D-dimer level. The patient’s serum ferritin level of >40 000 ug/
L was extremely elevated (normal range, 3-166 pg/L). Urinary
analysis showed proteinuria and microhematuria. The blood
culture was sterile. Computed tomography of the chest and
abdomen showed right axillary lymphadenopathy and bilateral
renal swelling; however, there was no evidence of hepatospleno-
megaly. Bone marrow aspiration revealed mildly hypocellular
marrow with an increase in levels of activated histiocytes and
hemophagocytes. The patient’s condition deteriorated rapidly
on the day following admission with the appearance of macro-
hematuria and a massive amount of tarry stool. Death occurred
on the third day of hospitalization.

Serum was used for virus isolation using Vero and Felis catus
whole fetus (Fcwif-4) cells. Cytopathic effect appeared in both
cells within 5 days. Many DNA fragments that were homolo-
gous to those of SFTSV were detected in the culture superna-
tant of the cells inoculated in next-generation sequencing.

DNA amplified by conventional RT-PCR using either of 2
primer pairs showed the expected sizes of 458 or 461 bp in
agarose-electrophoresis (data not shown). The inoculated Vero
cells were tested for the presence of SFTSV antigen in indirect
IFA with rabbit anti-SFTSV rNP serum and showed a similar
positive reactivity (Figure 14). Enveloped and spherical virions
with approximate diameters of 100 nm were detected by elec-
tron microscopy (Figure 1B). The morphology of the virion is
compatible with that of a bunyavirus. The virus isolated from
the patient was named SFTSV YGI.

Autopsy findings included right axillary lymphadenopathy
(3.5 % 2.0 cm; Figure 2A), bilateral renal swelling, mild reten-
tion of pericardial fluid (140 mL), and hepatic steatosis. Gastric
ulceration was also observed in the pyloric region.

Severe necrotizing lymphadenitis with massive necrosis, the
depletion of small lymphocytes, and severe infiltration of the
swollen right axillary and right cervical lymph nodes by histio-
cytes and immunoblasts were observed (Figure 2B and 2C). Ne-
crosis, which comprised nuclear debris and eosinophilic ghosts
but not granulocytes, was distributed throughout the cortical
area, the sinuses, and the capsule of the lymph node and had
spread to the perinodal adipose tissue. No clusters of epithelioid
histiocytes, stellate microabscesses, or granulomas were observed.
There were no obvious intranuclear or intracytoplasmic viral in-
clusions. Prominent hemophagocytosis was observed in these
lymph nodes, the bone marrow, and the spleen (Figure 2D and
2E). The bone marrow was relatively hypocellular, with no reduc-
tion in the number of megakaryocytes. The liver showed mild mi-
crovesicular fatty changes in zone 3 and mild inflammation,
comprising lymphocytes and macrophages, around the portal
tracts. The kidney showed subepithelial hemorrhage within the
renal pelvis (Figure 2F). Significant hemophagocytosis were also
observed in the mediastinal, hilar, and abdominal lymph nodes
with no evidence of necrosis (Figure 34, 3C, and 3E). The find-
ings in the remaining visceral organs were unremarkable.

Positive signals for SFTSV NP antigen were detected in the
cytoplasm of blastic cells and necrotic regions in the cortical
area of the right axillary lymph node (Figure 3B). Viral
antigen-positive cells were also detected in the right cervical
lymph nodes (Figure 3D) but not in the mediastinal lymph
nodes (Figure 3F), regardless of the level of immunoblast infil-
tration and hemophagocytosis (Figure 3E). Relatively few
SFTSV antigen-positive cells were detected in the bone
marrow, adrenal glands, the liver, and the spleen (Figure 3G-J),
with no notable cytopathic effects or necrosis. No antigen-
positive cells were detected in the heart, lungs, kidneys, gastro-
intestinal tract, aorta, or iliopsoas muscle.

