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Background/Aims: Severe fever with thrombocytopenia syndrome (SFTS) is an
emerging infectious disease caused by severe fever with thrombocytopenia syn-
drome virus (SFTSV), a novel bunyavirus. As yet, there is no effective antiviral
therapy for SFT'S. Ribavirin is a broad-spectrum antiviral agent, which has been
tried for treatment of SEFTS. In this study, antiviral activity of ribavirin against
SEFTSV has been investigated.

Methods: Vero cell-grown SFTSV strain Gangwon/Korea/2012 was treated with
ribavirin at various concentrations. Antiviral activity of ribavirin was evaluated by
inhibition of the SFTSV cytopathic effect in Vero cells and quantification of viral
RNA load in culture supernatant using one-step real-time reverse transcription
polymerase chain reaction. Cytotoxicity of ribavirin was determined by a tetra-
zolium-based colorimetric method.

Results: Ribavirin reduced SFTSV titers in a dose-dependent manner, with a
half-maximal inhibitory concentration ranged from 3.69 to 8.72 pg/mL. Cyto-
pathic effects were reduced as ribavirin concentration increased. No significant
cytotoxicity was detected at ribavirin concentrations of < 31.3 pg/mL.

Conclusions: Ribavirin exhibited inhibitory activity against SFTSV replication in
vitro, which suggests that ribavirin can be used as a potential antiviral agent for
SFTS.
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INTRODUCTION

with thrombocytopenia syndrome virus (SFT'SV), which
belongs to the family Bunyaviridae [1]. The major clini-

Severe fever with thrombocytopenia syndrome (SFT'S)
is an emerging tick-borne viral disease. It was first ob-
served in central China in 2009 and was subsequently
reported from Japan and Korea [1-3]. The etiological
agent of SFT'S is a novel phlebovirus called severe fever
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cal features of SFT'S include fever, vomiting, diarrhea,
thrombocytopenia, leukopenia, and multi-organ dys-
function [1-3]. The case fatality rate of SFT'S is between
6% and 30%; however, there are neither antiviral agents
nor vaccines currently proven to be effective against
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SETSV [1-4].

Ribavirin (1-B-D-ribofuranosyl-1,2,4-triazole-3-carboxy-
admide) is a synthetic nucleoside analogue with antivi-
ral activity against a variety of DNA and RNA viruses [5].
Because ribavirin exhibits antiviral effects against other
bunyavirus infections, including Crimean-Congo hemor-
rhagic fever (CCHF), Rift Valley fever, and hemorrhagic
fever with renal syndrome [5,6], it has been anecdotally
used in the treatment of SFT'S [4,7]. However, its efficacy
against SFT'SV has yet to be evaluated directly, as previous
study by Liu et al. [4] was a clinical observational study.
Therefore, we aimed to assess the antiviral activity of
ribavirin in an in vitro model of SFT'SV replication in
this study.

METHODS

Cell lines, viruses, and compounds

The Vero cells (KCLB no.10081) purchased from the Ko-
rean Cell Line Bank (KCLB, Seoul, Korea) were main-
tained and propagated in RPMI 1640 medium (Welgene,
Daegu, Korea) supplemented with 2% heat-inactivated
fetal bovine serum (Welgene) and 1% penicillin-strep-
tomycin (Gibco, Carlsbad, CA, USA). The cells were in-
cubated at 37°C in a humidified, 5% CO, chamber. Viral
stocks derived from SFTSV strain Gangwon/Korea/2012
[3] were used and the 50% tissue culture infective dose
(TCID,,) was calculated as described by Reed and
Muench [8]. Ribavirin (Sigma-Aldrich, St. Louis, MO,
USA) in the form of a powder was dissolved in phos-
phate-buffered saline (PBS) to obtain a stock solution of
10 mg/mL. Working concentrations of the drug was pre-
pared immediately before use from the stock solution
diluted in RPMI medium.

