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Background/Aims: Severe fever with thrombocytopenia syndrome (SFTS) is a 
viral hemorrhagic fever with a high fatality rate. However, effective treatments 
for SFTS cases not responded to supportive therapy have not been established. 
Herein, we introduced the therapeutic plasma exchange (TPE) in SFTS patients 
in a tertiary hospital between 2013 and 2015.
Methods: TPE was performed in patients with rapidly progressing SFTS. Clini-
cal, laboratory, and virological parameters were compared before and after TPE.
Results: Among 27 confirmed SFTS patients, two patients were treated with TPE 
and ribavirin combination in May 2013, then, 14 patients with rapidly progress-
ing SFTS patients were treated with only TPE from June 2013 to September 2015: 
their median age was 58 years (interquartile range, 50 to 70) and eight (57.1%) were 
male. Body temperature, pressure-adjusted heart rate, white blood cell and plate-
let counts, coagulation profile, serum creatinine, and multiple organ dysfunction 
score improved immediately after TPE. In addition, the mean cyclic threshold 
value of real-time reverse transcriptase polymerase chain reaction for SFTS virus 
after TPE (mean ± standard deviation, 31.3 ± 2.9) was significantly higher than 
that before TPE (26.5 ± 2.9; p < 0.001), indicating that serum viral loads decreased 
after TPE. Finally, 13 of 14 TPE-treated patients (92.8%) recovered from rapidly 
progressing SFTS without sequelae.
Conclusions: SFTS patients treated with TPE showed improvements in clinical, 
laboratory, and virological parameters. These results suggest that TPE would be a 
therapeutic modality as rescue therapy in patients with rapidly progressing SFTS.
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INTRODUCTION

Severe fever with thrombocytopenia syndrome (SFTS) 
is an emerging hemorrhagic fever caused by a novel 
Phlebovirus in the Bunyaviridae family, named SFTS vi-
rus (SFTSV) [1]. Since 2009, more than 2,500 SFTS cases 
have been reported in China [2]. This febrile illness has 

also been reported outside China, such as Korea and 
Japan. SFTSV is usually transmitted to human through 
tick bites. However, human-to-human transmission has 
also been reported [3-5]. SFTSV was detected in human 
blood, tracheal and gastric aspirate, and urine. It can be 
transmitted by aerosol as a possible transmission route 
[6,7]. The wide distribution of SFTSV and the possibil-
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ity of human-to-human transmission make it a notable 
threat to public health worldwide.

The clinical spectrum of SFTS ranges from asymp-
tomatic or self-limiting infection to life-threatening ill-
ness. The average case fatality rate of SFTS in China is 
12% [8], but up to 30% in some areas [9]. The overall case 
fatality rate of SFTS is about 23.6% in South Korea [10]. 
Despite these high case fatality rates, no effective treat-
ment for SFTS has been established.

In our previous report [11], therapeutic plasma ex-
change (TPE), combined with ribavirin, was successfully 
used to treat SFTS patients who had progressed rapidly 
to multiple organ dysfunction. In another study [12], rib-
avirin had no beneficial effect on the clinical outcome 
of SFTS patients. Then, we have applied TPE to SFTS 
patients presenting with rapid progression in Jeju Na-
tional University Hospital since May 2013. Herein, we 
report on the use of TPE in SFTS patients in a tertiary 
hospital between 2013 and 2015.

METHODS

Study subjects and definitions
From May 2013 to July 2015, all consecutive patients over 
18 years old who presented with fever (body tempera-
ture ≥ 38.0°C) or history of fever and thrombocytopenia 
(< 150,000 platelets/μL) were screened by taking a his-
tory focusing on fieldwork, outdoor activities, and tick 
bites. SFTS cases were defined as laboratory-confirmed 
SFTSV infection using a real-time reverse transcriptase 
polymerase chain reaction (RT-PCR) assay performed 
according to a standardized protocol in the Jeju Insti-
tute of Health and Environment.

