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Severe fever with thrombocytopenia syndrome virus (SFTSV) and Heartland virus (HRTV) cause viral hemor-
rhagic fever-like illnesses in humans due to an aberrant host inflammatory response, which contributes to
pathogenesis. Here, we established two separate minigenome (MG) systems based on the M-segment of SFTSV
and HRTV. Following characterization of both systems for SFTSV and HRTV, we used them as a platform to
screen potential compounds that inhibit viral RNA synthesis. We demonstrated that the NF-kB inhibitor,
SC75741, reduces viral RNA synthesis of SFTSV and HRTV using our MG platform and validated these results

using infectious SFTSV and HRTV. These results may lead to the use of MG systems as potential screening systems
for the identification of antiviral compounds and yield novel insights into host-factors that could play role in
bandavirus transcription and replication.

1. Introduction

Severe fever with thrombocytopenia syndrome (SFTS) virus (SFTSV)
and Heartland virus (HRTV) are emerging, tick-borne bandaviruses in
the family Phenuiviridae. Bandaviruses have enveloped spherical virions
containing tripartite single-stranded RNA with negative-sense and/or
ambisense polarity (L, M, and S segments) (Hornak et al., 2016; Men-
doza et al., 2019). The L and M segments encode the RNA-dependent
RNA polymerase (RdRp; L protein) and surface glycoproteins (Gn and
Gc), which are responsible for viral RNA replication/transcription and
viral cell attachment/entry, respectively (Hornak et al., 2016; Spiegel
et al., 2016). The S segment encodes two proteins: the nucleocapsid
protein (N) and NSs in an ambisense manner. N encapsidates the viral
genomic RNA (Jiao et al., 2013; Zhou et al., 2013), whereas NSs is
known as a virulence factor, which dysregulates host innate immune
responses, including the inhibition of interferon (IFN)-mediated anti-
viral and induction/suppression of the nuclear factor-kB (NF-kB)-me-
diated inflammatory response (Li et al., 2020; Qu et al., 2012; Sun et al.,
2015). NF-kB pathway is major signaling pathway that induces the host
inflammatory response leading to the expression of cytokines,
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chemokines, and other inflammatory mediators (Zhang et al., 2017).

SFTS in humans caused by SFTSV was first identified in 2009 in
China, with subsequent cases reported in South Korea, Japan and
Taiwan (Yu et al., 2011; Choi et al., 2016; Kim et al., 2018; Takahashi
et al., 2014; Kurihara et al., 2016; Kobayashi et al., 2020; Lin et al.,
2020). Case fatality rates range from 6 to 30% depending on the country
(Kobayashi et al., 2020; Robles et al., 2018). Human-to-human cases of
SFTS have been reported in China and zoonotic transmission from
companion animals to humans has been described (Bao et al., 2011; Z.
Gai et al., 2012a; Liu et al., 2012; Jiang et al., 2015; Jung et al., 2019;
Kida et al., 2019; Yoo et al., 2019). HRTV was identified in the United
States in 2009 with the two cases of SFTS-like febrile illness in Missouri
(McMullan et al., 2012) with at least 50 cases of HRTV-infection re-
ported, including three fatalities (“Statistics & Maps | Heartland virus |
CDC,” 2020).

The clinical symptoms and disease course of SFTS and HRTV disease
(HRTVD) in humans are characterized by high fever, thrombocytopenia,
leukopenia, multiple organ involvement, and in severe and fatal cases,
neurological abnormalities and hemorrhagic fever-like manifestations
(Yu et al., 2011; McMullan et al., 2012; Z. T. Gai et al., 2012b; Pastula
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et al., 2014; Kato et al., 2016; Brault et al., 2018; Saijo, 2018). The
sustained high serum viral load, uncontrolled systemic inflammatory,
and impairment of adaptive immune response are considered to be a
prognostic marker associated with fatal outcome (Z. T. Gai et al., 2012b;
Deng et al., 2013; Ding et al., 2014; Sun et al., 2016). While experi-
mental vaccines and therapeutic candidates have been reported by
several groups (Dong et al., 2019; Kwak et al., 2019; Tani et al., 20164,
2018; Westover et al., 2017), no vaccines or therapeutics against SFTSV
or HRTV have been approved and licensed for use in humans. T-705
(Favipiravir), a nucleoside analog, has demonstrated efficacy in vitro and
in type I IFN signaling-deficient rodents with SFTSV or HRTV infections
(Tani et al., 2016a, 2018; Westover et al., 2017).

