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Fig. 1. Structure of Favipiravir.
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Fig. 2. Inhibitory effects of favipiravir-RTP and ribavirin-TP on influenza virus RNA

polymerase activity. Results are means * standard deviations (n = 3).
*, results significantly different from those for the controls by the Tukey test (P<
0.01).

Table 1. Effects of favipiravir-RTP on DNA or RNA polymerases
Polymerase Species Type ICso (umol/L)
RNA polymerase Influenza virus RdRp 0.341
DNA polymerase a Human DdDp >1,000
DNA polymerase / Human DdDp >1,000
DNA polymerase y Human DdDp >1,000
RNA polymerase II Human DdRp 905

RdRp: RNA-dependent RNA polymerase, DdDp: DNA-dependent DNA
polymerase, DdRp: DNA-dependent RNA polymerase

This table compares the ICso of favipiravir-RTP for influenza virus RNA
polymerase, human DNA polymerase (a, [, y) and human RNA
polymerase II. One unit each of human DNA polymerase a, [§ and y
and human RNA polymerase II were incubated for 1 hr with reaction

mixture containing *H-dGTP or *H-GTP *¥.
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Fig. 3.

Schematic representation of the activation mechanism of favipiravir. Favipiravir is incor-

porated into cells, and converted to favipiravir ribofuranosyl phosphates by host cell en-
zymes. The triphosphate form, favipiravir-RTP, inhibits the influenza virus RNA polymerase

activity.
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Table 2. In vitro anti-viral activities of favipiravir
Group Family Virus ECso(ug/mL) Reference
Orthomyxoviridae Influenza A (seasonal) 0.01-0.94 Furuta, Y. et al. 20027
RNA (—) Sleeman, K. et al. 2010'?
strand Influenza A (H5N1) 0.2-1.9 Sidwell, R.W. et al. 2007'¥
Sleeman, K. et al. 2010'?
Influenza A (HIN1) pdm09 0.13-3.53 Sleeman, K. et al. 2010'?
Influenza A (H7N9) 1.4 Watanabe, T. et al. 2013')
Influenza B 0.04-0.8 Furuta, Y. et al. 20027
Sleeman, K. et al. 2010'?
Influenza C 0.03-0.06 Furuta, Y. et al. 20027
Bunyaviridae La Crosse 5 Gowen, B.B. et al. 2007'%
Punta Toro 8.6—30 Gowen, B.B. et al. 2007, 2010'¢'7
Rift Valley fever 4.2-5.0 Gowen, B.B. et al. 2007, 2010'¢'7)
Sandfly fever 4.7-18 Gowen, B.B. et al. 2007, 2010'%!7
Dobrava 15 Buys, K.K. et al. 2011'®
Maporal 10 Buys, KK. et al. 2011'9
Crimean—Congo hemorrhagic fever 1.1 Oestereich, L. et al. 2014
Prospect Hill 10 Buys, KK. et al. 2011'®
Severe fever thrombocytopenia syndrome 0.71-1.3 Tani, H. et al. 2016%
Arenaviridae Junin 0.8-3.0 Gowen, B.B. et al. 2007, 2010617
Mendenhall, M. et al. 20112
Pichinde 0.9-3.9 Gowen, B.B. et al. 2007, 2010'%'"
Tacaribe 0.9-4.1 Gowen, B.B. et al. 2007, 2010'¢'"
Guanarito 2.4 Mendenhall, M. et al. 20112"
Machupo 2.2 Mendenhall, M. et al. 20112
Lassa 1.7-11.1 (ECo0) Safronetz, D. et al. 2015%?
Oestereich, L. et al. 2016*
Filoviridae Ebola 10.5 Oestereich, L. et al. 2014'%
Smither, S.J. et al. 2014%"
Rhabdoviridae Rabies 5.1-7.0 Yamada, K. et al. 2016
Paramyxoviridae Human metapneumovirus 1.3-6.3 (ECo0) Jochmans, D. et al. 20169
Respiratory syncytial virus 41 Furuta, Y. et al. 20027
Flaviviridae West Nile 53 Morrey, J.D. et al. 2008>”
RNA (+) Yellow fever 42 Julander, ].G . et al. 2009%%
strand Zika virus 3.5-3.8 Zmurko, J. et al. 2016*%
Togaviridae Western equine encephalitis 1.2,49 (ECo) Delang, L. et al. 201439
Julander, J.G. et al. 20093V
Venezuelan equine encephalitis 1.7 Delang, L. et al. 2014%9
Eastern equine encephalitis 2.8 Delang, L. et al. 201439
Barmah forest 2.8 Delang, L. et al. 2014%
Ross river 0.5 Delang, L. et al. 2014%9
Mayaro 2.5 Delang, L. et al. 201439
Chikungunya 0.3-9.4 Delang, L. et al. 201439
Picornaviridae Polio 4.8 Furuta, Y. et al. 20027
Rhino 29 Furuta, Y. et al. 20027
Enterovirus 71 23 Wang, Y. et al. 2016
Caliciviridae Noro 19-39 Rocha-Pereira, J. et al. 201233
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Table 3. Therapeutic effects of favipiravir in the mice infection model
Strain Dose . i
. Treatment Survivors/Total® Regimen
[Infectious Dose] (mg/kg/day)
Control (Placebo) — 0/20
1 0/10
3 0/10
A/Victoria/3/75 10 1;10 Every 6 hrs
(H3N2) Favipiravir 20 7/10% * for 5 days
100 10/10**
LDioo]®
(LDo] 300 10/10% *
Twice dail
Oseltamivir 10¢ 5/10* wiee dary
for 5 days
A/Osaka/5/70 Control (Placebo) — 0/10
(H3N2) 10 1/10 Twice daily
Favipiravir 30 9/10* * for 5 days
[3 X 10° PFU/mouse] 100 9/10"*
Control (Placebo) — 0/20
A/Duck/MN/1525/81 3 0/10
(H5N1) 10 2/10 Twice daily
Favipiravir 30 8/10% * for 5 days
[LD1oo]® 100 10/10% *
300 10/10%**
Control (Placebo) — 0/20
A/Duck/MN/1525/81 33 10/10% * Every 6 hrs
(H5N1) Favipiravir 100 10/10%* for 5 days
300 10/10%**
(LD10o]” Twice daily
Oseltamivir 20° 2/10
for 5 days

