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Abstract
Introduction The pandemic of SARS CoV-2 has required urgent medical treatments for numerous patients. As no specific 
antiviral agents were available, different off-the-shelf alternatives have been explored.
Objective Here, we review the rationale behind the use of Favipiravir, and report of the specific studies supporting this 
treatment being conducted.
Methods Here we analyze the relevant literature to conclude about the present opportunities offered by this therapeutic agent.
Results This antiviral drug approved influenza in Japan since 2014, has a demonstrated in vitro activity against SARS CoV-2 
and is being investigated in several trials for SARS CoV-2. Signals of benefit were shown in a small trial for SARS CoV-2. 
However, in another small study, there was no advantage.
Conclusions Further studies, statistically more significant, are urgently needed to understand the best opportunities offered 
by this treatment.

Keywords SARS CoV-2 · Favipiravir · Human trials · Animal studies · Laboratory experiments

Introduction

Initial estimations of the SARS CoV-2 mortality rate were 
extremely large, at about 1% of the infected in the simula-
tions of [1]. Then [2], that first investigated the number 
of those with SARS CoV-2 antibodies in the supposed 
to be unaffected population, demonstrated the existence 
of a significant amount of people asymptomatic or mild. 
Thus, the revised SARS CoV-2 mortality rate is about 
0.12–0.20%. The daily peak fatality rates for the United 
Kingdom, predicted by [1] were 210. The measured peak 
fatality rate for the United Kingdom (7-days rolling aver-
ages) has been less than 14. Countries that enforced less 
severe restrictions such as Sweden or the Netherlands did 
better at below 10 than countries such as the United King-
dom that had 14 or Belgium that had 30 [3]. For Saudi 
Arabia, the fatality rate (percentage of deaths in closed 
cases) is 0.83% (549 over 66,339, as per the data updated 
June 3) [4]. The above 0.83% is not the infection fatal-
ity rate, which is the number of deaths from the SARS 

CoV-2 disease divided by the total number of cases of 
SARS CoV-2, but only the fatality rate in medium-to-
severe cases requiring medical attention. According to 
the World Health Organization (WHO), their data to early 
March were already suggesting that 80% of the infections 
were mild or asymptomatic, 15% were severe infection, 
requiring oxygen and 5% were critical infections, requir-
ing ventilation [5]. By taking 20% of the 0.83% fatal-
ity rate in closed cases between the medium-to-severe 
SARS CoV-2 cases, the fatality rate of Saudi Arabia is, 
therefore, 0.166% [4], within the range indicated by [2]. 
As a reference, the death rate for influenza and pneumo-
nia for Saudi Arabia [6] is 49.64 per 100,000 or 0.050%. 
Thus, the fatality rate of SARS CoV-2 is more than the 
flu. In addition, the fatality is mostly limited to the vul-
nerable [7–9]. In a healthy population, a strong immune 
system resulting from exercise, good nutrition, and regu-
lar supplements of vitamins and minerals is a guarantee 
of safety against SARS CoV-2. The Charles de Gaulle 
aircraft carrier case is a proof. Of almost 2000 people 
supposed to be healthy and with a strong immune system 
likely all uniformly challenged by the virus, only 1081 
were infected, and of the 1081, only 24 ended up in the 
hospital, with only 1 of them in need of intensive care [9]. 
After less than 2 weeks, there were only two Marines still 
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in the hospital, and one of them still in need of intensive 
care [9]. After 3 weeks, only the one previously in inten-
sive care was still hospitalized but out of the intensive 
care [9]. Thus, the fatality rate in this sample of the total 
Charles de Gaulle aircraft carrier population was thus 
zero.

It is within this context, of therapies mostly needed in 
patients with an immune system compromised for age or 
comorbidities, where contraindications may exist for the 
use of the more toxic drugs, that SARS CoV-2 therapies 
must be applied. Within this context, it is necessary to 
carefully consider the safety-to-efficacy profile of the 
drugs used for SARS CoV-2 therapy.

In people with a weak immune system, for ages or 
comorbidities, drug toxicity may constitute a serious 
threat to the survival of the patients, producing in some 
cases more damage than benefit. The last controversy 
about chloroquine and hydroxychloroquine is focused 
on the safety-to-efficacy profile [10–12]. Thus, it is 
extremely relevant to evaluate therapies with minimal 
side effects and contraindications.

Favipiravir use for SARS CoV‑2 infection

An emerging drug now becoming popular in Japan and Rus-
sia is Favipiravir.