Among all confirmed SFTS cases, TPE was applied to 
rapidly progressing patients, defined as severe throm-
bocytopenia (< 50,000 platelets/μL), severe neutropenia 
(absolute neutrophil count < 500 cells/μL), or clinical 
deterioration including altered mentality, disseminated 
intravascular coagulopathy, or septic shock despite con-
ventional therapy. TPE was performed using the COBE 
Spectra Apheresis System (Terumo BCT, Lakewood, 
CO, USA), with acid citrate dextrose as an anticoagulant, 
and fresh frozen plasma as a plasma substitute. In each 
session, the volume of plasma substitute was calculated 
based on the height, weight, and hematocrit of the pa-

tient. The study protocol was approved by the Institu-
tional Review Board of Jeju National University Hospi-
tal (JNUH 1310010) and informed consent was obtained 
from all participants.

Data collection
We collected information about epidemiologic data, 
clinical features, laboratory results, and treatment out-
comes. The multiple organ dysfunction (MOD) score, 
which was originally proposed by Marshall et al. [13] 
was serially calculated for the assessment of organ dys-
function based on six criterias. In addition, to evaluate 
the efficacy of TPE, clinical, laboratory, and virological 
parameters, including the cyclic threshold (Ct) value of 
real-time RT-PCR for SFTSV as a surrogate measure of 
serum viral load, within 48 hours before TPE, were com-
pared with those within 48 hours after TPE. Real-time 
RT-PCR of partial S segments was performed respec-
tively for molecular diagnosis of SFTSV [14,15].

Statistical analysis
Results of categorical variables are presented as frequen-
cies or proportions, and those of continuous variables as 
means and standard deviation (SD) or medians and in-
terquartile range (IQR). To compare clinical, laboratory, 
and virological parameters within 48 hours before and 
after TPE, a paired t test was used for parametric data, 
and Wilcoxon signed-rank test for nonparametric data. 
In addition, Mann-Whitney U test was used for non-
parametric data between the TPE and non-TPE groups. 
SPSS version 20.0 (IBM Co., Armonk, NY, USA) was used 
for the statistical analyses. A two-tailed p < 0.05 was con-
sidered to indicate statistical significance.

RESULTS

From May 2013 to July 2015, real-time RT-PCR for SFTSV 
was performed on samples from 41 adult patients pre-
senting to our hospital with either fever or history of 
fever and thrombocytopenia. Of these, 27 patients were 
confirmed as having SFTSV infection: their median age 
was 60 years (IQR, 50 to 67) and 14 (53.8%) were male. Of 
the 27 patients, the first two patients died of multiple 
organ dysfunction and hemorrhage with fully support-
ive care in intensive care unit in May 2013. The next, two 
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patients recovered with TPE and ribavirin from rapidly 
progressing SFTS in May 2013. The others 23 patients 
were diagnosed with SFTS after the use of only TPE was 
implementated from June 2013 to September 2015. Four-
teen (51.6%) were treated with only TPE due to severe 
thrombocytopenia and severe neutropenia (n = 6), severe 
thrombocytopenia (n = 3), altered mentality (n = 2), severe 
neutropenia (n = 2), and severe thrombocytopenia and 
altered mentality (n = 1).

Clinical characteristics of TPE group
The characteristics of the 14 TPE-treated and nine non-
TPE patients are summarized in Table 1. The median 
age of the 14 TPE-treated patients was 58 years (IQR, 50 
to 70) and eight (57.1%) were male. All patients had a re-
cent history of fieldwork or outdoor activities, and about 
80% were previously healthy. The median interval from 
symptom onset to initial presentation was 4 days (IQR, 
3 to 10). At the time of initial presentation, more than 
70% of these patients had gastrointestinal symptoms—
including anorexia, nausea, vomiting, and diarrhea, and 
more than 20% showed altered mentality. Leukopenia 
was the most common laboratory finding, followed in 
order by increased levels of tissue damage indicator 
enzymes, such as lactate dehydrogenase, alanine ami-
notransferase, or creatine phosphokinase. Of the 14 pa-
tients, only two (14.3%) had MOD syndrome at the time 
of initial presentation. The interval from symptom on-
set to initiation of TPE was median 6 days (IQR, 4.8 to 
8.3). All patients were admitted to the intensive care unit 
for implementation of TPE. One patient (7.1%) was me-
chanically ventilated.