Cell viability assay

TheMTS (3-[4,5-dimethylthiazol-2-yl]-5-[3-carboxymethoxy-
phenyl]-2-[4-sulfophenyl]-2H-tetrazolium) assay (Promega,
Madison, WI, USA) was performed to determine cellular
toxicity of ribavirin. Briefly, Vero cells (1 x 105 cells/mL)
seeded in 96-well tissue culture plates were incubated over-
night. Increasing concentrations of ribavirin (o to 1,000 pg/
mlL, in serial 2-fold dilutions) in 100 pL of RPMI were add-
ed to each well in quadruplicate. At 24, 48, and 72 hours of
incubation, the MT'S reagent was added to each well and
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tissue culture plates were incubated for another 4 hours.
Thereafter, their optical densities were measured at 490
nm using a Versamax microplate reader (Molecular De-
vices, Sunnyvale, CA, USA). The ribavirin concentrations
were considered cytotoxic if their optical densities were
significantly reduced compared to those of mock-treat-
ed controls with p < 0.05 by one-way analysis of variance
(ANOVA).

Antiviral assay

Confluent monolayers of Vero cells (1 x 105 cells/mL) in
96-well tissue culture plates were infected with 100x the
TCID,, of SFTSV. After 1 hour of viral adsorption, the
inoculum was removed and the cells were washed three
times with PBS to remove unbound virus. The cells were
then treated in quadruplicate with ribavirin concentra-
tions ranging from o to 32 pg/mL prepared in 100 pL of
culture medium. At 12, 24, and 48 hours posttreatment
(hpt), the cytopathic effects (CPE) were observed under
light microscopy and culture supernatants from the
replicates were pooled together to quantify SFTSV RNA
load.

SFTSV viral titers in culture supernatants were mea-
sured by a one-step real-time reverse transcription poly-
merase chain reaction (RT-PCR) with amplification of
the partial large (L) segment of SFT'SV. RNA was extracted
from the supernatants of each ribavirin-treated sample
using the QIAamp viral RNA kit (Qiagen, Hilden, Ger-
many), as described by the manufacturer. We used the
GoTagq Probe one-step RT-qPCR system (Promega) and
the PCR primers and probes of L segment were modified
from those used in a previous study [9]: forward prim-
er 5'-AGTCTAGGTCATCTGATCCGTTYAG-3'; reverse
primer 5'-TGTAAG TTCGYCCTTTGTCCAT-3'; probe
5'-CAATGACAGAYGCCTTCCATGGYAATAGGG-3'. Re-
al-time PCR cycling was performed on an ABI 7500 (Ap-
plied Biosystems, Foster City, CA, USA) as follows: re-
verse transcription at 45°C for 15 minutes, 1 cycle at 95°C
for 10 minutes, and 40 cycles at 95°C for 15 seconds and
60°C for 60 seconds. The cut-off threshold cycle (Ct) val-
ue for a positive sample was set at 35 cycles. Serial 10-fold
dilutions from 10 to 16 TCID, /mL of SFTSV tran-
script RNAs were used to generate a standard curve of
RT-PCR. The Ct values of viral RNA titers in the samples
were obtained and viral loads were calculated by trans-
forming the Ct values in terms of the standard curve us-
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Figure 1. Effect of ribavirin (RBV) on cell viability of Vero cells. MTS (3-[4,5-dimethylthiazol-2-yl]-5-[3-carboxymethoxy-
phenyl]-2-[4-sulfophenyl]-2H-tetrazolium) assay was done at 24, 48, and 72 hours posttreatment (hpt) for uninfected Vero cells,
as described in METHODS. (A) 24 hpt, (B) 48 hpt, and (C) 72 hpt. The data represent the mean + standard error of mean of four
replicate wells and are expressed as the percentage of untreated controls. One-way analysis of variance with Dunnet’s multiple
comparison test (GraphPad Prism 5, GraphPad Software) was used for the data analysis. *p < 0.05, °p < 0.001 as compared to

RBV-untreated Vero cells.

ing the ABI 7500 software version 2.0.5 (Applied Biosys-
tems). The viral titers are expressed as log, TCID_ /mL
+ standard error of mean.