The SFTSV genome, SFTSV genomic RNA (negative-strand
RNA; Figure 4A), and mRNA (positive-strand RNA; Figure 4B)
were detected in the blastic cells in the right cervical lymph
node by ISH-AT analysis [18-20], while no signals were detect-
ed using an irrelevant probe as a negative control (Figure 4C).
No signals showing necrotizing lymphadenitis without SFTSV
infection were detected in the lymph nodes (negative control;
Figure 4D).

SETSV RNA was present, with high copy numbers, in the
right axillary and cervical lymph node sections (Supplementary
Table 3). Consistent with immunohistochemical analysis
results, low copy numbers (100-1000 copies) of SFTSV RNA
were also detected in the bone marrow, the spleen, the liver,
and the adrenal glands. A few copies (<100) were detected in
other tissue sections that did not contain antigen-positive cells
(as assessed by immunohistochemical analysis), suggesting that
quantitative real-time RT-PCR detected cell-free circulating
SFTSV; a high viral load in the serum is characteristic of SFTS
infection [22]. The number of SFTSV RNA copies/cell was cal-
culated using the B-actin mRNA copy number, estimated at
1500 copies/cell [17]. The SFTSV RNA copy numbers in the
right axillary and cervical lymph node sections were the highest
among the tissues tested, while the bone marrow, spleen, and
liver showed relatively lower copy numbers per cell (Supple-
mentary Table 3).

The Retrospective Study

Serum samples collected from 23 patients who were retrospec-
tively suspected of having SFTS were sent to the Department of
Virology 1, NIID (Figure 5). The male-to-female ratio was 18:5.
The earliest infection dated back to 2005 (Figure 5B). Serum
samples collected from 21 patients (for 2 patients, acute phase
serum samples were not available for virologic analysis) were
subjected to virus isolation and RT-PCR for amplification of
the SFTSV genome. Serum samples collected from all 23 pa-
tients were tested for IgG and immunoglobulin M (IgM) anti-
bodies to SFTSV in the indirect IFA. Of the 23 patients, 8 men
and 2 women received a diagnosis of SFTS: 7 had positive
results of virus isolation and genome amplification tests; 1 had
positive results of virus genome amplification testing and IgM
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A Vero-SFTSV YG1 Vero-SFTSV HB29

Vero-mock

Patient’s serum (ID: SPL30)

SFTSV HB29-
infecting Vero cells

T Rabbit anti-SFTSV-rNP
D Negative conirol 10 times diluted 160 times diluted
serum serum

YG1

Virus

HB29

Figure 1. Reactivity of patient sera samples to severe fever with thrombocytopenia syndrome virus {SFTSV). A, Detection of SFTSV antigen in Vero cells
by indirect immunofluorescence assay (IFA) with rabbit anti-SFTSV recombinant nucleoprotein (rNP) serum. B, Virions in the culture supernatant detected
by electron microscopy {bar in the image indicates the length of 100 nm, ID: SPLO04). C, Positive indirect IFA results of the serum collected from a surviving
patient (ID: SPLO30) in the convalescent phase of SFTSV HB29. [, Neutralizing antibody activity was induced in the serum collected from a patient {ID:

SPLO32) in the convalescent phase of SFTSV YG1 and SFTSV HB28.

antibody to SFTSV but had negative results of virus isolation
analysis; and 2 were positive for IgG antibody to SFTSV. In the
present study, the 2 patients who tested positive for SFTSV on
the basis of detection of IgG to SFVSV were regarded as SFTS
positive because their symptoms were reminiscent of SFTS and
because reports of asymptomatic cases in China are quite rare

[23, 24]. For the purposes of the present study, the first patient
was included with the 10 retrospective cases, for a total of 11 di-
agnosed cases.

