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Abstract

No specific antiviral drugs have been approved for the treatment of COVID-19. This study aimed to evaluate the efficacy 

of favipiravir in treatment of COVID-19. This was a multicenter randomized controlled study including 96 patients with 

COVID- 19 who were randomly assigned into a chloroquine (CQ) group and a favipiravir group. None of the patients in the 

favipiravir group needed mechanical ventilation (p = 0.129). One patient (2.3%) in the favipiravir group and two patients 

(4.2%) in the CQ group died (p = 1.00). Favipiravir is a promising drug for COVID-19 that decreases the hospital stay and 

the need for mechanical ventilation.

ClinicalTrials.gov Identifier NCT04351295.

Introduction

COVID-19 has led to a major worldwide health and eco-

nomic crisis, with more than 27 million people having con-

tracted the disease and more than 800,000 deaths [1, 2]. No 
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specific antiviral drugs have been approved for the treatment 

of COVID-19 [3].

The food and drug administration (FDA) granted emer-

gency approval to allow hospitals to use chloroquine and 

hydroxychloroquine for treatment of COVID-19, and these 

drugs have been used as standard of care in some countries 

[4–24]. However, many questions remain about the efficacy 

of chloroquine in treatment of COVID-19 [6–16]

Other antiviral drugs have been suggested to be repur-

posed for the treatment of COVID-19, such as interferon-ɑ, 

lopinavir/ritonavir, ribavirin, and remdesivir [5, 6]. Some 

clinical trials concentrating on viral RNA-dependent RNA 

polymerase (RdRp) inhibitors have been registered and 

started [6–11]. Favipiravir, a purine analogue and a potent 

RdRp inhibitor that has been approved for use in influenza 

treatment, is also being considered for treatment of COVID-

19 [7–11].

Favipiravir acts as a purine analogue and is incorporated 

in place of guanine or adenine [7–10] and thereby inhibits 

viral replication. It has been used for treatment of some life-

threatening infections such as Ebola, Lassa fever, and rabies, 

and its therapeutic usefulness has been established in these 

diseases [8–11].

Data about the efficacy of favipiravir in the treatment 

of COVID-19 are very scarce. Therefore, the aim of the 

study was to evaluate the efficacy of favipiravir in treatment 

COVID-19.

Methods

This was a multi-center, randomized, interventional phase2/

phase3 study that included 96 patients with confirmed 

SARS-CoV-2 infection. This study was performed at the 

Ain-Shams University and Tanta University hospitals in 

the period from April to August 2020. Ethical approval was 

obtained from the Tanta University Faculty of Medicine Eth-

ics Committee, and the approval number was 34035/20. The 

study was registered on clinicaltrials.gov under the registra-

tion number NCT04351295.

Patients who met the criteria to be included in the study 

were enrolled. The criteria for inclusion included being an 

adult 18 to 80 years of age with confirmed SARS-CoV-2 

infection with mild or moderate symptoms and having been 

admitted to the hospital three days after the onset of symp-

toms. All of the patients agreed to participate in the study 

and signed an informed consent statement.

Patients who had allergy or contraindication to the drug, 

pregnant and lactating mothers, and patients with cardiac 

problems, liver or renal failure, or other organ failure were 

excluded from the study.

Ninety-eight patients were eligible to participate in the 

study. After exclusion of patients who refused to participate, 

96 patients were randomly assigned into two groups. The 

chloroquine (CQ) group included 48 patients who received 

chloroquine 600 mg tablets twice daily added to the stand-

ard-of-care therapy for 10 days. The favipiravir group 

included 48 patients who received 1600 mg of favipiravir 

twice a day on the first day and 600 mg twice a day from the 

second to tenth day, added to the standard-of-care therapy 

for 10 days. Four patients in this group quit after the begin-

ning of the study, and the final number in this group was 

44 patients. The four patients who left the study preferred 

to complete their treatment and be transferred to military 

hospitals, after which we lost contact with them (Fig. 1).

All participants in the study were interviewed and their 

demographic and basal data were recorded, including age, 

sex, weight, height, and body mass index (BMI). All of the 

patients were subjected to a thorough clinical examination, 

and blood samples were taken for biochemical analysis, 

including a complete blood count (CBC), liver function 

tests, renal function tests, chest X-ray, chest CT scan, and 

ECG. The principal outcomes of the study were the mortal-

ity rate and the need for mechanical ventilation.

Sample size calculation was done using G*power soft-

ware. A study done by Cai et al. [17] showed that antiviral 

therapy with favipiravir was able to reduce the time of viral 

clearance from 11 days to 4 days (about 63%). Based on 

that study, with a sample power of 80%, an α error of 0.05, 

and an allocation ratio of 1, the sample size was at least 43 

patients in each group [18].

