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Abstract Background: T-705 (favipiravir) is a potent inhibitor of RNA-dependent RNA poly-
merases of influenza viruses and no favipiravir-resistant virus has been isolated. Poliovirus
RNA polymerase has been well characterized and isolation of resistant virus was examined
in poliovirus.
Methods: Susceptibility variants of poliovirus I (Sabin strain) were isolated during passages in
the presence of favipiravir and characterized for their susceptibility and the sequence of RNA
polymerase.
Results: Five variants with 0.47e1.88 times the 50% inhibitory concentration for plaque forma-
tion of the parent poliovirus had amino acid variations in the 3D gene of the RNA polymerase.
The distribution of amino acid variations was not related to ribavirin resistance, and two amino
acid variation sites were found near the finger domain.
Conclusion: Favipiravir as a chain terminator would not be incorporated and replicate to cause
lethal mutagenesis as a mutagen like ribavirin, and resistant mutants were not isolated. A high
replication level would generate mutations leading to favipiravir resistance as ribavirin resis-
tance was generated, but generated mutations would be lethal to the RNA polymerase function.
Copyright ª 2017, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Introduction

We have developed T-705 (favipiravir) as a viral RNA syn-
thesis inhibitor and its anti-influenza activity and efficacy
have been shown in influenza virus infection in animal
models.1e3 Favipiravir has been approved to treat novel or
re-emerging influenza viruses in Japan. The Taiwanese
CDC’s decided to stockpile favipiravir for the people who
become infected with a new strain of influenza including
avian and swine influenzas.

Favipiravir has been shown to have a broad spectrum
against RNA viruses in animal infection models4,5; Influenza
virus infection,1e5 Ebola virus (EBOV) infection,6 Crimean-
Congo hemorrhagic fever,7 Lassa virus infection,8 Rift Valley
fever, Arenavirus hemorrhagic fever infections, Chikungunya
virus infection,9 Severe fever with thrombocytopenia syn-
drome virus infection,10 Rabies,11 Yellow fever virus disease,
Hantavirus pulmonary syndrome,12 Western equine en-
cephalitis, West Nile virus infection, and Norovirus
infection.13 Based on the anti-EBOV efficacy in animal
studies, favipiravir has been used for treatment of EBOV
infection in Guinea and Sierra Leone and the promising re-
sults has been reported.14,15

Favipiravir inhibits viral RNA-dependent RNA polymerase
replication by inhibiting elongation at the incorporation site
as a chain terminator.16,17 This mechanism does not produce
mutations in the replicating genome, and accordingly we
failed to isolate resistant mutants of influenza virus but did
find variantswith less susceptibility to favipiravir.18 Poliovirus
3D RNA-dependent RNA polymerase has been well charac-
terized in its structure, function and resistance to
ribavirin.19e23 We have tried to isolate favipiravir-resistant
poliovirus to elucidate the interaction of favipiravir and
viral RNA-dependent RNA polymerase in this study.

Methods

Virus, cells, and reagents

We used poliovirus (Sabin 1) for characterization of the sus-
ceptible variants and their genome sequences obtained in
the presence of favipiravir24 because it is a very frequently
used laboratory strain with the best characterized sequence
data on the genome containing naturally-occurring variants.
Vero cells were grown and maintained in Eagle’s minimum
essential medium supplemented with 2% and 5% heat-
inactivated calf serum, respectively.24 Favipiravir was pro-
vided from Toyama Chemical Co., Ltd.

Isolation of susceptibility variants

Vero cells in 25 cm2 flasks were infected with poliovirus,
and 10 flasks were independently cultured in the presence
of stepwise increasing concentrations of 10, 30, and 50 mg/
ml of favipiravir for 3e7 days with a medium change
depending on the spread of the cytopathic effect (CPE),
rounding of the cells, to the whole cells. When the CPE
developed in a flask containing 5 mg/ml of favipiravir, an
aliquot of 200 ml of the culture supernatant after freezing
and thawing the culture three times was inoculated into a
new 25 cm2 flask for further incubation in the presence of

10 mg/ml of favipiravir. Thus favipiravir concentration was
increased at 5, 10, 30, and 50 mg/ml of favipiravir. When a
culture showed extensive CPE in the whole culture in the
presence of 50 mg/ml of favipiravir, the infected cells were
frozen and thawed three times, and the supernatants were
inoculated into Vero cells in 60-mm plastic flasks with 0.8%
nutrient methylcellulose medium at 50 mg/ml of favipiravir.
The plaques were isolated and the isolated virus was
examined for the susceptibility to favipiravir.

Determination of susceptibility to favipiravir

Susceptibility to favipiravir was determined by a plaque
reduction assay.18,24 Duplicate cultures of Vero cells in 60-
mm plastic dishes were infected with 100 plaque forming
units (PFU)/0.2 ml of poliovirus or isolated clones for 1 h at
room temperature. Cells were overlaid with 5 ml of 0.8%
nutrient methylcellulose medium containing various con-
centrations of favipiravir and then cultured at 37 �C for 2e3
days. The infected cells were fixed with 5% formalin solu-
tion and stained with 0.03% methylene blue solution. The
number of plaques was counted under a dissecting micro-
scope. The inhibitory concentrations of favipiravir for 50%
plaque reduction (IC50) were determined from a curve
relating the plaque number to the favipiravir concentra-
tion. The susceptibility of an isolated clone was expressed
as the mean ratio of the IC50 of the isolated clone over that
of the original poliovirus virus assayed simultaneously to
minimize the variation of the IC50 values between the
original and cloned viruses.

Determination of nucleotide sequences of
susceptibility variants

The variations in the change of IC50 values were linked to
amino acid changes in the 3D RNA polymerase gene and the
nucleotide sequences of the RNA polymerase were deter-
mined in 7 clones and original virus. RNA extraction was
demonstrated by using a QIAamp viral RNA mini kit (QIAGEN
GmbH, Germany) and the viral RNA was reverse-transcribed
with the Oligo (dT)15 Primer using the PrimeScript RT re-
agent Kit (Takara Bio, Otsu, Shiga). The amplified segments
of the RNA polymerase by PCR were sequenced by using the
ABI Prism 3130 DNA sequencer.

The binding of T-705RTP to the active site of the
poliovirus 3D RNA polymerase

In order to gain insight into how favipiravir binds to the
active site of the 3D RNA polymerase, we performed a
docking simulation analysis of favipiravir-ribose-5’-triphos-
phate (T-705RTP) and poliovirus RNA polymerase (PDB code
3OLA) using Autodock Vina.25

Results

Isolation of the susceptibility variants

The IC50s of 18 candidate clones were determined in parallel
with the parent virus twice and ranged from 3.21 to
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