Comparison of clinical characteristics and virological 
parameters before and after TPE
The median volume of plasma removed during TPE was 
7,154 mL (IQR, 5,261 to 8,015), and the median number of 
TPE sessions was three (Supplementary Table 1). After 
completion of TPE, all patients had defervescence with-
in 3 days and 13 (92.8%) showed complete recovery of 
platelet and white blood cell (WBC) counts within 7 days. 
Thirteen of the 14 TPE-treated patients (92.9%) recov-
ered completely without sequelae, the other (n = 1) died 
of bleeding or multiple organ failure. No adverse events 
associated with TPE were reported. Clinical, laborato-
ry, and virological parameters within 48 hours before 

TPE were compared with those within 48 hours after 
TPE (Table 2). The median MOD score decreased from 4 
(IQR, 3 to 4) to 2 (IQR, 1 to 2) just before initiation of TPE. 
However, 13 patients showed decreased MOD score after 
TPE. Of the six criteria comprising the MOD score, the 
mean pressure-adjusted heart rate (PAR) after TPE was 
significantly lower than that before TPE (9.6 ± 4.3 vs. 8.0 
± 3.2, p = 0.014) and mean serum creatinine after TPE (1.0 
± 0.2 mg/dL vs. 0.9 ± 0.2 mg/dL, p = 0.011). The median 
platelet count increased from 37,000 cells/μL before TPE 
to 76,000 cells/μL after TPE. Median WBC and neutro-
phil counts and coagulation profile improved after TPE. 
The mean Ct value of real-time RT-PCR for SFTSV after 
TPE was significantly higher than that before TPE (31.3 
± 2.9 vs. 26.5 ± 2.9, p < 0.001), indicating that serum viral 
loads decreased after TPE. One patient had an increase 
in MOD score, change of viral load was not checked. 
Confirmation interval and laboratory results before and 
after TPE in rapidly progressive SFTS are presented in 
the Supplementary Table 1.

Comparison of clinical characteristics between TPE 
and non-TPE groups
During the implementation period where TPE was 
used, there were nine patients not treated using TPE 
group. Their median age was 59 years (IQR, 49.5 to 68.6) 
and five (55.6%) were male in the non-TPE group. The 
median interval from symptom onset to initial presen-
tation showed a longer trend in the TPE group than the 
non-TPE group. Neutropenia was significantly worse in 
the TPE group. Thrombocytopenia and coagulopathy 
showed a progressive trend in the TPE group. Other lab-
oratory findings were not significant in the initial pre-
sentation between both groups. Median time to confirm 
SFTS was significantly shorter in the TPE group than in 
the non-TPE group (1 day vs. 2 days, p < 0.001).

DISCUSSION

The Korea Centers for Disease Control and Prevention 
reported that 144 SFTS patients were confirmed, and 44 
of these died in Korea (23.6%) from 2012 to 2015 [10]. The 
highest prevalence was on Jeju Island, which is located 
about 80 km southwest of the Korean mainland. There 
27 patients were diagnosed as SFTSV infection, with a 
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Table 1. Comparison of clinical characteristics of SFTS patients between TPE group and non-TPE group