Here, we developed, characterized, and optimized the SFTSV and
HRTV minigenome (MG) systems for use in the screening of anti-
inflammatory compounds, which also exhibit inhibitory activity on
viral RNA transcription and replication processes. Screening potential
antiviral compounds in vitro under biosafety-level 2 conditions is ad-
vantageous as it provides an avenue for rapid evaluation of therapeutic
candidates without the use of infectious virus in a biosafety level-3
facility.

2. Materials and methods
2.1. Chemical compounds

Doxycycline was purchased from Millipore Sigma (cat. No. D9891;
Burlington, MA). Tigecycline (cat. no. A10933), T-705 (cat. no.
A11590), and SC75741 (cat. no. A14278) were purchased from AdooQ
(Irvine, CA). Tetracycline (cat. no. S2574), minocycline (cat. no. S4226),
ribavirin (cat. no. $2504), doxorubicin (cat. no. S1208), mesalamine
(cat. no. S1681), and wortmannin (cat. no. S278) were purchased from
SelleckChem (Houston, TX). GYY4137 (cat. no. 13345), LY294002 (cat.
no. 170920), and BAY11-7082 (cat. no. 100102) were purchased from
Cayman Chemicals (Ann Arbor, MI). Compounds were resuspended in
DMSO upon receipt and stored at —80 °C.

2.2. Cells and viruses

HEK293 (ATCC, CRL-1573), and Vero E6 cells (ATCC, CRL-1586)
were maintained in Dulbecco’s Modified Eagle Medium (DMEM) sup-
plemented with sodium pyruvate and L-glutamine (Thermo-Fisher Sci-
entific, Waltham, MA) supplied with heat-inactivated fetal bovine serum
(FBS; Thermo-Fisher Scientific) and penicillin-streptomycin (Millipore
Sigma, Burlington, MA). Huh7 cells (a kind gift from Yoshiharu Mat-
suura, Osaka University) were maintained in DMEM as described above.
THP-1 cells (ATCC, TIB-202) were maintained in RPMI 1640 medium
containing L-glutamine (Thermo-Fisher Scientific) supplemented with
10% FBS (Thermo-Fisher Scientific), penicillin-streptomycin (Millipore
Sigma), non-essential amino acids, 10 mM HEPES, sodium pyruvate, and
B-mercaptoethanol to a final concentration of 0.05 mM.

The SFTSV and HRTV strains used in this study were kindly provided
by the Reference and Reagent Laboratory, Arboviral Diseases Branch,
Centers for Disease Control and Prevention (CDC); and the World
Reference Center for Emerging Viruses and Arboviruses (WRCEVA)
arthropod-borne virus reference collection at the University of Texas
Medical Branch (UTMB). SFTSV YL1 was isolated in 2011 from acute-
phase serum from a Chinese patient (UTMB Arbovirus collection; virus
pool number TVP 16907) and passaged twice in Huh7 cells prior to
titration on Vero E6 cells. HRTV isolate R99207b from a male Tennessee
patient in 2013 (CDC Arbovirus reference collection) was passaged 3
times in Huh7 cells.

