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In light of the recent pandemic, favipiravir (Avigan®), a purine nucleic acid analog and antiviral agent 
approved for use in influenza in Japan, is being studied for the treatment of coronavirus disease 2019 
(COVID-19).  Increase in blood uric acid level is a frequent side effect of favipiravir.  Here, we discussed the 
mechanism of blood uric acid elevation during favipiravir treatment.  Favipiravir is metabolized to an 
inactive metabolite M1 by aldehyde oxidase and xanthine oxidase, and excreted into urine.  In the kidney, 
uric acid handling is regulated by the balance of reabsorption and tubular secretion in the proximal tubules.  
Favipiravir and M1 act as moderate inhibitors of organic anion transporter 1 and 3 (OAT1 and OAT3), which 
are involved in uric acid excretion in the kidney.  In addition, M1 enhances uric acid reuptake via urate 
transporter 1 (URAT1) in the renal proximal tubules.  Thus, favipiravir is thought to decrease uric acid 
excretion into urine, resulting in elevation of uric acid levels in blood.  Elevated uric acid levels were 
returned to normal after discontinuation of favipiravir, and favipiravir is not used for long periods of time for 
the treatment of viral infection.  Thus, the effect on blood uric acid levels was subclinical in most studies.  
Nevertheless, the adverse effect of favipiravir might be clinically important in patients with a history of gout, 
hyperuricemia, kidney function impairment (in which blood concentration of M1 increases), and where there 
is concomitant use of other drugs affecting blood uric acid elevation.
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Introduction
Favipiravir (Avigan®) is an antiviral agent that inhibits 

the RNA-dependent RNA polymerase of many RNA viruses 
(Furuta et al. 2002, 2017).  In Japan, favipiravir has been 
approved for treating influenza strains unresponsive to cur-
rent antivirals.  Given the wide anti-viral spectrum of favip-
iravir, it is also being studied in the context of the recent 
pandemic of coronavirus disease 2019 (COVID-19) (Du 
and Chen 2020), which is caused by infection with severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2).  
Increase in blood uric acid level is the most frequent side 
effect of favipiravir (PMDA, Pharmaceuticals and Medical 
Devices Agency 2014; Fujifilm, Fujifilm Toyama Chemical 

Co., Ltd.  2019).  Uric acid is a product of the metabolic 
breakdown of purine nucleotides.  Hyperuricemia, which is 
an abnormally high uric acid level in the blood, can lead to 
gout and is associated with other medical conditions includ-
ing kidney function impairment.  This review summarizes 
the mechanism for blood uric acid elevation caused by favi-
piravir.

Metabolism of Favipiravir
Favipiravir is a purine nucleic acid analog and pyrazi-

necarboxamide derivative.  It is a prodrug that is metabo-
lized to its active form, favipiravir-ribofuranosyl-5’-triphos-
phate (favipiravir-RTP) in cells (Furuta et al. 2005).  
Human hypoxanthine guanine phosphoribosyltransferase 
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(HGPRT), an enzyme in the purine salvage pathway 
(Hirano and Peters 2016; Mishima et al. 2020), was 
reported to play a key role in this activation process 
(Naesens et al. 2013).  Favipiravir-RTP competes with 
purine nucleosides and interferes with viral replication by 
incorporation into the virus RNA, thus potentially inhibit-
ing the RNA-dependent RNA polymerase of RNA viruses 
(Furuta et al. 2005) (Fig. 1A).  Favipiravir undergoes 
metabolism in the liver mainly by aldehyde oxidase and 
partially by xanthine oxidase, producing an inactive metab-
olite favipiravir-M1 excreted by the kidneys (Madelain et 
al. 2016).  Favipiravir is extensively metabolized with only 
1% recovered unchanged in urine.  Cytochrome P450 iso-
enzymes do not contribute to the metabolism of favipiravir 
(PMDA 2014; Fujifilm 2019).

Effect of Favipiravir on Uric Acid Levels
Favipiravir can increase blood uric acid levels.  In 

phase I-II safety studies, the effect was observed in a dose-
dependent manner (PMDA 2014; Fujifilm 2019).  In a study 
of healthy volunteers, favipiravir increased blood uric acid 
in 7 out of 8 volunteers (87.5%).  Blood uric acid levels 
were elevated by an average of 4.4 mg/dL over baseline 
after 6 days of favipiravir administration (3,200 mg on day 
1 followed by 1,200 mg on days 2-5) and returned to nor-
mal 7 days after discontinuation (MHLW, Ministry of 
Health, Labour and Welfare 2016).  In a phase III clinical 
study that compared the treatment efficacy of favipiravir to 
oseltamivir for patients with influenza, the incidence of ele-
vated blood uric acid levels in the favipiravir group was 
higher (5.6%, 21/378) than that in an oseltamivir group 
(PMDA 2014).  In the same study and the pharmacokinetic 
study (PMDA 2014), among 393 subjects administered 
favipiravir, blood uric acid levels were increased after 3-4 