“Number of survival mice to day 21
»100% lethal infectious dose
‘Reduced oseltamivir dose

*p<0.01, **p<0.001, compared to control group (Yates-corrected Chi-square test). * *p<<0.001, com-
pared to control group (Kaplan-Meier method, Log-rank test).

IR 58E) ICHAREREZBEBEMARZ R L. A/Duck/
MN/1525/81 (H5N1) DEGETFIVICBNWTDH, 77E
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H 4 |5 Caplrdf Lz —F, £y Ien
) RN, 1 H 2 20 mg/kg/day & 5 H #1145
LTHHBRIBHERIRE R E Lh ol
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YRGB R EGA R Z RO 72D, EFET L
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BIE L7235 E 0 1/6 FlOADIELETT 5 L REEIZ LA
HREBRZ R L7720 F72, SEEBNH] e AR T 3]
RDED BNz,

3) SFTS oA VA

SFTS WA W AEH 1 B4 v & —7 =0 ¥/ ERIE
(IFNAR ") R AETNVEHWTT7 7 EET VDR
PERh I 2 SR L 722, RERIZ 7 7 Y E S ¥V 300 mg/kg/
day O G-BEA 2 &% 1 A2 55 AEF I AT
DESHEIRTEML, TOKFEZ Fig. 5 1R L 720 &
3H#®F CORGMIGTIIERIERL, BKYd, 5 HEd
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Fig. 4. Treatment of lethal Lassa virus infection in guinea pigs with favipiravir.

(A) Treatment was beginning 48 hours after challenge. Groups of six guinea pigs were
challenged with a lethal dose of guinea pig adapted-Lassa virus (GPA-LASV) and
treated subcutaneously once daily for two weeks with favipiravir (150 or 300 mg/kg/
day), ribavirin (50 mg/kg/day) or vehicle placebo. (B) Groups of six guinea pigs were
challenged with a lethal dose of GPA-LASV. Beginning on days 5, 7, and 9 post-chal-
lenge, favipiravir treatment (300 mg/kg/day, once daily subcutaneously for 14 con-
secutive days) was initiated in the respective group of animals.

Each study followed survival for up to 42 days post-infection.

*p<0.05, **p<<0.01, ***p<<0.001 compared to placebo; a: p<0.05 and b: p<0.001
compared to ribavirin.
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Fig. 5. Influence of the time from challenge to the initiation of the favipiravir treatment on SFTSV infections in IFNAR ™/~ mice.

Six or 10 male mice in each group were inoculated subcutaneously with 1.0 X 10° TCIDso of SFTSV (SPL010). Mice were treated
with favipiravir at a dose of 300 mg/kg/day. Treatment was commenced 1, 2, 3, 4, or 5 days post-infection. Favipiravir was ad-
ministered once daily until death or for 5 days. Survival was determined using a Kaplan-Meier analysis and GraphPad Prism 6.
Significance was determined relative to results for the placebo group: ***,P<0.001; **,P<0.01; *, P<<0.05. Relative weight

is shown as means with standard deviations.
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Favipiravir, viral RNA polymerase inhibitor
Yousuke Furuta
Business Development Department, Toyama Chemical Co. Ltd., 2-4—1 Shimookui, Toyama, Japan

Favipiravir (T-705; 6-fluoro-3-hydroxy-2-pyrazine carboxamide) was discovered through screening a
chemical library for anti-viral activity against influenza viruses by Toyama Chemical Co., Ltd. Favipiravir is
a novel anti-viral drug that selectively and potently inhibits the RNA-dependent RNA polymerase (RdRp) of
RNA viruses. It is phosphoribosylated by cellular enzymes to its active form, favipiravir ribofuranosyl-5’-
triphosphate, which is recognized as a substrate by RdRp, and inhibits the RNA polymerase activity. Since
the catalytic domain of RdRp is conserved among various types of RNA viruses, this phenomenon of action is
supported by evidence from a broader spectrum of anti-viral activities of favipiravir in vitro and in vivo.
Favipiravir is effective against a wide range of types and subtypes of influenza viruses, including strains re-
sistant to existing anti-influenza drugs. Of note is that favipiravir shows anti-viral activities against other
RNA viruses such as Arenaviruses, Bunyaviruses and Filoviruses, all of which are known to cause fatal hem-
orrhagic fever. Such a unique anti-viral profile will make favipiravir a potentially promising drug for un-
treated infections by RNA viruses.