2.3. Titration of viral stocks

Vero E6 cells were infected with 10-fold serial dilutions of viral
stocks. Following adsorption for 1 h at 37 °C, 1.2%
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carboxymethylcellulose (CMC; Millipore Sigma) was added to the viral
inoculum. Cells were incubated for 2 days for SFTSV and 3 days for
HRTV following addition of CMC prior to fixation in 10% neutral buff-
ered formalin, and left at 4 °C overnight. Cells were washed thoroughly
in PBS (phosphate buffered saline (1x)) followed by fixation using a 1:1
ratio of methanol and acetone, and washed twice with PBS prior to
blocking for 1 h at room temperature in PBS containing 5% goat serum
(Millipore Sigma), 1% bovine serum albumin (BSA, Millipore Sigma).
Primary antibodies for SFTSV and HRTV (UTMB YL1 and MO-4 anti-
body; a generous gift from Robert Tesh at UTMB) were added to the cells
at a concentration of 1:500 in PBS containing 1% BSA and incubated at
4 °C overnight. Visualization of viral foci was accomplished by using
goat anti-mouse AlexaFluor 488 (ThermoFisher Scientific).

2.4. SFTSV and HRTV growth kinetics

THP-1 cells were seeded into 6-well plates at a cell density of 3 x 10°
cells/well and treated with 75 nM Vitamin D3 (Millipore Sigma) for 48 h
prior to infection to differentiate the cells without skewing them towards
an M1 or M2 phenotype (Daigneault et al., 2010). HEK293 (4 x
10%/well) and Huh7 (3 x 10%/well) cells were seeded one day prior to
infection. Cells were infected at an MOI of 0.1 and washed three times
with serum-free media following adsorption in order to remove un-
bound virus. 3 ml of cell medium containing 2% FBS was added to the
cells, and 0.5 ml of supernatant samples were harvested for up to 5 days
post-infection (p.i.) and replaced with an equal volume of fresh medium
supplemented with 2% FBS. Samples were spun down in a micro-
centrifuge for 10 min at 3000 rpm and aliquoted in prior to storage at
—80 °C.

2.5. Invitro efficacy of NF-kB inhibitors on SFTSV and HRTV replication

Huh?7 cells were seeded in 24-well plate at a cell density of 0.8 x 10°
cells per well, and were infected at an MOI of 0.1 for 1 h. Following
removal of viral inoculum, cells were washed three times with serum-
free media, and replaced with media containing 2% FBS and indicated
compounds at concentrations ranging from 0.048 pM to 50 pM (1 well
per compound per concentration). Infected cells were treated with
indicated compounds for 3 days prior to harvest of cell supernatants for
virus titration. Supernatants were spun down at 3000 rpm for 10 min
and were stored at —80 °C and titrations were performed in triplicate for
each dilution in VeroE6 cells. Inhibitory concentration values at 50%
and 90%, ICso and ICqq respectively, were calculated using nonlinear
regression analysis using Prism 8 software (Graphpad). Data are repre-
sented as an average of three independent experiments.

2.6. Generation of SFTSV/HRTV minigenome plasmids and helper
plasmids

Minigenome (MG) plasmids were generated based on the M-segment
of the SFTSV WSQ strain (GenBank accession number HQ419235.1) and
HRTV TN strain (KJ740147.1) where the open reading frame (ORF) was
replaced with a NanoLuciferase (nLuc) gene. The 3’ and 5’ untranslated
regions (UTRs), which are important for initiation of transcription and
replication by the viral RNA-dependent RNA polymerase (Ren et al.,
2020) were left intact. The human RNA polymerase I (hPoll) MG
plasmid possesses hPoll promoter and terminator sequences as previ-
ously described (Neumann et al., 1994; Tsuda et al., 2017) and the
T7-polymerase (T7-pol) MG plasmid possesses T7 bacteriophage pro-
moter and terminator sequences. Both hPoll and T7-pol MG plasmid
systems also contain Hepatitis § ribozyme (HDV) sequences. Helper
plasmids containing the ORFs of the SFTSV/HRTV RNA-dependent RNA
polymerase (SFTSV L: HQ419226.1; HRTV L: KJ740148.1) or nucleo-
capsid (SFTSV S: HQ419239.1; HRTV S: KJ740146.1) protein were
generated by cloning the ORFs into a pCAGGs vector via restriction
digest and ligation. All plasmids were verified via Sanger Sequencing.
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Fig. 1. Bandavirus minigenome (MG) constructs and kinetics. Schematics of the M-segment based MG nLuc plasmids used in this study (T7 Promoter-driven and
Human Poll promoter-driven) are shown in (A) in addition to helper plasmids. (B) Comparison between HRTV and SFTSV T7pol promoter and hPoll promoter with
and without supplementation of L helper plasmid in Huh7 cells at 72 h post-transfection and kinetics of different MG plasmids for SFTSV and HRTV (C-F). Data are