All of the 11 patients in whom SFTS was diagnosed were
aged >50 years (Figure 5A) and came from western Japan
(Figure 5D). Disease onset occurred in all patients between the
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Figure 2. Macroscopic and microscopic findings under hematoxylin-eosin staining. A, Gross appearance of the swollen right axillary lymph node
(3.5x%2.0 cm). Band €, Microscopic findings in the right axillary lymph node. The basic architecture of the lymph node has been replaced by massive necro-
sis. The necrotic regions contain histiocytes, immunoblasts, nuclear debris, and eosinophilic ghosts but no neutrophils. D and £, Marked erythrophagocyto-
sis in the bone marrow (D) and spleen (£). F, Acute subepithelial hemorrhage in the renal pelvis.

months of April and December (Figure 5C). Six of the 11 cases
were fatal. There was clear evidence of tick bite in 2 cases.

Clinical Manifestation of 11 SFTS Patients

The clinical manifestations observed in SFTS patients are sum-
marized in Table 1. All patients showed nonspecific febrile
symptoms with gastrointestinal tract symptoms in the early
phase of the disease. Deterioration in consciousness, character-
ized by dysarthria, disorientation, and alteration in conscious-
ness, was commonly observed. Generalized convulsions were
seen in the late stages of the disease in 5 of the 6 fatal cases. Re-
spiratory symptoms were rarely observed. Superficial lymph-
adenopathy was detected in 5 patients.

Hemorrhagic symptoms such as petechiae, purpura, melena,
bloody vomit, gingival bleeding as a form of discharge, and ex-
cessive bleeding at the site of skin biopsy were observed in 9 of
the 11 patients.

Blood urea nitrogen and creatinine levels were elevated in 8
of 11 patients. Hematuria and proteinuria were observed in
most patients.

In all 5 patients for whom bone marrow observation was per-
formed, hemophagocytosis, with or without bone marrow cell
dysplasia, was observed. The ferritin level was elevated in the
blood of 8 patients, including the 5 in whom bone marrow ex-
amination was performed. Abnormalities were observed in
tests in all of the patients for coagulopathy, prothrombin time,
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Figure 3. Microscopic and immunohistochemical tissue images. Hematoxylin-easin staining (4, C, and £) and subsequent immunohistochemical analy-
sis reveal the presence of severe fever with thrombocytopenia syndrome virus (SFTSV) NP (B, D, £, G, H, I, and J) in the right axillary (A and B), right cervi-
cal {C and D), and the mediastinal (£ and F) lymph nodes. A, C, and £, Infiltration by immunoblasts and prominent hemophagocytosis was generally
observed in the right axillary, right cervical, mediastinal, hilar, and abdominal lymph nodes; however, necrosis was only observed in the right axillary and
cervical lymph nodes. B, D, and F, Viral antigen—positive cells were detected in the right axillary and cervical lymph nodes. Positive signals for SFTSV NP
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Figure 4. Detection of severe fever with thrombocytopenia syndrome virus (SFTSV) BNA in the right cervical lymph node by the in situ hybridization AT-
tailing method. A, SFTSV genomic RNA was detected in the right cervical lymph node by the in situ hybridization AT-tailing method and a sense probe.
SFTSV genomic RNA was detected in the cytoplasm of the blastic cells. B, The in situ hybridization AT-tailing method with an anti-sense probe detected a
few cells in the right cervical lymph node that were positive for SFTSV messenger RNA (mRNA). SFTSV mRNA was also detected in the cytoplasm of
blastic cells. C, No signals were detected in the right axillary lymph node by the in situ hybridization AT-tailing method with an irrelevant probe (negative
control). D, A SFTSV sense probe detected no signals in lymph node sections showing necrotizing lymphadenitis without SFTSV infection.

activated partial thromboplastin time, fibrin/fibrinogen degra-
dation products, fibrinogen, and/or D-dimer.

Phylogenetic Analysis

The Japanese SFTSV strains were closely related to the SFTSV
Chinese isolates but formed an independent cluster for each
segment (Figure 6). No geographic or chronological relation-
ship was found between the Japanese and Chinese strains.