Statistical analysis: The normality of the different vari-

ables was tested by Shapero Wilks test. Continuous vari-

ables were expressed as the mean, SD and median, while 

the categorical variables were expressed as numbers and 

percentages. Student’s t-test was used for normally distrib-

uted quantitative variables, while the Mann-Whitney test 

was used for non-normally distributed ones. The chi-square 

test (χ2) was used for categorical variables and whenever 

any of the expected cells were less than five, Fischer’s exact 

test was used. Univariate binary logistic regression was used 

to ascertain the effect of possible risk factors on the over-

all mortality of the patients. A two-sided P-value less than 

0.05 was considered statistically significant. The analysis 

was done with SPSS Statistical Package version 23 (SPSS 

Inc. Released 2015. IBM SPSS Statistics for Windows, ver-

sion 23.0, Armnok, NY, IBM Corp.).

Results

The two groups were matched for gender and age (p = 0.525 

and 0.717, respectively). There was no significant differ-

ence regarding laboratory parameters, including hemo-

globin, WBCs, platelets, CRP, ferritin, D dimer, ALT, AST, 
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or creatinine. There was also no significance difference 

between the two groups regarding comorbidities (Table 1).

Although not statistically significant (p = 0.06), the favi-

piravir group had a lower mean duration of hospital stay 

(13.29 ± 5.86 days) than the CQ group (15.89 ± 4.75 days). 

None of the patients in the favipiravir group needed mechan-

ical ventilation or had an oxygen saturation lower than 90%, 

but in comparison to the CQ group, these differences were 

not significant (p = 0.118 and 0.129, respectively). Four 

patients in the CQ group needed mechanical ventilation and 

received methylprednisolone after their condition worsened. 

Two patients (4.2%) in the CQ group and one (2.3%) in the 

favipiravir group died (p = 1.00, Table 2). No significant 

differences were observed between the groups regarding side 

effects (Table 2).

Univariate logistic regression of possible risk factors for 

overall mortality revealed that the patient’s age and CRP 

level were the only factors significantly associated with 

mortality (p = 0.045 and 0.019, respectively). Favipiravir 

treatment was not significantly associated with COVID-19 

mortality in this study (p = 0.615).

Discussion

The current epidemic of COVID-19 has reached pandemic 

proportions, and intense public health efforts are under way 

to contain the epidemic worldwide. However, as conclusive 

therapies for proven COVID-19 continue to be a challenge, 

there is a considerable interest in repurposing existing anti-

viral agents [19]. Favipiravir (FPV) is a novel RdRp inhibitor 

that has been demonstrated to be efficient in treating influ-

enza and Ebola virus infections [20, 21].

Favipiravir is a prodrug that is ribosylated and phospho-

rylated intracellularly to form the active metabolite favipira-

vir ibofuranosyl‐5′‐triphosphate (T‐705‐RTP). T‐705‐RTP 

competes with purine nucleosides and interferes with viral 

replication by getting incorporated into the viral RNA and 

thereby inhibiting the RdRp of RNA viruses [24–28].

In this randomized multicenter study, the patients who 

received FPV had a lower mean duration of hospitalization 

than the CQ group. None of the patients in the FPV group 

needed mechanical ventilation, in contrast to the CQ group, 

but these results were not statistically significant. This is a 

potentially important observation, as decreasing the need for 

mechanical ventilation among COVID-19 patients is crucial, 

especially in developing countries and regions of the world 

with limited resources.

Two patients (4.2%) in the CQ group and one (2.3%) in 

the FPV group died. This finding suggests that improve-

ment of the patient’s condition may depend on inhibition 

of SARS-CoV-2 and that FPV controls the disease progres-

sion of COVID-19 by inhibiting SARS-CoV-2 polymerase 

activity [9].

To our knowledge, this is the first randomized study 

to evaluate the efficacy of favipiravir for treatment of 

COVID-19.