representative of the average of three independent experiments.

<

2.7. Rescue, characterization and compound treatment of SFTSV and
HRTV MGs

Huh7 or HEK293 cells were seeded at a cell density of 1.6 x 10°
cells/well in 12-well plates. 18-24 h post-seeding, cells were transfected
using TransIT-LT1 with MG plasmid expressing nLuc, helper plasmids,
T7-pol-expressing plasmid, and a firefly luciferase (ffLuc)-expressing
plasmid as a transfection control. Cells were transfected with 1000 ng L,
500 ng N, 250 ng MG-nLuc, 100 ng T7-pol, and 10 ng ffLuc control per
well. Rescue of the hPoll promoter-dependent MG were similar as
described above for the T7-dependent MG without the supplementation
of T7-pol. Cells were harvested at indicated time points post-transfection
(p-t.) using PLB (Promega), and luciferase activity was assessed by
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subjecting 20 pl of the cell lysate to the Nano-Dual Luciferase assay
(Promega). MG activity was normalized to the polymerase (L) negative
control. For compound treatment, cells were scaled up to T75 flasks,
transfected with MGs and helper plasmids, and reseeded 23 h p.t.. 6 h
post-seeding, cells were treated with indicated compounds for 24 h
before equal amounts of the cell lysates were subject to NanoDual
Luciferase assay and CellTiter Glo assay.

2.8. Biosafety
All experiments using infectious SFTSV and HRTV were performed in

a biosafety level 3 (BSL3) facility at the Mayo Clinic in accordance with
approval and guidelines provided by the Mayo Clinic Institutional
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Fig. 2. Efficacy of NF-kB inhibitors in SFTSV and HRTV M-segment hPoll and T7pol MG systems. For SFTSV, Huh7 cells were transfected with either SFTSV M-
segment Human Poll promoter-driven (A) or SFTSV M-segment based T7 promoter-driven (B) MG systems and treated with SC75741 (top) or LY294002 (bottom) at
the indicated concentrations for 24 h. For HRTV, Huh7 cells were transfected with either HRTV M-segment Human Poll promoter-driven (C) or HRTV M-segment
based T7 promoter-driven (D) MG systems and treated with SC75741 (top) or LY294002 (bottom) at the indicated concentrations. MG activity was assessed via dual-
luciferase assay and cell viability was assessed via CellTiter-Glo assay. Half-maximal inhibitory concentrations (ICso) were calculated using non-linear regression
analysis using Prism 8 software (GraphPad). Data are representative of the average of three independent experiments.
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Fig. 3. Efficacy of SC75741, LY294002, and T-705 in SFTSV hPoll MG
system with reduced helper plasmids. Huh-7 cells transfected with the
SFTSV Poll MG plasmid and denoted helper plasmids (125 ng pCAGGs L, 125 ng
M-seg MG nLuc, 62.5 ng pCAGGs N, and 10 ng pCAGGs ffLuc) were treated with
2-fold dilution concentrations of SC75741 (A), LY294002 (B), T-705 (C) or 4-
fold dilutions of T-705 (D) at 24 h post-transfection. Cell lysates were har-
vested 24 h post-compound addition and equal amounts of the cell lysates
subjected to dual luciferase assay for MG activity and CellTiter-Glo assay for
cell viability. Data are representative of the average of three independent
experiments.