Characteristic TPE (n = 14) Non-TPE (n = 9) p value

Epidemiology

Male sex 8 (57.1) 5 (55.6) 0.94

Age, yr 58.0 (50.0−69.5) 58.5 (49.5−68.6) 0.82

Recent history of fieldwork or outdoor activities 14 (100.0) 9 (100.0) 1.00

Recent history of tick bite 8 (57.1) 5 (55.6) 0.94

Presence of one or more comorbid conditions 5 (35.7) 4 (44.4) 0.68

Clinical features at the time of initial presentation

Interval from symptom onset to initial presentation, day 4 (3−10) 3 (2−4) 0.08

Fever 14 (100.0) 8 (88.9) 0.21

Headache 7 (50.0) 7 (77.7) 0.21

Myalgia 9 (64.3) 7 (77.7) 0.74

Anorexia, nausea, vomiting 11 (78.6) 6 (66.7) 0.65

Diarrhea 7 (50.0) 2 (22.2) 0.50

Altered mentality 3 (21.4) 0 0.15

Hypotension (systolic blood pressure < 90 mmHg) 2 (14.3) 0 0.83

Tachycardia (heart rate > 90 beats/min) 5 (35.7) 3 (33.3) 0.93

Tachypnea (respiratory rate > 20 breaths/min) 3 (21.4) 3 (33.3) 0.83

Lymphadenopathy 2 (14.3) 3 (33.3) 0.04

Laboratory findings at the time of initial presentation

Leukopenia (WBC counts < 4,000 cells/μL) 13 (92.9) 6 (75.0) 0.25

Neutropenia (neutrophil counts < 1,500 cells/μL) 9 (64.3) 1 (11.1) 0.01

Thrombocytopenia (platelet counts < 100,000 cells/μL) 10 (71.4) 3 (33.3) 0.08

Coagulopathy (PT INR > 1.3 or aPTT > 40 sec) 10 (71.4) 2 (28.6) 0.07

Azotemia (BUN > 20 mg/dL or creatinine > 1.5 mg/dL) 3 (21.4) 1 (11.1) 0.53

Increased level of aspartate aminotransferase (> 50 U/L) 12 (85.7) 6 (75.0) 0.54

Increased level of lactate dehydrogenase (> 350 U/L) 12 (85.7) 8 (100.0) 0.27

Increased level of creatine kinase (> 200 U/L) 10 (71.4) 4 (50.0) 0.33

MOD score at the time of initial presentation 2 (1−3) NAa

Use of vasopressors 1 (7.1) 0 0.42

Use of antibiotic agents 14 (100.0) 14 (100.0) 1.00

Admission to ICU 14 (100.0) 0 < 0.01

Length of ICU stay, day 5 (3−6) NA

Mechanical ventilation 1 (7.1) 0 0.42

Continuous renal replacement therapy 1 (7.1) 0 0.42

Length of hospital stay, day 9.5 (8−12) 7 (5−12) 0.61

In-hospital fatality 1 (7.1) 0 0.42

Values are presented as number (%) or median (interquartile range). 
SFTS, severe fever with thrombocytopenia syndrome; TPE, therapeutic plasma exchange; WBC, white blood cell; PT, pro-
thrombin time; INR, international normalized ratio; aPTT, activated partial thromboplastin time; BUN, blood urea nitrogen; 
U/L, units/liter; MOD, multiple organ dysfunction; NA, not applicable; ICU, intensive care unit.
aNon-TPE group was not calculated a MOD score, because they were not applied a central venous catheter and other param-
eters.
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case fatality rate of 14.8%, up to the 2015 implementa-
tion of TPE. Excluding Jeju Island cases, the case-fatality 
rate of SFTS patients on the Korean mainland was up to 
40.0%. After TPE implementation in our hospital, the 
case fatality rate was 1/23 (4.3%). The patient died with 
multiple organ failure within 7 days after TPE. Follow-
ing TPE implementation, the case fatality rate of SFTS 
patients on Jeju Island was lower than that on the Ko-
rean mainland as geographical controls (4.3% vs. 28%). 
However, we do not know whether application of plasma 
exchange actually influenced the improvement, or self 
remission due to fully supportive management through 
early diagnosis. So, our data has a little evidence exists 
to support its use. Other reported experimental thera-
pies in SFTS include convalescent plasma therapy [16], 
the inhibitory effects in vitro [17], and the combination 
of treatment intravenous immunoglobulin and cortico-
steroid [18]. However, the efficacy of these approaches-

remains controversial, and conservative treatment is 
effective for mild cases.