The positive results of this study are supported by 

three previous case reports. The first was by Noda et al., 

who reported the cases of two elderly COVID-19-positive 

patients, one of whom had hypoxemia, who received favi-

piravir with a seemingly beneficial effect [22]. The second 

Fig. 1  Flow chart of patient 

inclusion in the study

2 pa�ents refused to 

par�cipate 

48 pa�ents were  

assigned to CQ group 

98 pa�ents were eligible to 

par�cipate 

48 pa�ents were assigned to  

favipiravir group 

44 pa�ents in the 

favipiravir group 
48 pa�ents in CQ 

group 

4 pa�ents quit 

the study
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case report described a case of COVID-19 pneumonia that 

did not worsen and was relieved by early administration of 

favipiravir and ciclesonide [23]. The third report described 

administration of a combination of FPV with short-course 

systemic corticosteroid treatment to a patient who was criti-

cally ill with COVID-19 pneumonia and COPD who sub-

sequently showed improvement [28]. Although these data 

support our finding, they are case reports that need to be 

verified in large randomized controlled studies.

A non-randomized interventional study involving 80 

patients with non-severe COVID-19 compared favipiravir 

with lopinavir/ritonavir and showed increased viral clear-

ance in the favipiravir group on day 7, supporting the pos-

sible applicability of favipiravir in treatment of COVID-19 

[17].

A positive effect of favipiravir was also suggested in a 

case series by Doi et al., who used a combination of favi-

piravir and nafamostat mesylate, which showed promising 

results in critically ill COVID-19 patients [27].

The dose of FVP to be given to critically ill patients is 

controversial, especially since the publication of recent data 

showing lower serum levels of the drug in these patients than 

in less severely ill patients [26].

The main limitation of this study is that it was based on 

clinical outcomes, the need for ICU admission, and mortal-

ity and that the viremic response was not investigated. This 

was due to the limited resources available. Also, the study 

included only COVID-19 patients who were mildly or mod-

erately ill and therefore had a better prognosis than severely 

or critically ill patients.

In conclusion, favipiravir is a promising drug for treat-

ment of COVID-19 that might decrease the hospital stay and 

the need for mechanical ventilation.

Table 1  Baseline clinical and laboratory characteristics of the studied 

groups

* CQ, chloroquine; n, number; SD, standard deviation; HB, hemo-

globin; WBCs, white blood cells; ALT, alanine transaminase; AST, 

aspartate transaminase; CRP, C-reactive protein

Parameter CQ (n = 48) Favipiravir (n = 44) P-value

Mean± SD Mean ± SD

Median Median

Age in years 36.15 ± 17.67 34.86 ± 15.95 0.717

34.0 29.0

Hb 13.21 ± 1.90 13.31 ± 1.63 0.804

13.10 13.10

WBCs 5.60 ± 2.61 6.58 ± 2.99 0.085

4.80 6.19

Platelets 271.64 ± 103.77 242.29 ± 89.08 0.129

272.0 235.50

CRP 15.75 ± 18.08 23.05 ± 54.08 0.095

9.0 7.20

Ferritin 151.85 ± 81.80 145.68 ± 147.44 0.071

144.50 108.50

D dimer 67.79 ± 203.46 61.66 ± 171.52 0.099

1.00 5.17

ALT 29.20 ± 19.99 26.85 ± 19.98 0.096

23.50 21.0

AST 25.68 ± 8.11 26.66 ± 20.25 0.085

25.50 20.0

Creatinine 0.97 ± 0.51 1.40 ± 1.05 0.107

0.90 0.95

No. (%) No. (%)

Gender

Male 25 (52.1) 20 (45.5) 0.525

Female 23 (47.9) 24 (54.5)

Co-morbidities 6 (12.5) 11 (25.0) 0.179

R
E
T
R

A
C

T
E
D

 A
R

T
IC

L
E



953Favipiravir in treatment of COVID-19

1 3

Compliance with ethical standards 

Conflict of interest There are no conflicts of interest.

References

 1. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J et al (2020) A 

novel coronavirus from patients with pneumonia in China, 2019. 

N Engl J Med. 382(8):727–733

 2. Yin Y, Wunderink RG (2018) MERS, SARS and other coronavi-

ruses as causes of pneumonia. Respirology 23(2):130–137

 3. Cascella M, Rajnik M, Cuomo A et al (2012) Features, evaluation 

and treatment coronavirus (COVID-19). StatPearls Publishing, 

Treasure Island

 4. Yazdany J, Kim AHJ (2020) Use of hydroxychloroquine and chlo-

roquine during the COVID-19 pandemic: what every clinician 

should know. Ann Intern Med. 172:754–755

 5. Hernandez AV, Roman YM, Pasupuleti V et al (2020) Hydrox-

ychloroquine or chloroquine for treatment or prophylaxis 

of COVID-19: a living systematic review. Ann Intern Med. 