Biosafety Committee (IBC). Sample inactivation and removal from the
facility was performed in accordance to standard operating protocols
approved by the IBC.

2.9. Statistical methods

Experiments were performed as three biological replicates and
calculation of mean values and standard deviation values was performed
by using GraphPad Prism 8 version 8.4.2 (La Jolla, CA). Statistical an-
alyses were performed using GraphPad Prism (La Jolla, CA).
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(B), or THP-1 (C) cells were infected with SFTSV YL1 or HRTV R99207 b at an
MOI of 0.1 for 1 h and monitored for 5 days post-infection. Cell supernatants
containing virus were titrated on Vero E6 cells. Data are representative of the
average of three independent experiments for Huh7, HEK293, and THP-1 cells.

3. Results
3.1. Establishment of MG systems for HRTV and SFTSV

We developed two MG systems based on the T7-pol and hPoll-
mediated transcription for both SFTSV and HRTV (Fig. 1A). To assess
successful expression of our nLuc reporter gene from MG, we compared
the MG activity with or without L helper plasmid transfection at 72 h p.t.
in Huh7 (Fig. 1B) (Chen et al., 2017; Tani et al., 2016b). We observed a
three to four-log induction of MG activity for both HRTV and SFTSV MGs
relative to the negative control, which is similar to the T7-based MG
systems established by other groups (Rezelj et al., 2019). Next, we
monitored kinetics of MG activities in Huh7 cells and found a gradual
increase in MG activity out to 72 h p.t. (Fig. 1C-F, Supplementary
Fig. 1). To understand the correlation between the concentration of the
RNA transcription/replication complex and MG activity, we performed
titrations using the T7-pol MG systems (Supplementary Fig. 2) and
found that a reduction in helper plasmid expressing either the L or the N
proteins still resulted in similar MG activity in both HEK293 and Huh7
cells at 48 h p.t..
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Fig. 5. SC75741 reduces SFTSV viral titers in Huh7 cells. Huh7 cells were infected with SFTSV YL1 strain for 1 h and treated with SC75741 (A,B), LY294002 (C,
D), or T-705 (E, F) 1-h post-infection and incubated for three days prior to titration on VeroE6 cells. Data are shown as percent viral titer reduction (A, C, E) or log10
focus forming units/mL (B, D, F). Inhibitory concentration values at 50% and 90%, ICso and ICoo respectively, were calculated using nonlinear regression analysis
using Prism 8 software (Graphpad). Data are represented as an average of three independent experiments.

3.2. Screening of compounds which inhibit viral RNA synthesis

We assessed the capacity of the established MG systems to serve as a
screening platform for compounds that could inhibit viral RNA synthe-
sis. SFTSV and HRTV infection result in an aberrant inflammatory
response, thus we selected compounds that had previously been re-
ported to have anti-inflammatory capabilities, as well as antiviral effi-
cacy (Bazhanov et al., 2017; Cameron and Castro, 2001; Dunn et al.,
2009; Ehrhardt et al., 2013, 2013; 2013; Furuta et al., 2017; Rothan
etal., 2014; Sun et al., 2015; Wu et al., 2015) in Supplementary Table 1.

