia in 207 hospitals
throughout South Korea between 2013 and April 2017. SFTSV infection was confirmed in collected spec-
imens by one-step RT-PCR using an M segment-based SFTSV-specific primer set (MF3 [5'-GATGAGAT-
GGTCCATGCTGATTCT-3"] and MR2 [5'-CTCATGGGGTGGAATGTCCTCAC-31) (38). To compare
demographic characteristics of SFTS cases, information regarding age, sex, occupation, residential address,
and presence or absence of death was also collected in an epidemiologic investigation of SFTS patients.
SFTSV isolation from patient specimens. For virus isolation, Vero E6 cells (derived from an African green
monkey kidney epithelial cell [CRL-1586; ATCC]) were inoculated with the patient specimens and cul-
tured in DMEM (Gibco) containing 2% FBS (Gibco) with penicillin and streptomycin (P/S, Gibco) and
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placed in a 37°C incubator supplemented with 5% CO,. After 14 days of incubation, isolated viruses were
identified with RT-PCR. To make the stock viruses but minimize the unnecessary mutation of SFTSV
during the virus isolation, 1 or 2 addition cell cultures were conducted and stored at —-80°C until further use.

Genetic characterization and phylogenetic analysis. For whole genome sequencing, PCR fragments cover-
ing whole SFTSV genome were amplified by RT-PCR. Whole SFTSV genome cDNA libraries for use in
deep sequencing using the next-generation sequencing (NGS) method were prepared using the Nextera
XT DNA Library Preparation Kit (Illumina) with an average insert size of 300 bp. The sequencing run
was performed on a MiniSeq system (Illumina) using a MiniSeq mid-output kit, resulting in 2 X 150 nucle-
otides paired-end reads (39). PCR primer sets (5’ to 3’) are L1F: ACACAGAGACGCCCAGATGGACT,
L1308F: AGAAGTGGAAGAGAATGGCAG, L2261F: AGCTGGTACATTGGGTACTACAAGAA,
L3518F: TCAGAGAAATCAACAGTGAACAC, L4697F: TTTCTTAGCCATGTGCAGTTTAG,
L1638R: AACTCACCAGCCCTGCAGTG, L2748R: AAGAGACAGATTCGCATGCACCC, L3762R:
AGCATGTAGTGGTGCAGGAGCTG, L4995R: GGTATCACAAGAGTAGAGAAGGC, L6268R:
ACACAAAGACCGCCCAGATCTTAA, MIF: ACACAGAGACGGCCAACAATGA, MI1492F:
TTTGCCATCATAAAGAAACT, M1673R: AGGATGACAGGTGAGTACATCC, M3378R: ACA-
CAAAGACCGGCCAACACTTCA, SI1F: ACACAAAGAACCCCCTTCATT, S1029F: TGGGC-
CAAGGATTCCCTTGGCCT, S1424R: GAGAGGGCAGAAACCAGGCTCTC, S1747R: ACA-
CAAAGAACCCCCAAAAAA. The nucleotide sequences obtained from this study were assembled
using the QIAGEN Bioinformatics CLC Workbench program (version 10.1.1; CLC bio).

Genetic and phylogenetic analyses were conducted by aligning published full-length sequences of SFTSV
obtained from China, Japan, and South Korea (GenBank). A total of 335 full-length sequences of the L, M, and
§ segments (158 from China, 43 from Japan, and 134 from South Korea including this study) were included in
the analyses (Supplemental Table 4). Multiple sequence alignments were performed using the ClustalW algo-
rithm in MEGA version 6.0 (40). Phylogenetic analyses were performed based on the complete ORF sequences
of L, M, and S segments of SFTSVs using the maximum likelihood (ML) method based on Kimura’s 2-parame-
ter model. The reliability of the ML tree was evaluated by the bootstrap test with 1000 replications.

In vitro growth properties of each virus genotype in cells. Vero E6 cells were cultured in 6-well plates and then
infected with each virus genotype at an MOI of 0.001 for 1 hour, washed and incubated at 37°C in a 5% CO,
atmosphere. Cell culture supernatants were collected at 1-6 dpi, and virus titers were determined by FFU/mL.

Ferret infection studies with different SETSV genotypes. Of the isolated SFTSV strains, a total of 15 dif-
ferent genotypes of SFTSVs were selected and inoculated into each group of young adult (<2 years old,
Mustela putorius furo) or aged female and male ferrets (>4 years old, Mustela putorius furo) (n = 5) (ID bio),
respectively, with 10> FFU/mL strain as previously described (27). For the analysis of hematological
parameters and viral load, blood was collected every other day for 14 days in EDTA tubes and analyzed
for hematological parameters using a Celltac hematology analyzer (MEK-6550J/K, Nihon Kohden).
For virus titration in sera from infected animals, the number of viral RNA copies was measured as pre-
viously described (27).

Study approval. Viruses were isolated from serum samples collected from Chungbuk National University
Hospital, in accordance with procedures approved by the Institutional Review Board of Chungbuk National
University Hospital (IRB 2017-05-002-001) and Korea Centers for Disease Control and Prevention (KCDC).
The KCDC is legally tasked with the laboratory diagnosis and related research using the remaining serum
samples for SFTSV patients upon request by medical institutions in accordance with the Act on the Preven-
tion and Control of Infectious Diseases, Thus, informed consent was waived by the institutional review board
(IRB) of the KCDC (IRB no. 2014-01CON-06-P-A). All animal experiments were approved by the Medical
Research Institute, a member of the Laboratory Animal Research Center of Chungbuk National University
(LARC) (approval CBNUA-1804-18-01), and were conducted in strict accordance with and adherence to rele-
vant policies as mandated under the Guidelines for Animal Use and Care of the Korea Centers for Disease Control
(K-CDC) in an enhanced biosafety level 3 (BSL3) containment laboratory.

Statistics. Asterisks indicate statistically significant differences in mortality rates between infected
patient groups according to their SFTSV genotype; and in weight loss, temperature change, blood anal-
ysis, viral load, and titer between groups and across time points as determined by 2-tailed Mantel-Cox
method, Mann-Whitney U test, 2-way ANOVA with Sidak’s comparison, or 2 way ANOVA with Tukey’s
test. Statistical analyses were performed using GraphPad Prism version 8.2.0 for Windows (GraphPad
Software). P values less than 0.05 were considered statistically significant.
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