173(4):287–296

 6. Du YX, Chen XP (2020) Favipiravir: pharmacokinetics and con-

cerns about clinical trials for 2019-nCoV infection. Clin Pharma-

col Ther 108(2):242–247

 7. Arab-Zozani M, Hassanipour S, Ghoddoosi-Nejad D (2020) Favi-

piravir for treating patients with novel coronavirus (COVID-19): 

protocol for a systematic review and meta-analysis of randomised 

clinical trials. BMJ Open. 10(7):e039730

 8. Goldhill DH, Te Velthuis AJ, Fletcher RA et al (2018) The mecha-

nism of resistance to favipiravir in influenza. Proc Natl Acad Sci 

115(45):11613–11618

 9. Zhu W, Chen CZ, Gorshkov K et al (2020) RNA-dependent RNA 

polymerase as a target for COVID-19 Drug discovery. SLAS DIS-

COV Adv Sci Drug Discov. https ://doi.org/10.1177/24725 55220 

94212 3

 10. Elfiky AA (2020) SARS-CoV-2 RNA dependent RNA polymerase 

(RdRp) targeting: an in silico perspective. J Biomol Struct Dyn. 

https ://doi.org/10.1080/07391 102.2020.17618 82

 11. Mohamed AA, Mohamed N, Mohamoud S et al (2020) SARS-

CoV-2: the path of prevention and control. Infect Disord Drug 

Targets. https ://doi.org/10.2174/18715 26520 66620 05201 12848  

(Online ahead of print)

 12. Sarin SK, Choudhury A, Lau GK et al (2020) Pre-existing liver 

disease is associated with poor outcome in patients with SARS 

CoV2 infection; the APCOLIS Study (APASL COVID-19 Liver 

Injury Spectrum Study). Hepatol Int 14(5):690–700. https ://doi.

org/10.1007/s1207 2-020-10072 -8

 13. Abd-Elsalam S, Elkadeem M, Glal KA (2020) Chloroquine as 

chemoprophylaxis for COVID-19: Will this work? Infect Disord 

Drug Targets. https ://doi.org/10.2174/18715 26520 66620 07262 

24802  (Online ahead of print)

 14. Abd-Elsalam S, Esmail ES, Khalaf M et al (2020) Tanta protocol 

for management of COVID-19. Perspectives from a developing 

country. Endocr Metab Immune Disord Drug Targets. https ://doi.

org/10.2174/18715 30320 99920 11171 42305  (Online ahead of 

print)

 15. Xie M, Chen Q (2020) Insight into 2019 novel coronavirus—an 

updated intrim review and lessons from SARS-CoV and MERS-

CoV. Int J Infect Dis. https ://doi.org/10.1016/j.ijid.2020.03.071 

([Epub ahead of print])

 16. Marjot T, Moon AM, Cook JA et al (2020) Outcomes following 

SARS-CoV-2 infection in patients with chronic liver disease: an 

international registry study. J Hepatol. https ://doi.org/10.1016/j.

jhep.2020.09.024 (Online ahead of print. PMID: 33035628)

 17. Cai Q, Yang M, Liu D et al (2020) Experimental treatment with 

favipiravir for COVID-19: an open-label control study. Engineer-

ing (Beijing). https ://doi.org/10.1016/j.eng.2020.03.007 ([Epub 

ahead of print])

 18. Faul F, Erdfelder E, Lang A-G et al (2007) A flexible statistical 

power analysis program for the social, behavioral, and biomedical 

sciences. Behav Res Methods 39:175–191

 19. World Health Organization. Coronavirus disease (COVID-19) 

situation report—139. https ://www.who.int/docs/defau lt-sourc 

Table 2  Clinical outcomes of 

the two groups

* n, number; SD, standard deviation; O2, oxygen

Parameter CQ (n = 48) 

Mean ± SD

Median

Favipiravir (n = 44) 

Mean ± SD

Median

P-value

Duration of hospital stay 15.89 ± 4.75 13.29 ± 5.86 0.060

Need for mechanical ventilation 4 (8.3) 0 (0.0) 0.118

O2 saturation

100-95% 37 (77.1) 40 (90.9) 0.129

95-90% 9 (18.8) 4 (9.1)

<90% 2 (4.2) 0 (0.0)

Mortality 2 (4.2) 1 (2.3) 1.00

Side effects:

Nausea 2 (4.2) 1 (2.3) 0.938

Headache 3 (6.2) 1 (2.3) 0.672

Diarrhea 2 (4.2) 3 (6.8) 0.920

Elevated liver enzymes 1 (2.1) 3 (6.8) 0.548

Anemia 1 (2.1) 2 (4.5) 0.938

Hyperuricemia 0 (0.0) 2 (4.5) 0.436

Decreased neutrophils 1 (2.1) 2 (4.5) 0.938

R
E
T
R

A
C

T
E
D

 A
R

T
IC

L
E

https://doi.org/10.1177/2472555220942123
https://doi.org/10.1177/2472555220942123
https://doi.org/10.1080/07391102.2020.1761882
https://doi.org/10.2174/1871526520666200520112848
https://doi.org/10.1007/s12072-020-10072-8
https://doi.org/10.1007/s12072-020-10072-8
https://doi.org/10.2174/1871526520666200726224802
https://doi.org/10.2174/1871526520666200726224802
https://doi.org/10.2174/1871530320999201117142305
https://doi.org/10.2174/1871530320999201117142305
https://doi.org/10.1016/j.ijid.2020.03.071
https://doi.org/10.1016/j.jhep.2020.09.024
https://doi.org/10.1016/j.jhep.2020.09.024
https://doi.org/10.1016/j.eng.2020.03.007
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200607-covid-19-sitrep-139.pdf?sfvrsn=79dc6d08_2


954 H. M. Dabbous

1 3

e/coron aviru se/situa tion-repor ts/20200 607-covid -19-sitre p-139.

pdf?sfvrs n=79dc6 d08_2. Accessed 8 June 2020.

 20. Oestereich L, Lüdtke A, Wurr S et al (2014) Successful treatment 

of advanced Ebola virus infection with T-705 (favipiravir) in a 

small animal model. Antiviral Res 105:17–21

 21. Madelain V, Oestereich L, Graw F et al (2015) Ebola virus dynam-

ics in mice treated with favipiravir. Antiviral Res 123:70–77

 22. Noda A, Shirai T, Nakajima H et al (2020) Case report: two 

cases of COVID-19 pneumonia including use of favipiravir. The 

Japanese Association for Infectious Diseases. http://www.kanse 

nsho.or.jp/uploa ds/files /topic s/2019n cov/covid 19_caser eport 

_en_20040 8_2.pdf

 23. Yokoyama K, Oguri T, Kato A et al (2020) Case report a case of 

COVID-19 pneumonia that did not worsen and was relieved by 

early administration of favipiravir and ciclesonide. http://www.

kanse nsho.or.jp/uploa ds/files /topic s/2019n cov/covid 19_caser 

eport _en_20040 6.pdf. 

 24. Abena PM et al (2020) Chloroquine and hydroxychloroquine for 

the prevention or treatment of COVID-19 in Africa: caution for 

inappropriate off-label use in healthcare settings. Am J Trop Med 

Hyg 102:1184–1188

 25. Furuta Y et al (2005) Mechanism of action of T-705 against influ-

enza virus. Antimicrob Agents Chemother. 49:981–986

 26. Irie K, Nakagawa A, Fujita H et al (2020) Pharmacokinetics of 

favipiravir in critically Ill patients with COVID-19. Clin Transl 

Sci. 13(5):880–885

 27. Doi K, Ikeda M, Hayase N et al (2020) Nafamostat mesylate treat-

ment incombination with favipiravir for patients critically ill with 

Covid-19: a case series. Crit Care 24:392

 28. Inoue H, Jinno M, Ohta S et al (2020) Combination treatment 

of short-course systemic corticosteroid and favipiravir in a suc-

cessfully treated case of critically ill COVID-19 pneumonia with 

COPD. Respir Med Case Rep 31:101200

Publisher’s Note Springer Nature remains neutral with regard to 

jurisdictional claims in published maps and institutional affiliations.

R
E
T
R

A
C

T
E
D

 A
R

T
IC

L
E

https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200607-covid-19-sitrep-139.pdf?sfvrsn=79dc6d08_2
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200607-covid-19-sitrep-139.pdf?sfvrsn=79dc6d08_2
http://www.kansensho.or.jp/uploads/files/topics/2019ncov/covid19_casereport_en_200408_2.pdf
http://www.kansensho.or.jp/uploads/files/topics/2019ncov/covid19_casereport_en_200408_2.pdf
http://www.kansensho.or.jp/uploads/files/topics/2019ncov/covid19_casereport_en_200408_2.pdf
http://www.kansensho.or.jp/uploads/files/topics/2019ncov/covid19_casereport_en_200406.pdf
http://www.kansensho.or.jp/uploads/files/topics/2019ncov/covid19_casereport_en_200406.pdf
http://www.kansensho.or.jp/uploads/files/topics/2019ncov/covid19_casereport_en_200406.pdf

	Efficacy of favipiravir in COVID-19 treatment: a multi-center randomized study
	Abstract
	Introduction
	Methods
	Results
	Discussion
	References