All experiments with live SFT'SV were performed in a
biosafety level 3 laboratory at Seoul National University
Biomedical Research Institute.

Data analysis

Data obtained from antiviral assay were analyzed by
fitting a curve using non-linear regression with the
goodness of fit tested by 2. The halfmaximal inhibito-
1y concentration (ICSO) of ribavirin was calculated from
a sigmoidal dose-response curve. Statistical differences
between the viral titers of each sample at different time
point were examined using a one-way ANOVA followed
by Dunnet’s multiple comparison tests. p values of < 0.05
were considered to be statistically significant. All anal-
yses were performed using GraphPad Prism version 5
(GraphPad Software, San Diego, CA, USA).

RESULTS

Effects of ribavirin on cell viability
No significant decrease in cell viability in ribavirin-treat-
ed Vero cells was detected for ribavirin at concentrations
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< 313 pg/mL at 24, 48, and 72 hpt (Fig. 1). By contrast,
cell viability was decreased at ribavirin concentrations =
62.5 pg/mL at 12 and 24 hpt (p < 0.05 and p < 0.001), and
at concentrations = 125 pg/mL at 72 hpt of ribavirin (p
< 0.001). Based on these results, we performed the an-
tiviral assays at non-cytotoxic ribavirin concentrations
ranging from o to 32 pg/mL.

Antiviral activity

Vero cells were monitored for CPEs at 12, 24, and 48 hpt
of ribavirin. While there were no obvious CPEs at 12 hpt,
a dose-dependent reduction in CPEs in ribavirin-treat-
ed cells was observed at 24 hpt. A clear inhibition of
CPEs was identified at ribavirin concentrations = 16 pg/
mL at 48 hpt (Fig. 2).

Ribavirin also showed a dose-dependent inhibitory
effect on viral RNA replication (Fig. 3). Viral titers were
significantly reduced at 12 hpt (p < 0.001) in cells treated
with = 8 pg ribavirin/mL. At 24 hpt, there was a dose-de-
pendent reduction in viral RNA titers (* > 0.9) in cells
treated with ribavirin concentrations from 1 to 32 pg/mL
(b < 0.01). The inhibitory effect of ribavirin concentra-
tions = 16 pg/mL persisted for 48 hours. The IC | range
of ribavirin in our in vitro model of SFT'SV infection was
3.69 to 8.72 pg/mL, as determined from the viral titers of
culture supernatants collected at 24 and 48 hpt (Fig. 4).
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Figure 2. Inhibition of cytopathic effect (CPE) of severe fever
with thrombocytopenia syndrome virus (SFTSV) infected
Vero cells by ribavirin. The CPE of infected cells was ob-
served microscopically 48 hours posttreatment (hpt). Treat-
ment of ribavirin at concentrations = 16 pg/mL significantly
reduced CPE formations. (A) Uninfected Vero cell controls,
(B) SFTSV-infected Vero cells without ribavirin treatment,
(C) SFTSV-infected Vero cells treated with 4 pg/mL of ribavi-
rin, (D) SEFTSV-infected Vero cells treated with 16 pg/mL of
ribavirin. All images were captured at 100x magnification.
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Figure 3. In vitro inhibitory effect of ribavirin (RBV) against
severe fever with thrombocytopenia syndrome virus (SFTSV)
replication in Vero cells. After their infection with 100x
50% tissue culture infective dose (TCID,,) of SFTSV for 1
hour, Vero cells were treated with increasing concentrations
of RBV. Culture supernatants were harvested at the indi-
cated times and their viral RNA titers were assayed using
real-time reverse transcription polymerase chain reaction.
A one-way analysis of variance with Dunnet’s multiple com-
parison test (GraphPad Prism 5, GraphPad Software) was
used for the data anal{ﬂs The data are mean + standard er-
ror of mean. *p < 0.01, ’p <0.001 as compared to mock-treated
cells (indicated as o pg RBV/mL).
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Figure 4. Non-linear regression analysis of the concentra-
tion-dependent curves showing the antiviral activity of
ribavirin (RBV) against severe fever with thrombocytopenia
syndrome virus replication. The half~maximal inhibito-
ry concentration was calculated using GraphPad Prism 5
(GraphPad Software) and fitted using a sigmoidal dose-re-
sponse algorithm. Data are expressed as mean + standard
error of mean. TCID,,, 50% tissue culture infective dose.