days of administration (1,600 mg on day 1 followed by 800 
mg on days 2-5).  The average elevation was 0.8 mg/dL in 
men (baseline 5.6 mg/dL) and 1.4 mg/dL in women (base-
line 3.9 mg/dL).  The blood uric acid levels were returned 
to baseline level upon cessation of treatment.  There has 
been no evidence that hyperuricemia caused by favipiravir 
leads to clinical manifestations; however, these studies 
excluded individuals with a history of gout and those taking 
medication for hyperuricemia.  In a randomized control trial 
involving patients with COVID-19 to compare the efficacy 
and safety of favipiravir and umifenovir (Arbidol®), which 
is an antiviral drug for influenza infection used in Russia 
and China (Chen et al. 2020), the incidence of elevated 
blood uric acid was significantly higher in the favipiravir 
group (16/116 patients, 14%) than in the umifenovir group 
(3/120 patients, 2.5%).  In an interim report of a multicenter 
observational study of favipiravir in COVID-19 patients in 
Japan (Fujita Health University Hospital 2020), 15.5% 
(335/2158) of the patients showed hyperuricemia or eleva-
tion of blood uric acid level by favipiravir treatment, whose 
dose was 3,600 mg on day 1 followed by 1,600 mg on the 
subsequent days (median administration period, 11 days).  
In addition, 8 patients (0.37%) presented gout.  Thus, favip-
iravir can also increase blood uric acid levels in COVID-19 
patients; however, these studies did not show data about the 
detailed uric acid levels.

Mechanism of Uric Acid Elevation by Favipiravir
The elevation of blood uric acid by favipiravir is 

thought to be the result of decreased excretion of uric acid 
into the urine (PMDA 2014; Fujifilm 2019).  Indeed, among 
healthy subjects administered favipiravir, urine uric acid 
levels were decreased in four subjects (1.7%: 4/242), and 
blood uric acid levels were increased in these four subjects, 

Fig. 1.  Favipiravir elevates blood uric acid levels by decreasing urinary excretion.
	 A.  Metabolism and structure of favipiravir.
	 B.  Putative mechanism of uric acid elevation by favipiravir (FVP).
	 AO, aldehyde oxidase; XO, xanthine oxidase; HGPRT, hypoxanthine guanine phosphoribosyltransferase; RTP, ribofura-

nosyl-5’-triphosphate; UA, uric acid, URAT1, urate transporter 1; URATv1, voltage-driven urate efflux transporter; 
GLUT9, glucose transporter 9; OAT 1 and 3, organic anion transporter 1 and 3; NPT4, sodium-dependent phosphate 
transport protein 4.
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suggesting that the elevation of blood uric acid level was 
attributed to the decreased urinary excretion of uric acid by 
the drug (PMDA 2014).  In the kidney, urate handling is 
regulated by the balance of reabsorption and tubular secre-
tion in the proximal tubules (Fig. 1B).  Urate transporter 1 
(URAT1) ensures the reabsorption of uric acid on the apical 
membrane, and organic anion transporter 1 and 3 (OAT1 
and OAT3) transport urate for luminal excretion on the 
basolateral side (Otani et al. 2017; Misawa et al. 2020).  
Favipiravir and the inactive metabolite M1 are moderate 
inhibitors of OAT1 and OAT3.  In an experiment with cul-
tured cells expressing human transporters (OAT1, OAT3, 
and URAT1), 800 μmol/L (126 μg/mL) favipiravir inhibited 
the transporter-mediated uptake of standard substrates.  The 
uptake activity of OAT1, OAT3, and URAT1 was decreased 
to 30.9%, 50.0%, and 65.7% of the control, respectively 
(PMDA 2014; Fujifilm 2019).  M1 also inhibited the uptake 
of standard substrates by OAT1, OAT3, and URAT1 at 300 
μmol/L (51.9 μg/mL), decreasing their uptake activity to 
45.4%, 57.7%, and 31.0% of the control, respectively.  In 
contrast, M1 enhanced URAT1-mediated urate uptake in a 
concentration-dependent manner.  Thus, decreased tubular 
secretion of uric acid by inhibition of OAT1 and OAT3 and 
promotion of uric acid reuptake in tubules via URAT1 are 
believed to be the mechanism of blood uric acid elevation 
by favipiravir (Fig. 1B).  In this mechanism, we hypothe-
size that i) M1 may be a substrate of OAT1, OAT3, and 
URAT1, and ii) M1 is transported from the blood into the 
renal proximal tubular cells via OAT1 and OAT3, and then 
M1 is excreted into the tubular lumen via URAT1 as a 
counter-substrate of urate, resulting in its trans-stimulatory 
effect on URAT1 (Fig. 1B).  In addition, M1 might inhibit 
sodium-dependent phosphate transport protein 4 (NPT4)-
dependent urate secretion in the apical side (Jutabha et al. 
2011).  An experiment in cultured cells expressing human 
transporters showed that favipiravir was not a substrate of 
human organic anion transporters (OAT1, OAT2, and 
OAT3), organic cation transporters (OCT1, OCT2, and 
OCT3), organic anion transport polypeptide (OATP2), 
URAT1, and P-glycoprotein (PMDA 2014; Fujifilm 2019).  
However, it remains unknown whether M1 is a substrate of 
these transporters.