Figure 1a is the molecule of Favipiravir (from https ://
molvi ew.org/?cid=49240 5).

Favipiravir (Avigan) is a known antiviral for influenza 
[13]. It is indicated for novel influenza strains that cause 
more severe disease rather than seasonal influenza [13]. 
Favipiravir triphosphate is a purine nucleoside analog. Favi-
piravir is a member of pyrazines and a primary carboxamide.

Figure 1b is the molecule of Oseltamivir, as Favipira-
vir and Oseltamivir are often combined. Oseltamivir is a 
cyclohexenecarboxylate ester. It is an antiviral prodrug being 
hydrolyzed to the active free carboxylic acid in the liver. 
Oseltamivir is used to slow the spread of influenza. It has 
a role as a prodrug, an EC 3.2.1.18 (exo-alpha-sialidase) 
inhibitor, an antiviral drug, an environmental contaminant, 
and a xenobiotic.

The mechanism of action is likely the selective inhibition 
of viral RNA-dependent RNA polymerase [14, 15]. In vitro 

Fig. 1  a Favipiravir molecule 
from molview.org/?cid=492405. 
The formula is  C5H4FN3O2. The 
molecular weight is 157.1 µg, 
hydrogen bond donors 2, hydro-
gen bond acceptors 4. Percent 
composition is C 12.0107 µg × 5 
38.226%; H 1.00794 µg × 4, 
2.5663%; F 18.998404 µg × 1, 
12.093%; N 14.0067 µg × 3, 
26.747%; and O 15.9994 µg × 2, 
20.368%. Systematic name is 
5-fluoro-2-oxo-1H-pyrazine-
3-carboxamide. b Oseltami-
vir molecule from molview.
org/?cid=65028. The formula 
is  C16H28N2O4. The molecular 
weight is 312.4 µg, hydrogen 
bond donors 2, hydrogen bond 
acceptors 5. Percent composi-
tion is C 12.0107 µg × 16, 
61.514%, H 1.00794 µg × 28, 
9.0339%, N 14.0067 µg × 2, 
8.9670%, and O 15.9994 µg × 4, 
20.485%

https://molview.org/?cid=492405
https://molview.org/?cid=492405
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studies on influenza A H1N1 viruses suggesting induced 
lethal RNA transversion mutations through the production of 
nonviable viral phenotype [16, 17] suggest that Favipiravir 
works as a chain terminator at the site of incorporation of the 
viral RNA thus reducing the viral load. Shiraki and Daikoku 
[17] advocate the use of Favipiravir against novel influenza 
strains. Favipiravir does not inhibit RNA or DNA synthesis 
in mammalian cells and it is not toxic to mammalian cells 
[18]. However, Favipiravir also seems not effective in pri-
mary human airway cells [19]. This may cast doubts about 
the efficacy in the use for SARS CoV-2 infection.

Favipiravir works against a broad range of influenza 
viruses [20]. These include A(H1N1) pdm09, A(H5N1) and 
A(H7N9) avian virus [20]. Favipiravir also inhibits influenza 
strains resistant to current antiviral drugs, and produce a syn-
ergistic effect in combination with Oseltamivir [20]. A small 
trial of 168 patients severely ill from influenza were treated 
with Favipiravir plus Oseltamivir (40) and Oseltamivir alone 
(128) [21]. A combination of Favipiravir and Oseltamivir 
accelerates clinical recovery [21].

For the specific use against SARS CoV-2, [22] evaluated 
the in vitro efficacy of different drugs, from Remdesivir to 
Chloroquine, also including Favipiravir. With Favipiravir, 
half‐maximal effective concentration  EC50 = 61.88 μM, 
 CC50 > 400 μM, SI > 6.46 were required to reduce the viral 
infection. Wang, Cao, Zhang, Yang, Liu, and Xu et al. [22] 
recommended further in vivo studies as efficacy against the 
Ebola virus challenge in mice was large despite an  EC50 
value in Vero E6 cells as high as 67 μM.

Li and De Clercq [23] include Favipiravir together with 
Remdesivir, Galidesivir, and Ribavirin in between the 
existing antiviral agents’ RNA‐dependent RNA polymer-
ase inhibitors to repurpose to treat SARS CoV-2 infection. 
Dong et al. [24] also include Favipiravir, together with Chlo-
roquine, Arbidol, and Remdesivir, all under clinical studies 
in China to test their efficacy and safety for SARS CoV-2 
infection. Costanzo et al. [25] declare Favipiravir as one of 
the most promising drugs for SARS CoV-2, however, men-
tioning only the small study [26] discussed hereafter as sup-
porting evidence. These are, however, experts’ opinions not 
supported by proper trials.