Neutralizing Antibody Response to SFTSV

Sera collected from the 5 surviving patients with SFTS in the
convalescent phase showed neutralizing activities to SFTSV
Japanese isolate YG1 (Figure 1D). The sera of these 5 patients
also showed similar degrees of neutralizing activities to SETSV
HB29.

DISCUSSION

The clinical manifestations of Japanese SFTS were very similar
to those of severe cases of Chinese SFTS [1, 2], but the case-
fatality rate (6 of 11 patients [55%]) was apparently higher than
that in China, where an average of 12% of cases were fatal. It is
worth noting that the characteristics of Japanese SFTS present-
ed in this study were based on a limited number of patients and
a strict case definition.

To our knowledge, this may be the first report describing the
pathologic findings of a patient with SFTS. The local lymph
nodes, which were the primary target organ in the first patient,
served as the site of virus replication and showed marked path-
ologic changes, including massive necrosis. No neutrophil infil-
tration was observed in the patient. The spleen, liver, adrenal

Figure 3 continued. antigen were detected in the cytoplasm of blastic cells (B; inset). Inset shows a higher magnification {40x). In contrast, no signals
were detected in the mediastinal lymph nodes, regardless of immunoblast infiltration and hemophagocytosis. G, H, I, and J, Immunchistochemical analysis
of SFTSV NP was performed in the bone marrow (G), adrenal glands (H), liver (1), and spleen (J). A few SFTSV antigen—positive cells were observed in
these tissues, with no notable cytopathic effects or necrosis (magnification, 20x; inset, 40x).
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Figure 5. Chronological {4}, age-based (B), geographic (C), and seasonal (D) distributions of patients with retrospectively diagnosed severe fever with
thrombocytopenia syndrome (SFTS) in Japan. Black and gray bars in panels A-C indicate patients with and those without SFTS, respectively. The red and
blue circles in panel D indicate the areas where patients with and those without SFTS were located.
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Table 1. Summary of Clinical Manifestation of Retrospectively
Diagnosed Japanese Severe Fever With Thrombocytopenia
Syndrome Cases

Variable
Symptom or Laboratory Parameter (n=11)
Clinical manifestation, positive/negative/unknown

Fever 11/0/0

General symptoms i
General fatigue 11/0/0
Myalgia 2/5/4
Arthralgia 1/6/4
Headache i 6/4/1

Gastrointestinal tract symptoms
Overall , ; g 11/0/0
Nausea 9/2/0
Vomiting i L 6/5/0
Abdominal pain 6/5/0

; Diafrhea : i 7/4/0
Anorexia 11/0/0

Respiratory symptoms i ,
Overall ; 3/8/0

- Throatpain - ‘ ~ .2/9/0
Cough 1/10/0

Neurologic symptoms Sl o :
Overall 10/1/0
Dysathria: o n g
Consciousness disturbance - 830
Seizure Sl epBi0

Hemorrhage
Overall =~ - = S 9/2/0 -
Hemoptysis 1/10/0
Pupura e - 3/8/0
Bloody diarrhea 4/7/0
Gingivalbleeding L - 5/6/0
Nasal hemorrhage ’ 0/11/0
Genitourinary tract hemorrhage i ‘0/11/0 '

Others
Lymphadenopathy : i : 5/6/0

Laboratory finding, no. (%)

Total blood cell count S : S
Leukopenia 11 (100)
Thfombobytopenia 11.(100)

Serum chemistry )

Total protein level < 6.0 mg/dL (hypoproteinemia) -~ 3 (27)
Albumin level < 3.0 mg/dL (hypoalbuminemia) 1(9)

Aspartate amihb{nansférase level >30.1U/L Sy (100)
Alanine aminotransferase level >30 [U/L 11 (100)

: Lactate dehydrogenase level 5250 1U/L 11 (100}
Creatine kinase level >200 |U/L 11 (100}
Blood urea nifrdgen level >20 mg/dL 7 (64)
Creatinine level >1 mg/dL 7 (64)

Inflammatory parameter :

C-reactive protein level >1 mg/dL 3(27)

Table T continued.

