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ABSTRACT

Background: The role of favipiravir (FVP) as a COVID-19 treatment is recognized but not fully eluci-
dated. We aimed to evaluate whether FVP has definite clinical efficacy and safety in the treatment of
COVID-19.

Methods: International and Chinese databases were searched for randomized controlled clinical trials
evaluating FVP for the treatment of COVID-19. A meta-analysis was performed and published literature
was synthesized to evaluate the corresponding therapeutic effects.

Results: We included 13 studies (1430 patients in total). Meta-analysis showed that patients with mild-
to-moderate disease treated with FVP had a significantly higher viral clearance rate than those in the
control group 10 and 14 days after initiation of treatment [RR: 1.13 (95% Cl: 1.00, 1.28), P = 0.04;
12 = 39% for day 10 and RR: 1.16 (95% Cl: 1.04, 1.30), P = 0.008; I* = 38% for day 14] and a significantly
shorter hospital stay [MD: —1.52 (95% Cl: —2.82, —0.23), P = 0.02; I> = 0%].

Conclusions: FVP significantly promotes viral clearance and reduces the hospitalization duration in
mild-to-moderate COVID-19 patients, which can reduce the risk of severe disease outcomes in patients.
However, more importantly, the results showed no benefit of FVP in severe patients, and caution should
be taken regarding the treatment options of FVP in severe patients.

PLAIN LANGUAGE SUMMARY

The urgent need to identify effective interventions to treat novel coronavirus infections is a major
challenge. The role of favipiravir (FVP) as a COVID-19 treatment is recognized but not fully elucidated.
Our study showed a significant correlation between viral clearance and the promotion of clinical
improvement with FVP in mild-to-moderate patients, which is significant for reducing the length of
hospital stay of patients, reducing the risk of patients progressing to severe disease, thereby reducing
mortality. However, the results showed no benefit of FVP in severe patients and the conclusion of this
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study still needs to be further verified by clinical trials with large samples.

1. Introduction

Pneumonia associated with a novel coronavirus emerged in late
December 2019, thus causing the ongoing worldwide corona-
virus disease 2019 (COVID-19) pandemic, now named SARS-CoV
-2, which quickly attracted global attention due to the increas-
ing number of SARS-CoV-2 positive people [1]. The most com-
mon symptoms in patients with infection are fever, cough,
myalgia and fatigue, while the uncommon symptoms include
headache, dysgeusia, anosmia, skin lesions and gastrointestinal
symptoms, etc, and even dyspnea, acute respiratory distress
syndrome, acute heart injury and other symptoms in severe
cases [2-5]. While most people infected with SARS-CoV-2 are
self-limited, it still causes serious loss of life and property world-
wide [6]. As of 20 October 2021, the number of confirmed cases
and deaths reported worldwide has reached 242,345,319 and
4,925,899, respectively, and the number continues to grow [7].

Currently, the therapeutic drug efficacy of COVID-19 is still
debating [8]. The urgent need to identify effective interven-
tions to treat novel coronavirus infections is a major challenge.
To date, the commonly used antiviral drugs in clinical practice

are hydroxychloroquine (HCQ), chloroquine, lopinavir/ritonavir
(LPV/RTV), and remdesvir, among others; despite a large num-
ber of clinical trials evaluating the efficacy of several drugs
against novel coronavirus, none have successfully shown good
results of effective treatment [8,9].

RNA-dependent RNA polymerase (RdRp) plays a central role
in the replication and transcriptional cycle of SARS-CoV-2, and
docking studies have shown that antiretroviral drugs may be
potential drugs for the treatment of COVID-19, especially favipir-
avir (FVP), chemically known as 6-fluoro-3-hydroxy-2-pyrazine-
carboxamide, which selectively inhibits the RNA polymerase
activity of the virus by binding to RdRp, was used in Japan in
2002 to treat influenza [10-16]. It has been considered as a safe
and effective drug for the treatment of influenza and Ebola and
was suggested by the National Health Commission of the
People’s Republic of China as one of the treatment modalities
for SARS-CoV-2 patients because of its potential efficacy [8,17-
20]. On 13 February 2020, FVP tablets were approved by the
Chinese FDA (batch number: 2020L00005) for clinical trials of
COVID-19. Cytological studies have shown that FVP can
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effectively inhibit VeroE6 cell (ATCC-1586)-induced SARS-CoV-2
infection, and FVP has been demonstrated to have activity
against SARS-CoV-2 in vitro [21]. Recently, published animal
experiments have demonstrated that it also has anti-SARS-CoV
-2 activity in vivo [22,23].

Some meta-analyses have examined the efficacy and safety
of FVP in the treatment of COVID-19, but they have the
limitations of small sample size and lack of randomization of
the sample [24-26]. Therefore, this paper will analyze FVP from
two aspects, effectiveness and safety, to provide a more rea-
sonable, effective and safe evidence-based basis for rational
clinical drug use.