Favipiravir safety evidence in the treatment of other 
pathologies is reviewed in Ref. [27]. Study follow-up was 
between 5 and 21 days. The proportions of grade 1–4 adverse 
events (AE) on Favipiravir was 28.2% vs 28.4% in the com-
parison arms with Oseltamivir, Umifenovir, and Lopinavir/
Ritonavir. The proportion of discontinuations due to AE on 
Favipiravir was 1.1% vs 1.2% in the comparison arms. Seri-
ous AEs were 0.4% in both arms. While Favipiravir demon-
strates a favorable safety profile, safety concerns remain for 
hyperuricemia, teratogenicity, and QTc prolongation [28].

Regarding SARS CoV-2 application, according to [29], 
for analogies with the treatment with the same drug of the 

Ebola virus, while the drug  EC50 against SARS CoV-2 is 
9.4 µg/m they suggest a higher value of  EC50, in the range 
of 40–80 µg/mL, about same of the Ebola dosage. Cardiac 
and hepatic monitoring during treatment is suggested, the 
same as monitoring of Favipiravir concentration [29]. In 
addition to the in vitro study [22] indicating that Favipiravir 
(T-705) inhibited SARS CoV-2 replication in Vero E6 cells 
with  EC50 values of 61.88 μM (9.4 μg/mL), the independent 
study [30] indicated  EC50 values > 100 μM (15. 7 μg/mL). 
As Favipiravir is a prodrug requiring metabolic activation in 
the host cells to form its triphosphate form, this may contrib-
ute to the differences between the two studies [28].

Up to date, there is not enough information from specific 
trials to infer any conclusion on the use of Favipiravir for 
SARS CoV-2 infection. An open-label non-randomized trial 
of only 80 patients performed in China [26] was reported 
in the literature. This work was published in one engineer-
ing rather than a medical journal. This small study found a 
reduced viral clearance time, improved CT scan, and fewer 
side effects in comparison to Lopinavir/Ritonavir [26].

Recently, in a small trial of 240 SARS CoV-2 patients, 
120 were treated with Favipiravir and 120 with Arbidol [31]. 
Among patients with SARS CoV-2, in comparison, Favip-
iravir did not significantly improve the clinical recovery rate 
on Day 7 but improved the latency to relief for pyrexia and 
cough. Favipiravir had mild and manageable adverse effects.

There are a few ongoing trials. clinicaltrials.gov [32] 
reports as per June 6, 2020, 1416 SARS CoV-2 Studies 
from the World Health Organization Database. A search for 
Favipiravir returns 20 trials. The total number of Favipiravir 
trials for SARS CoV-2 and other applications is 73 (Table 1) 
(from [33]). Those with results are a small percentage of 
the total.

Discussion and conclusion

Given the demonstrated in vitro of activity of Favipiravir 
against SARS CoV-2 and signals of benefit in early clini-
cal experience for SARS CoV-2, but also the existence of 
contraindications that limit the window of cases where the 
safety-to-efficacy profile is promising, further studies are 
urgently needed.

The literature works that reviewed specific Favipiravir use 
for SARS CoV-2 are mostly comments, letters to the editors, 
or replies, and not research works reporting gold standard 
trials passed through a proper peer review. Results of trials 
have not yet been reported in the literature, with the only 
exception of one very small study and not all the parameters 
needed under control.

General for SARS CoV-2, the trials performed, under 
particularly challenging circumstances, without proper con-
trol of the relevant parameters, and based on a statistically 
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irrelevant population, are not certainly the gold standard in 
medical research. These experiences have left more doubts 
than certainties, also because of the conflict of interest 
affecting the health sector [27], the rush for publishing in 
SARS CoV-2, and mostly the interference by the Main-
stream Media.

Large, randomized, placebo-controlled studies of hos-
pitalized SARS CoV-2 patients conducted without pre-
conceived agenda and properly monitoring all the relevant 
parameters are urgently needed to understand if Favipiravir, 
as well as other products, are beneficial, and in which spe-
cific cases may be used to treat SARS CoV-2 infection with 
a positive safety-to-efficacy profile.
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