Variable
Symptom or Laboratory Parameter n=11)

Urinalysis i
Hematuria 9 (90)°
Proteinuria : 10 (1000

Coagulopathy, no. (%)
Abnormality in either DIC parameter® 11 (100)
Hemophagocytosis, no. (%)

Bone marrow examination : :
Hemophagocytosis 5(100)°
Positive increased ferritin level - ~8(1000

Tick bite within 2 weeks of onset, no. (%) 2(18)

@ Basic numberis 10.

b Disseminated intravascular coagulation (DIC) parameters include prothrom-
bin time, activated partial thromboplastin time, and levels of antithrombin 3,
fibrinogen, D-dimer, and fibrinogen degradation products.

° Basic number is 5.
9 Basic number is 8.

glands, and bone marrow contained a few SFTSV-infected
cells. However, no viral antigens were detected in hepatocytes
or in the parenchymal cells of the adrenal glands. Viruses be-
longing to the Bunyaviridae family, which includes the Rift
valley fever virus, Hantaan virus, and Heartland virus [10],
infect monocytes/macrophages [25, 26]. These cells may
control the spread (or containment) of viruses to cells within
other organs. The pathologic and virologic observations suggest
that SFTSV replicated in the blastic cells within the lymph
nodes and that replication took place predominantly in the
local lymph nodes, not in the major organs.

Macrophages with phagocytosis of bone marrow cells were
observed in all of the patients in whom bone marrow examina-
tion was performed. Furthermore, pathologic examination of
the lymph nodes, bone marrow, and the spleen of the initial
patient revealed marked hemophagocytosis, regardless of the pres-
ence of SFTSV-infected cells (Figure 2D and 2E and Figure 34,
3C, and 3E). Ferritin level was extremely elevated in the sera of all
patients who were tested. Abnormality in coagulopathy-associated
indices was also observed in all patients. SFTSV infections in-
duced a cytokine storm, the level of which was associated with
the severity of SFTS [27]. These results indicate that in addition
to multiorgan dysfunction, hemophagocytosis and disseminated
intravascular coagulation are major factors for poor prognosis.

The mode of the natural SFTSV lifecycle in Japan should be
clarified to enable better identification of risk factors for SFTSV
infection and to address strategies for reducing the risk of infec-
tions. Further study is necessary to clarify the circulation of
SFTSV in nature in Japan, in terms of tick species, percentages
of SFTSV positivity for each tick species, and the prevalence of
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Figure 6. Phylogenetic trees showing the phylogenetic positions of severe fever with thrombocytopenia syndrome virus (SFTSV) strains in Japan, com-
pared with other known strains. Trees are based on the S segment {4; left panel), M segment (B middle panel), and L segment (C; right panel). Heartland
virus, Uukuniemi virus, Toscana virus, and Rift Valley fever virus are included in the phylogenetic analyses.

SFTSV-positive ticks, to better determine and evaluate the risk
factors for SFTSV infection in Japan.

Japanese isolates formed a cluster that was independent from
Chinese isolates (Figure 6), indicating that SFTSV has been cir-
culating in Japan naturally for some time. The earliest year for
which we have evidence of SFTS in patient sera samples was
2005, and to our knowledge, the article by Liu et al, which con-
cerns SFTS occurrence in China during 2006, reports the oldest
cases from China [5]. It is also noteworthy that patients with
SFTS were reported in South Korea in 2013 (ProMed muail:
archive numbers 20130521.1729124 and 20130529.174441).
The prevalence of SFTS in and around East Asia should be
studied to clarify the nature of SFTS in the region.

In conclusion, SFTSV is prevalent in Japan. Japanese SFTSV
strains have characteristics similar to those of Chinese isolates

but an independent genotype, which indicates that SFTSV has
been present in Japan for some time.
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Supplementary materials are available at The Journal of Infectious Diseases
online (http:/jid.oxfordjournals.org/). Supplementary materials consist of
data provided by the author that are published to benefit the reader. The
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