DISCUSSION

In this study, we demonstrate that ribavirin inhibits the
viral replication of SFT'SV in Vero cells in a dose-de-
pendent manner. The IC, of ribavirin against SFTSV
ranged from 3.69 to 8.72 pg/mL, which is similar to that
for Andes virus (5 to 12.5 pg/mL) and Lassa virus (9 to 20
pg/mL), but substantially lower than that for Rift Valley
fever virus (40 to 8o pg/mL) [5,6]. Our results suggest that
ribavirin may be used as an antiviral agent for patients
with SFT'SV infection.

Our study clearly showed that treatment with ribavirin
concentrations of = 8 pg/mL significantly reduced viral
RNA titers in vitro. A recent study by Shimojima at al. [10]
also reported that SFT'S viral production in Vero, Huhy,
and U20S cells was reduced by 99% at ribavirin concen-
trations of 64, 20, and 19 pg/mL, respectively. The actual
concentrations of ribavirin showing antiviral effects in
other cell lines might be lower than that of Vero cells,
which are known to be more resistant to ribavirin [11].

The present study differed from the study by Shi-
mojima et al. [10] in that: (1) we demonstrated antiviral
effect of ribavirin in cells treated after viral infection,
whereas Shimojima et al. [10] reported inhibitory effect
of ribavirin in cells treated before viral infection, not in
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pre-infected cells; (2) we used a Korean SFT'SV strain,
while they used a Chinese SFT'SV strain. Considering
the discrepant antiviral activity of ribavirin according to
the time point of treatment reported by Shimojima et al.
[10], we suspect that there might be a direct action of rib-
avirin on unbound SFT'SV itself, not an inhibition of vi-
ral proliferation in cells. However, our results represent
that ribavirin inhibited actual viral proliferation in cells
as ribavirin was administered after the PBS washing of
virus-infected cells. Although we cannot directly com-
pare the infection status of cells before ribavirin treat-
ment in our study with those of Shimojima et al. [10] as
different strains of SFT'SV were used, a plausible expla-
nation for the different results is that ribavirin may have
restricted antiviral activity to the early infected cells, not
to fully-infected cells. Similar results have been report-
ed in previous studies with other viruses, which support
our assumption on variable efficacy of ribavirin affected
by treatment time [12-16]. Ribavirin added on cells at day
-1 or o postinfection with CCHF virus were shown to be
active, whereas antiviral activity were decreased with ad-
dition of ribavirin at day 1 postinfection, and completely
lost when ribavirin were added at day 2 and 3 postinfec-
tion [12]. Clinically, CCHF patients with early ribavirin
use had a lower case fatality rate than those with late rib-
avirin use, and were less likely to progress to severe dis-
eases [13,14]. Similarly, antiviral effect of ribavirin in ve-
sicular stomatitis virus-infected cells was reduced as the
time of'addition was delayed [15]. In respiratory syncytial
virus-infected cells, ribavirin inhibited plaque formation
at lower concentration when added early postinfection,
while higher concentrations were required when added
later [16]. Based upon these findings, we speculate that
the efficacy of ribavirin treatment in SFT'S in vivo may be
distinct according to the time point of treatment. Thus,
we agree with Shimojima et al. [10] that ribavirin may be
used as a prophylactic agent against SFT'S, but possibly
have limited role for critically-ill SFT'S patients. Howev-
er, further in vivo studies are needed to assess this issue.