The approved favipiravir regimen for influenza in 
Japan, which includes a 3,200 mg oral loading dose (1,600 
mg every 12 hours) on day 1 followed by 600 mg twice 
daily on days 2-5, maintains plasma concentration of the 
drug > 20 μg/mL during the administration period and 
reached a maximal concentration of 60 μg/mL (PMDA 
2014; Fujifilm 2019).  Thus, the concentration of the drug 
that influenced the transporters’ activities in the in vitro 
studies is nearly comparable to the blood concentration of 
the drug in the individuals receiving favipiravir.  Although 
favipiravir is partially metabolized by xanthine oxidase, an 
in vitro study indicated that favipiravir does not influence 
xanthine oxidase activity (PMDA 2014; Fujifilm 2019).  
The effect of favipiravir on the activity and expression of 

HGPRT has not been examined.

Drug Interaction Effects on Uric Acid Levels
Other agents that elevate uric acid levels can interact 

with favipiravir.  Pyrazinamide, an antituberculous drug, 
increases serum uric acid levels (Louthrenoo et al. 2015).  A 
metabolite of pyrazinamide, pyrazinoic acid, enhances urate 
reuptake by URAT1, resulting in decreased uric acid excre-
tion into the urine (Ben Salem et al. 2017).  In healthy sub-
jects, pyrazinamide elevated the blood uric acid level from 
6.2 to 11.6 mg/dL, and concomitant favipiravir administra-
tion further elevated the level to 13.9 mg/dL (PMDA 2014).  
Thus, concomitant use of other urate elevating drugs may 
enhance the uric acid elevation caused by favipiravir.

When favipiravir is administered concomitantly with 
an aldehyde oxidase inhibitor, such as raloxifene (Obach et 
al. 2004), or a xanthine oxidase inhibitor, such as allopuri-
nol, the metabolic clearance of favipiravir may decrease, 
resulting in increased plasma concentrations of favipiravir 
and decreased concentration of M1.  However, no study has 
examined the effect on the plasma concentration of favip-
iravir by a concomitant use of an aldehyde oxidase inhibitor 
or xanthine oxidase inhibitor.  In phase I/II study, a healthy 
volunteer with low aldehyde oxidase activity showed 
remarkably high favipiravir concentration and low M1 con-
centration in the plasma (PMDA 2014; Fujifilm 2019).  
However, in the phase III study, the incidence rate of clini-
cal adverse effects was not associated with the aldehyde 
oxidase activity of the subjects (PMDA 2014; Fujifilm 
2019).

Effect in Individuals with Kidney Dysfunction
In patients with advanced kidney dysfunction (creati-

nine clearance < 30 mL/min, not on dialysis), the plasma 
concentration of favipiravir was reported to be only 1.3-fold 
higher than normal (MHLW 2016).  In contrast, the plasma 
concentration of the inactive metabolite M1 was obviously 
higher because M1 is excreted by the kidney.  In a single 
patient with moderate kidney dysfunction (creatinine clear-
ance 42 mL/min) in the pharmacokinetic study, trough 
plasma concentrations of M1 were 2.5 times higher than 
those in patients without renal dysfunction (PMDA 2014; 
Fujifilm 2019).  In addition, patients with kidney dysfunc-
tion generally show higher blood uric acid levels and 
decreased urinary uric acid clearance (Li et al. 2018).  Thus, 
in patients with moderate to advanced kidney dysfunction, 
favipiravir may result in hyperuricemia more frequently due 
to the exposure to higher plasma concentrations of M1, 
although direct evidence has not been gathered.

Conclusion
Favipiravir can elevate blood uric acid levels, but this 

effect is reversed after discontinuation of the drug.  Since 
favipiravir is not used for long periods of time for the treat-
ment of viral infection, the effect on blood uric acid levels 
was subclinical in most studies.  However, those studies did 
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not include subjects with history of gout, hyperuricemia, 
and/or advanced kidney dysfunction; namely, the side effect 
on blood uric acid levels has not been fully examined in 
such populations.  Clinicians, therefore, need to be cautious 
of blood uric acid elevation, when favipiravir is used for 
patients with a history of gout, hyperuricemia, or kidney 
dysfunction that can increase blood concentration of M1 
and for patients concomitantly treated with other drugs 
causing blood uric acid elevation.  In addition, there are 
only limited data available as to the suitable treatment of 
hyperuricemia resulting from favipiravir administration.  
No study has compared uric acid production inhibitors with 
uricosuric agents in this situation.  To clarify the favipira-
vir-mediated mechanism of decreased urinary excretion of 
uric acid, future research should examine whether M1 is a 
substrate of OAT1, OAT3, and URAT1 and identify the 
transporters involved in the urinary excretion of M1.
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