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ABSTRACT

The incidence of severe fever with thrombocytopenia syndrome (SFTS) has increased in
Korea since a first report in 2013. We investigated whether SFTS existed before 2013 using
real-time reverse transcription polymerase chain reaction and stored blood samples from
febrile patients with thrombocytopenia. Four cases of SFTS were identified, with the earliest
occurring in 2008.

Keywords: SFTS; Phlebovirus; Hemophagocytic Lymphohistiocytosis; Fever;
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Severe fever with thrombocytopenia syndrome (SFTS) is an emerging tick-born infectious
disease that is caused by a phlebovirus named severe fever with thrombocytopenia syndrome
virus (SFTSV).1 It was first discovered in China during 2009, and was subsequently detected
in Korea and Japan during 2013-2014.1-3 The main SFTSV vector is ticks (Haemaphysalis
longicornis) and the reservoir hosts are domestic animals in SFTS-endemic areas.# Recent data
indicate that the number of SFTS cases has been markedly increasing.5,6

The clinical features of SFTS are fever, gastrointestinal symptoms, leukopenia,
thrombocytopenia, and elevated hepatic enzymes. In severe SFTS cases, multi-organ
dysfunction develops and eventually leads to death, with case fatality rates of 6%—30%.1,5,6
Febrile patients with accompanying cytopenia often undergo a bone marrow examination
to determine the cause of their illness,” and it is possible that SFTS cases went undetected
before the emergence of SFTS, although these cases could have undergone bone marrow
examinations based on their fever and cytopenia. Interestingly, the first Korean case of
SFTS in 2013 was identified based on isolation of SFTSV from a stored blood sample that
was collected before the patient's death.3 Furthermore, retrospective studies have identified
previously undiagnosed SFTS cases in Japan (2005) and in China (2006).2:8 Therefore, the
present study aimed to determine whether unidentified SFTS cases existed in Korea before
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Funding 2013.This retrospective study evaluated patients who had been admitted to a university-
This work was supported by the Basic affiliated hospital that is located in southeastern Korea between 2008 and 2013. We selected

Science Research Program through the 2008 at the start year considering the availability of blood samples used for the study.
National Research Foundation of Korea,

which was funded by the Ministry of . . L . .
Education (NRF-2014RIATA4AO1009748). The inclusion criteria were: 1) fever, 2) thrombocytopenia, 3) available bone marrow
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examination findings, 4) no clear hematological or microbiological diagnosis, and 5)
available leftover blood samples. The blood samples had been preserved at 70°C and were
subjected to RNA extraction before real-time reverse transcription PCR was performed to
amplify large, medium, and small SFTSV segments. Samples were considered positive for

Author Contributions SFTSV if 2 or more segments were detected.
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Records from patients with confirmed SFTSV infection were reviewed to determine

Methodology: Kim KH, Ko MK, Yi J. Funding their signs and symptoms at presentation, clinical course, laboratory findings, and bone
acquisition: Yi J. Writing - original draft: Kim marrow examination results. Based on the 2004 criteria,? a diagnosis of hemophagocytic
KH, Lee MJ, Yi J. Writing - review & editing: lymphohistiocytosis (HLH) was established for patients who fulfilled 5 or more of the

Kim KH, Lee MJ, YiJ. following criteria: 1) fever, 2) splenomegaly, 3) cytopenia, 4) hypertriglyceridemia and/or

hypofibrinogenemia, 5) hemophagocytosis in the bone marrow, spleen, or lymph nodes,
6) low or absent NK-cell activity, 7) ferritin levels of > 500 pg/L, and 8) soluble CD25 levels of
> 2,400 U/mL.

The study was approved by the Institutional Review Board of Pusan National University
Hospital (No. E-2013002), and the requirement for obtaining informed consents was
waived due to the retrospective design.Among patients who were admitted with fever and
thrombocytopenia during the study period, 35 patients fulfilled the inclusion criteria and
their stored blood samples were tested for SFTSV infection. Four patients (11.4%) were
considered positive for SFTSV infection, with the earliest case having occurred in 2008. All
of these patients were male and lived in southeastern Korea, with a median age of 53 years
(range, 21-62 years). The onset of their illnesses occurred between July and September, with
3 patients reporting previous outdoor activity and 1 patient having no clear epidemiological
link for the SFTSV infection. Data regarding tick bites were not available.