In contrast to our in vitro results, a study by Liu et al.
[4] reported that ribavirin treatment was not effective in
reducing the case-fatality ratio for SFT'S patients. How-
ever, SFT'SV titers were lower in patients who received
ribavirin than in those who did not. We suppose that the
lack of clinical benefit despite the ribavirin-associated
reduction in SFTSV titer may have been due to (1) the
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therapeutic window: the delay in starting ribavirin treat-
ment after the onset of illness might have led to lack
of treatment response as extrapolated based on in vitro
results showing ineffective antiviral activity on fully-in-
fected cells [10]; (2) the suboptimal dose of ribavirin (500
mg daily), which was considerably lower than the dose
administered to patients with other viral hemorrhagic
fevers (2,000 to 4,000 mg daily) [5,6]; or (3) the complex
pathogenesis of SFT'S, including cytokine storms [17].

It remains to be determined whether the plasma con-
centrations of ribavirin enough to suppress SETSV rep-
lication can be achieved within the range of permissive
dosage. We speculate that it would be possible to reach
the inhibitory concentrations for SFT'SV replication, if
ribavirin is intravenously administered at recommended
dosage for other viral hemorrhagic fevers. Single intrave-
nous doses of ribavirin in the range of 6oo to 2,400 mg
were shown to result in peak serum concentrations of 47
to 161 pM (115 to 39.3 pg/mL) within 30 minutes, whereas
the same doses of oral ribavirin resulted in much lower
peak serum concentrations of 5 to 12 pM (1.2 to 2.9 pg/
mL) within 9o minutes [18]. Similarly, in patients with
Lassa fever, the mean peak serum levels of ribavirin
ranged from 32.1 to 94 pM (7.8 to 23.0 pg/mL) after 4 days
of a daily intravenous administration of 4,000 mg and 68
pM (16.6 pg/mL) after 6 days of continued intravenous
therapy of 1,500 mg daily [19]. However, the mean serum
levels were only 1.2 to 9.6 pM (0.3 to 2.3 pg/mL) in Lassa
fever patients who had taken 1,000 mg of oral ribavirin
daily for 10 days [19]. We presume that oral ribavirin
treatment is not applicable to the treatment of SFT'S, as
it takes 2 to 4 weeks to get the steady state and the lower
serum concentrations compared with intravenous riba-
virin treatment [6,18].

There are a few limitations in our study. First, we used
a single cell line in our experiments that we could not
compare the range of inhibitory concentrations of rib-
avirin on viral replication among various cell lines. Al-
though monocytes are known to be the primary target
of viral hemorrhagic fever viruses, the preferred target
cells of SFT'SV have yet to be determined. A previous
study demonstrated pathologic changes in the spleen,
liver, and kidney of SFTSV-infected C57/BL6 mice and
suggested that splenic macrophages were preferentially
targeted by the virus [20]. However, a recent study found
viral antigen in multiple organs, with the most heavi-

www.kjim.org 735


www.kjim.org

KJIM™

ly infected tissues being mesenteric lymph nodes and
spleen. It also demonstrated that SFTSV did not infect
dendritic cells or monocyte/macrophages, but instead
primarily infected reticular cells in the spleen [21]. Sec-
ond, we determined the antiviral efficacy of ribavirin
by measuring virus titers in culture supernatant rath-
er than the amount of cell-associated or intracellular
SFTSV.

Despite these limitations, our study clearly showed
that ribavirin exhibits inhibitory activity against SFT'SV
replication in vitro. As we have mentioned above, there
are issues to be solved before clinical use of ribavirin
in SFTS, including the time limit of effective treatment
after viral infection and the optimal dosage and route
of administration. Since we used in vitro model, antivi-
ral activity and toxicity of ribavirin use in patients with
SFTS could not be assured yet. Therefore, further stud-
ies using ex vivo and in vivo animal models are warranted
to evaluate the potential use of ribavirin for the treat-
ment of SFT'S.

KEY MESSAGE

1. Ribavirin showed a dose-dependent inhibitory
effect on severe fever with thrombocytopenia
syndrome virus (SFTSV) replication in Vero
cells with a half~maximal inhibitory concentra-
tion of’3.69 to 8.72 pg/mL.

2. The cytopathic effects in SFTSV-infected cells
were reduced by ribavirin treatment.
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