Currently, there is a need for an effective therapeu-
tic modality to treat cases that will otherwise be fatal. 
Even if the pathogenesis of SFTS is not fully understand, 
cytokine-mediated inflammatory response plays an im-
portant role in progressive SFTS [19]. TPE may remove 
toxic compounds, such as cytokines, and toxic media-
tors in patients with SFTS. This suggests that TPE may 
modulate the cytokine storm in fatal SFTS patients. 
TPE is an extracorporeal blood purification technique 
designed to remove high-molecular-weight substances 
from plasma [20]. It has been reported to be of benefit 
in patients infected with several viruses. In three chil-
dren having severe influenza complicated by respira-
tory failure and hemodynamic instability, clinical and 
laboratory improvements and a favorable outcome were 
achieved using TPE [21]. In addition, TPE was used in pa-

Table 2. Comparison of clinical, laboratory, and virological parameters in 14 SFTS patients within 48 hours before and after 
therapeutic plasma exchange

Parameter Within 48 hours before TPE Within 48 hours after TPE p value

Temperature, °C 37.7 ± 0.8 36.9 ± 0.7 < 0.001a

PAR 9.6 ± 4.3 8.0 ± 3.2 0.014a

PaO2/FiO2 457.1 (386.9−625.7) 433.3 (349.8−483.3) 0.116

Glasgow coma scale 15 (14−15) 15 (14−15) 0.786

WBC, cells/μL 1,000 (800−1,820) 3,650 (2,355−7,050) < 0.001

Neutrophil, cells/μL 375 (258−685) 1,060 (501−4,618) 0.001

Platelet, platelets/μL 37,000 (29,000−48,000) 76,000 (63,000−108,000) < 0.001

PT, INR 1.08 ± 0.15 1.01 ± 0.13 0.006a

aPTT, sec 46.5 (39.5−56.3) 32.5 (30.5−37.3) 0.049

Creatinine, mg/dL 1.0 ± 0.2 0.9 ± 0.2 0.011a

Total bilirubin, mg/dL 0.4 (0.3−0.6) 0.4 (0.4−0.6) 0.242

Aspartate aminotransferase, U/L 234 (134−271) 258 (81−315) 0.682

Lactate dehydrogenase, U/L 1,060 (1,026−1,354) 940 (718−1,382) 0.234

Creatine kinase, U/L 876 (339−1,207) 287 (128−985) 0.044

MOD score 4 (3−4) 2 (1−2) 0.007

Ct of RT-PCR for SFTSV 26.5 ± 2.9 31.3 ± 2.9 < 0.001a

Values are presented as mean ± SD or median (interquartile range).
SFTS, severe fever with thrombocytopenia syndrome; TPE, therapeutic plasma exchange; PAR, pressure-adjusted heart rate; 
PaO2, partial pressure of arterial oxygen; FiO2, fraction of inspired oxygen; WBC, white blood cell; PT, prothrombin time; 
INR, international normalized ratio; aPTT, activated partial thromboplastin time; U/L, units/liter; MOD, multiple organ 
dysfunction; Ct, cyclic threshold value; RT-PCR, reverse transcription polymerase chain reaction; SFTSV, severe fever with 
thrombocytopenia syndrome virus.
aPaired t test was used to compare two means of parametric data.
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tients with Crimean-Congo hemorrhagic fever (CCHF) 
caused by a Nairovirus of the same Bunyaviridae family as 
SFTSV [22,23]. After implementation of TPE, these pa-
tients showed significant improvements in clinical and 
laboratory parameters and recovered completely from 
CCHF. In this study, most SFTS patients also exhib-
ited rapid improvements in clinical and laboratory pa-
rameters after TPE, including body temperature, PAR, 
WBC, neutrophil and platelet counts, coagulation pro-
file, serum creatinine, and MOD score. Moreover, most 
of these improvements occurred within 48 hours after 
implementation of TPE. In particular, all TPE-treated 
patients showed defervescence within 3 days after ini-
tiation of TPE. Therapeutic modalities to reduce viral 
loads are potential treatments for patients with severe 
viral infection. Ribavirin showed antiviral activity in vitro 
[17], but it had no beneficial effect on viral loads, platelet 
counts, or clinical outcomes of SFTS patients [12]. In-
deed, adverse events associated with ribavirin have been 