We found that the NF-kB inhibitors, SC75741 and LY294002 reduced
viral RNA synthesis while the other compounds did not at the

concentrations tested (Fig. 2, Supplementary Table 1). SC75741 had a
half-maximal inhibitory concentration (ICsg) value of 0.662 pM for the
SFTSV hPoll MG (Fig. 2A, top) and 2.973 pM for the SFTSV T7-Pol MG
(Fig. 2B, top). Similarly, SC75741 was effective in reducing the MG
activity for both HRTV MG systems: HRTV hPoll MG ICs¢: 0.4119 pM
(Fig. 2C, top).; HRTV T7-Pol MG ICs¢: 0.333 pM (Fig. 2D, top). Inter-
estingly, LY294002 only reduced SFTSV MG activity for both systems
(Fig. 2A and B bottom panels), but not in either HRTV MG system
(Fig. 2C and D bottom panels). We noted cell toxicity in our initial MG
studies when cells were treated with SC75741 compared to our DMSO
vehicle control.

T-705, which has shown efficacy in vitro and in vivo against SFTSV
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Fig. 6. SC75741 reduces HRTV viral titers in Huh7 cells. Huh7 cells were infected with HRTV (R99207b) 1 h and treated with SC75741 (A), LY294002 (C), and T-
705 (E) 1-h post-infection and incubated for three days prior to titration on VeroE6 cells. Data are shown as percent viral titer reduction (A, C, E) or log10 focus
forming units/mL (B, D, F). Inhibitory concentration values at 50% and 90%, ICso and ICqq respectively, were calculated using nonlinear regression analysis using
Prism 8 software (Graphpad). Data are represented as an average of three independent experiments.

and HRTV (Takayama-Ito and Saijo, 2020; Tani et al., 2016b; Westover
et al., 2017), interestingly was not efficacious under our initial MG
conditions tested (Supplementary Table 1). Under reduced helper
plasmid conditions, we observed reduction of MG activity for the SFTSV
hPoll MG system with SC75741 and LY294002 (Fig. 3A and B), but only
saw a 20% decrease using T-705 at the concentrations tested (Fig. 3C).

3.3. Kinetics of SFTSV and HRTV

Although there are no report showing a direct comparison of SFTSV
and HRTV growth kinetics, our data suggested MG-driven transcription/
replication was higher using the SFTSV plasmids compared to HRTV
plasmids, thus we compared growth of SFTSV and HRTV to understand

their ability to replicate in different human cell lines. Overall, we
observed that SFTSV grew to higher titers than HRTV in HEK293 and
Huh?7 cells, while both viruses grow to similar titers in THP-1 monocytes
(Fig. 4A-Q).

3.4. SC75741 reduces HRTV and SFTSV viral titers in vitro

We assessed antiviral efficacy of SC75741, LY294002, and T-705 in
cells infected with either SFTSV or HRTV at an MOI of 0.1 (Figs. 5 and 6,
respectively). Similar to previous studies, we observed similar ICsg and
ICyg values for T-705 treatment in either SFTSV or HRTV infected Huh7
cells (ICsp, ICoq for SFTSV: 2.262 pM, 20.358 pM; ICsq, ICoq for HRTV:
3.539 pM, 31.85 pM) (Tani et al., 2016a; Westover et al., 2017) (Fig. 5E
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and F for SFTSV and Fig. 6E-F). Interestingly, LY294002 treatment
mirrored our observations from our MG systems: SFTSV was more sen-
sitive to LY294002 treatment compared to HRTV (ICsg, ICgp: 12.72 pM,
>50 pM for SFTSV vs. 18.86 pM, >50 pM for HRTV) (Fig. 5C, D for
SFTSV and Fig. 6C and D for HRTV). SC75741 is a potent inhibitor of
both SFTSV and HRTV replication in vitro with an ICyg value for HRTV of
1.85 pM and SFTSV of 2.1 uM (ICs: 0.2337 pM for SFTSV vs. 0.2061 pM
for HRTV) (Fig. 5A and B for SFTSV and Fig. 6A and B for HRTV). We
observed minimal cytoxicity of SC75741 and LY294002 at lower con-
centrations tested, however we did visualize cytotoxicity at concentra-
tions above 25 pM in virus-infected Huh7 cells treated with compounds.
No toxicity of T-705 treatment at higher concentrations was noted. We
performed cytotoxicity assays in uninfected Huh7 cells and saw no sig-
nificant difference between cells treated with SC75741, LY294002,
T-705 or DMSO compared to cells with media alone at concentrations
lower than 25 pM for the SC75741 and LY294002 (CytoToxOne Mem-
brane Integrity Assay, Promega; data not shown). Together, these results
indicate that the NF-xB inhibitor SC75741 is a novel inhibitor of two
pathogenic bandaviruses.