2. Patients and Methods
2.1. Protocol and registration

This is a systematic review and meta-analysis. We registered
the protocol in the International Prospective Register of
Systematic Reviews (PROSPERO) (CRD42021256322).

2.2. Search strategy

Both international (PubMed, EMBASE, Cochrane Library, Web
of Science, and Clinicaltrials.gov) and Chinese (CNKI, CBM,
Chinese Journal Net, and WanFang) databases were searched
by three researchers (WSD, CYY, SSY) independently from their
start dates to 2 May 2021, using the search terms as follows:
2019 novel coronavirus’ OR ‘COVID-19 OR’ OR ‘SARS CoV-2'OR
2019-nCoV’ and favipiravir OR Avigan. The final PubMed
search strategy can be found in Supplementary Table S1.
Reference lists of review articles and original studies were
manually searched to identify additional reports. No language
was restricted in the search.

2.3. Inclusion criteria of the meta-analysis

The inclusion criteria for this meta-analysis were formulated
based on the PICOS acronym. Participants: Patients with
SARS-CoV-2 diagnosed according to international or local
diagnostic criteria, such as the Chinese diagnosis and treat-
ment plan of COVID-19 patients (The sixth edition) and the
WHO interim guidelines case definitions (WHO/2019 nCoV/
Surveillance Case Definition/2020.1). Intervention: FVP with
treatment as usual. Comparison: The standard of care (SOQ),
including other antiviral drugs or other treatment methods.
Outcomes: The primary outcome was Percent Negative
Reverse Transcriptase Polymerase Chain Reaction on Day 7,
10 and 14, calculated from the start of medication; the
secondary outcomes were hospital stay, rate of need for
oxygen support or mechanical ventilation, incidence of ICU
transfer, all-cause mortality, adverse effects that were seen
during the treatment and incidence of most common types
of adverse reactions (hepatic function abnormal, blood uric
acid increased and gastrointestinal Reactions). Study: Only
published randomized controlled trials and controlled clinical
trials were included. Case reports, reviews, protocols, in vitro
studies, and retrospective studies were excluded.

2.4. Data extraction and quality assessment

Relevant data of eligible studies were extracted by three
independent researchers (WSD, CYY, SSY), including study
characteristics (such as study design, first author, geographical
location, publication year), basic demographic and clinical
data (such as disease severity, age, gender, drug name and
dosage regimen) and outcomes (efficacy and safety of FVP).
Discrepancies in data extraction were resolved through con-
sensus or referral to a senior researcher (JSC).

2.5. Statistical analyses

The random-effects model was adopted for all meta-analyzable
results [27]. Meta-analyses were conducted using RevMan 5.4
according to the recommendations of the Cochrane
Collaboration [28]. The weighted mean difference (WMD) and
95% confidence interval (Cl) were calculated for continuous
variables. The risk ratios (RRs) and 95% confidence intervals
(Cls) were calculated for categorical variables. A P value for
Q test < 0.1 or I* > 50% was defined as significant heterogeneity.

In the case of I* > 50% for percent negative reverse transcrip-
tase polymerase chain reaction, we performed a sensitivity ana-
lysis to detect sources of heterogeneity after the removal of
a nonrandomized study. In addition, the following three analyses
were performed to detect the source of heterogeneity of the
primary outcome: (i) Chinese vs. non-Chinese studies; (ii) mild to
moderate disease studies vs. severe disease studies; and (iii)
control group including HCQ vs. control group not including
HCQ. Except for mortality, none of the other META analysis
results detected publication bias by visual funnel plots because
the sample size of the included articles was less than 10, which is
of little significance [29].

2.6. Assessment of study quality

The risk of bias in the included studies was assessed by three
independent researchers (WSD, CYY, SSY) using the Cochrane
tool for analyzing the risk of bias [30]. The overall level of
evidence for all meta-analytic results was evaluated using the
Grading of Recommendations, Assessment, Development, and
Evaluation (GRADE) system [31,32].

2.7. Ethics approval and Informed consent statements

As all analyses were based on previous published studies, no
ethical approval or patient consent was required.

3. Results
3.1. Computer search

A total of 530 hits (Figure 1) were obtained from the database
(n = 525) and manual search (n = 5). After removing 146
duplicates, 384 studies were screened. A total of 324 studies
were excluded after title and abstract screening, and the full
texts of 60 studies were then evaluated for eligibility. Finally,
13 studies were included in this meta-analysis, and a total of
47 articles were excluded for definite reasons (Figure 1) [33-
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Figure 1. Flow chart of literature search and study selection.
This figure described the route of study inclusion

45]. It is important to mention that two of the studies marked
by a and b are different studies with the same first author and
published in the same year, such as Dabbous et al. (2021a) and
Dabbous et al. (2021b) [37,38].