reported. In this study, most SFTS patients showed a 
significant decrease in serum viral loads as well as rapid 
improvements in clinical and laboratory parameters af-
ter implementation of TPE. The main cause of death in 
SFTS patients has been reported to be bleeding or mul-
tiple organ failure [8]. We speculate that TPE may help 
alleviate the deterioration of patients with rapidly pro-
gressing SFTS. However, cautious interpretation of TPE 
implementation is necessary because these therapies 
may have nothing to do with patient recovery. Although 
we did not observe any adverse effects of TPE, TPE can 
deplete coagulation factors or immunoglobulins, pro-
duced hypocalcemia and metabolic alkalosis, and cause 
complications related to vascular catheterization [24,25].

This study had several limitations. First, the noncom-
parative design resulted in limitations in concluding that 
TPE can reduce case-fatality rates in patients with rapid-
ly progressing SFTS. Although clinical, laboratory and 
virological recovery were evident in the TPE group, we 
do not know whether the TPE actually had a role in the 
improved outcome. However, TPE can be used as a po-
tential rescue therapy for severe SFTS patients, given the 
observation of improved survival rates in patients with 
rapidly progressing SFTS and the continuing controver-
sy over other experimental therapies. Second, a previous 
study regarding the dynamic tracking of disease progress 
identified three distinct stages of SFTS—fever, MOD, 

and convalescence [3,26]. The MOD stage is characterized 
by a progressive exacerbation of MOD in fatal cases or a 
self-limiting process in survivors. Although TPE should 
be implemented in patients who are likely to die of SFTS, 
identifying those at high risk of death among all SFTS 
patients is difficult, even at the MOD stage. Because, a 
clinical course is mild in the non-TPE group, we did not 
calculate a MODS due to the invasive monitoring was 
unnecessary. Instead, patients with rapidly progressing 
SFTS, defined as having severe thrombocytopenia, severe 
neutropenia, or clinical deterioration despite conven-
tional therapy after initial presentation, were presently 
identified as those in whom TPE should be implement-
ed. However, we cannot rule out completely the possi-
bility of inclusion of mild or self-limiting cases. Finally, 
although this study was conducted in a prospective man-
ner, some variables regarding MOD score were retro-
spectively obtained by reviewing medical records and the 
Ct values of real-time RT-PCR for SFTSV were measured 
at the same time obtaining paired serum samples from 
each patient. Therefore, the decision to implement TPE 
could not be determined in accordance with the results 
of these parameters.

In conclusion, clinical, laboratory, and virologi-
cal parameters of patients with rapidly progressing 
SFTS improved after implementation of TPE. In addi-
tion, considering the relatively low case-fatality rate of 
TPE-treated patients based on epidemiological data, 
TPE may lead to a favorable outcome in patients with 
rapidly progressing SFTS by improving these parame-
ters. However, comparative studies of large sample size 
to confirm the effects of TPE on the clinical outcomes of 
SFTS patients are warranted.

KEY MESSAGE 

1. Severe fever with thrombocytopenia syndrome 
(SFTS) is a new emerging viral hemorrhagic fe-
ver disease.

2. There is no appropriate treatment for SFTS pa-
tients until now.

3. Therapeutic plasma exchange (TPE) showed 
improving results in rapid progressive SFTS pa-
tients.

4. TPE might be a therapeutic method in rapidly 
progressing SFTS patients.  
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