4. Discussion

We describe a method for screening novel antiviral compounds
against emerging tick-borne bandaviruses based on hPoll MG systems
for both SFTSV and HRTV, which is advantageous as it is that it can be
used in human cell lines commonly used for SFTSV and HRTV infection
in vitro (Ren et al., 2020). The NF-kB inhibitor, SC75741 reduced viral
RNA synthesis and replication of SFTSV and HRTV in vitro. SC75741
demonstrated antiviral efficacy against influenza viruses in vitro and in
vivo (Ehrhardt et al., 2013, p. 75,741; Haasbach et al., 2013, p. 75,741).
Compared to T-705, we observed a remarkable reduction in SFTSV and
HRTV viral titers when cells were treated 1 h p.i. with SC75741 (ICy:
HRTV: 1.165 pM and SFTSV of 2.234 pM). The SC75741-mediated
reduction of SFTSV and HRTV replication/transcription via our MG
systems indicates a potential role for NF-kB pathway in viral RNA syn-
thesis of tick-borne bandaviruses, which supports the work of other
groups (Qu et al., 2012; Sun et al., 2015) for which the mechanism re-
mains to be identified and will be a future point of study.

While the efficacy of T-705 against SFTSV and HRTV has been widely
demonstrated and was also demonstrated within our own study using
infectious SFTSV and HRTV (Fig. 5E, F and 6E, 6F) (Tani et al, 2016a,
2018; Westover et al., 2017), we observed a modest reduction in MG
activity for SFTSV hPoll MG at only high concentrations of T-705
(Fig. 3C). As we observed, titration of the helper plasmid indeed reduced
the resistance barrier of MG activity upon T-705 treatment indicating a
threshold of expression of viral replication machinery targeted by T-705
(Fig. 3C and D). A MG system for human metapneumovirus (HMPV)
showed similar resistance at lower concentrations of T-705 in 293T cells
(Jochmans et al., 2016). T-705 was originally hypothesized to inhibit the
active site of the viral RdRp (Furuta et al, 2005, 2013), however more
recent studies have suggested T-705 ribofuranosyltriphosphate, which
functions as a purine nucleotide analog, induces lethal mutagenesis
(Baranovich et al., 2013; Jin et al., 2013; Goldhill et al., 2018; Borrego
etal., 2019; Espy et al., 2019; de Avila et al., 2016; de Avila et al., 2017).
The respective contributions of lethal mutagenesis induced by T-705 on
the viral genome have yet to be described for SFTSV and HRTV indi-
cating a potential explanation for resistance in a MG system against
T-705 (Jochmans et al., 2016). We hypothesize this effect in our system
may be due to a saturation of the components of the viral replication
complex inhibiting T-705 as it directly acts on the RdRp and therefore
cannot lead to an introduction of excess mutations, however further
studies are needed to elucidate this mechanism of action.

Notably, we observed differences in growth kinetics in several
human cell lines between HRTV and SFTSV, which has not been previ-
ously examined. This study will expand the knowledge of not only po-
tential therapeutics for tick-borne bandaviruses, but also the potential
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screening methods, such as MG systems, for inhibitors of viral RNA
synthesis and identification of host-cell factors that contribute to viral
transcription/replication. Future studies will focus on identification of
bandavirus-specific therapeutics that can reduce the aberrant inflam-
matory response seen in SFTS and HRTVD that lead to severe pathology
seen in patients.
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