All patients exhibited fever, gastrointestinal symptoms (nausea, vomiting, or diarrhea),
and splenomegaly (Table 1), although bleeding tendency was not detected. The

common laboratory findings were leukopenia, thrombocytopenia, and elevated levels

of aminotransferases, lactate dehydrogenase, ferritin, and soluble interleukin-2 receptor
alpha. Hemophagocytosis were observed in the bone marrow of all patients (Fig. 1), which
supported diagnosis of HLH according to the 2004 criteria.9 Two patients with mild
symptoms were only empirically treated using antibiotics and 2 patients had been treated
using HLH-specific chemo-immunotherapy, which included etoposide, dexamethasone,
and intravenous immunoglobulin. One patient died after receiving chemo-immunotherapy.
This study aimed to determine whether SFTS existed in Korea before the first reported case
of SFTS in 2013.3 Among 35 febrile patients with thrombocytopenia during a 6-year period,
we retrospectively determined that 4 patients had SFTS that occurred before 2013. Similar
retrospective confirmation of SFTS cases dating back to 2005-2006 has been performed in
China and Japan,?8 and our data indicate that SFTS has also been circulating in Korea since
at least 2008.

After the emergence of SFTS in Korea, the annual numbers of reported SFTS cases have
increased from 36 in 2013 to 165 in 2016, with an overall case fatality rate of 21.8% (73/335).10
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Table 1. Clinical features of 4 SFTS patients retrospectively confirmed using stored blood samples collected
during 2008-2013 in Korea

Characteristics Patient 1 Patient 2 Patient 3 Patient 4
Age, yr 62 49 57 21
Sex Male Male Male Male
Year of presentation 2008 2008 2012 2012
Outdoor activity + + + Unknown
Clinical findings

Fever® + + + +

Fatigue + + + -

Headache + - - +

Abdominal pain - - - -
Nausea or vomiting

Diarrhea
Bleeding tendency - - - -
Splenomegaly? + + + 4
Laboratory findings
Leukopenia® + B + +
Anemia® - - - _
Thrombocytopenia® + + + +
Elevated aminotransferases + + + +
Elevated LDH + + 4 +
Elevated ferritin? + + + +
Hypertriglyceridemia® + + - +
Hypofibrinogenemia® - = = +
Elevated IL-2 receptor alpha® + +
Hemophagocytosis in bone marrow? +
Treatment
Antibiotics only + + - -
HLH-specific agents® - - + i
Outcome Survived Survived Died Survived

SFTS = severe fever with thrombocytopenia syndrome, LDH = lactate dehydrogenase, IL = interleukin,
HLH = hemophagocytic lymphohistiocytosis.
2Diagnostic criteria for HLH; "Etoposide, dexamethasone, and intravenous immunoglobulin.

The increased incidence of SFTS could be explained by an increasing awareness among
physicians that has prompted improved surveillance and screening for suspected cases. For
example, SFTS has now been recognized as an important differential diagnosis for Korean

Fig. 1. A hemophagocytic histiocyte containing erythroid cells and granulocytes in the bone marrow aspiration
smear from patient No. 3 with SFTS (Wright-Giemsa stain, original magnification 1,000 x).
SFTS = severe fever with thrombocytopenia syndrome.
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patients with fever and thrombocytopenia, along with scrub typhus, human granulocytic
anaplasmosis, or hemorrhagic fever with renal syndrome.

Severe Fever with Thrombocytopenia Syndrome in Korea

All 4 of our retrospectively confirmed SFTS cases were also retrospectively diagnosed with
HLH, which is a rapidly progressive life-threatening condition characterized by uncontrolled
immune activation that can be triggered by severe infection, malignancy, or autoimmune
disorders.? Several cases of SFTS-associated HLH have already been reported, 21! and SFTS
should be considered a possible infectious cause of HLH in SFTS-endemic areas, in addition
to infection with the Epstein-Barr virus or cytomegalovirus.” Among 4 of our patients

with SFTS-associated HLH, 2 were treated with supportive care only. The other 2 received
specific chemo-immunotherapy for HLH; 1 of them died despite receiving treatment using
HLH-specific agents. Chemo-immunotherapy remains the main treatment for primary
HLH, although control of the underlying disease is also important for treating secondary
HLH.7 However, there are no clinically effective antiviral therapies or vaccines for SFTS,
although some reports have described in vitro activity for ribavirin and interferon.12,13
Several clinical trials have examined plasma exchange with or without ribavirin, intravenous
immunoglobulin, and corticosteroids,415 although there is no consensus regarding the
ideal treatment for SFTS. Considering the increasing incidence and high fatality rate of SFTS,
further studies are needed to develop effective therapies.

The present study has two important limitations. First, our center is located in southeastern
Korea, which has a lower incidence of SFTS than other regions of Korea.5 Thus, cases
earlier than those reported here might be identified if a nationwide retrospective survey was
performed. Second, we only included patients who were considered ill enough to warrant a
bone marrow examination, and it is possible that undetected mild SFTS cases have occurred
among patients with fever and cytopenia who did not undergo a bone marrow examination.

In conclusion, the present study revealed that SFTS has been circulating in Korea since at
least 2008, as we retrospectively identified 4 patients with SFTS-associated HLH. Therefore,
SFTS should be suspected as a possible cause of HLH in SFTS-endemic areas.
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