3.2. Study characteristics

The 13 studies included 12 randomized controlled trials, cover-
ing 1430 patients, including 980 patients with mild to moder-
ate disease and 450 patients with severe disease. Of the 13
studies, 5 were in China, 3 in Russia, 2 in Egypt, 1 in India, and
1 each in Iran and the Sultanate of Oman. Basic information of
the included study is shown in Table 1.

3.3. Quality assessment of included study

Of the 13 studies, only 1 study was nonrandomized, and 5 studies
did not report the method of randomization in detail, all of which
were open-label except for Dabbous et al. [37]. The risk of bias
summary, risk of bias graph and the quality of evidence for
primary and secondary outcomes using the GRADE approach are
reported in Supplementary Figure S1 and Supplementary
Table S2.

3.4. The results of the meta-analysis

3.4.1. Percent negative reverse transcriptase polymerase
chain reaction on days 7, 10 and 14

The results of the meta-analysis showed that viral clear-
ance at day 10 after initiation of treatment was signifi-
cantly higher in the FVP group than in the comparator
group [RR: 1.13 (95% Cl: 1.00, 1.28), P = 0.04; I = 39%].
Viral clearance was higher in the FVP group than in the

control group on days 7 and 14 after initiation of treat-
ment, but it was not statistically significant [RR: 1.27 (95%
Cl: 0.89, 1.80), P = 0.18; I> = 65% for day 7 and RR: 1.14
(95% CI: 0.99, 1.29), P 0.06; 1> = 51% for day 14]
(Figure 2A).

There was a reduction in heterogeneity of viral clearance
on days 7 and 14 [RR: 1.08 (95% ClI: 0.81, 1.45), P = 0.58;
12 = 33% for day 7 and RR: 1.09 (95% Cl: 0.94, 1.27), P = 0.24;
I = 50% for day 14] (Supplementary Figure S2) after 1 non-
randomized study was removed, but it was still not statistically
significant. Among the 3 subgroup analyses, the meta-analysis
results of 4 small groups were statistically significant: non-
Chinese studies [RR: 1.13 (95% ClI: 1.00, 1.28), P 0.04;
12 = 39% for day 10 and RR: 1.10 (95% Cl: 1.01, 1.21),
P = 0.03; I = 0% for day 14]. Mild to moderate disease studies
[RR: 1.13 (95% Cl: 1.00, 1.28), P = 0.04; 1> = 39% for day 10 and
RR: 1.16 (95% Cl: 1.04, 1.30), P = 0.008; I* = 38% for day 14]
(Table 2). Similarly, there was no significant change after sen-
sitivity analysis for subgroup analyses.

3.4.2. Hospital stay

In mild-to-moderate studies, FVP was significantly superior to
the control group in reducing the length of hospital stay [MD:
—-1.52 (95% Cl: —2.82, —0.23), P = 0.02; 1> = 0%] but not in
severe disease studies [MD: 0.04 (95% Cl: —0.83, —0.92),
P = 0.92; I* = 0%)] (Figure 2B).

3.4.3. Rate of need for oxygen support or mechanical
ventilation

No significant differences were found regarding the rate of
need for oxygen support or mechanical ventilation [RR: 1.06
(95% Cl: 0.72, 1.56), P = 0.78; I* = 36%] (Figure 3A).
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Table 1. Summary characteristics of the included studies.

Number
of Mean Sex:
Study patients age: years  Male Disease
(country) Study Design (1710 (range) (%) severity Intervention Control Reference
Chen et al. RCT 116/120  Unclear 1:50.9 Moderate FVP (1600 mg, twice the first day  Arbidol (200 mg, three times daily) [36]
(China) (>18) C425 to critical followed by 600 mg, twice daily, plus standard of care for 7 days
for the following days plus
standard care for 7 days
Khamis et al. RCT 44/45 1:54.0 I: 640 Moderate  FVP 1600 mg on day 1 followed by The standard arm included the [40]
(The C:56.0 C to severe 600 mg twice a day for care based on the national
Sultanate (18- 64.0 a maximum of 10 days and guidelines that had HCQ 400 mg
of Oman) 75) interferon beta-1 at a dose of twice per day on the day 1, then
8 million IU (0.25 g) twice a day 200 mg twice per day for 7 days.
was given for 5 days through
a vibrating mesh aerogen
nebulizer (Aerogen Solo)
Dabbous RCT 44/48 1:34.9 I: 455  Mild to FVP 1600 mg BID on the first day Chloroquine 600 mg tablets BID [37]
et al. C:36.1 C moderate  and 600 mg bid from the day2-  added to the standard-of-care
(Egypt) (18- 52.1 10, added to the standard-of- therapy for 10 days
80) care therapy for 10 days
Dabbous RCT 50/50 1:36.3 1:50.0 Mild to FVP 3200 mg at day 1 followed by HCQ 800 mg at day 1 and 200 mg [38]
et al. C:36.4 C moderate 600 mg twice (day 2-day 10) twice (day 2-10) and oral
(Egypt) (18- 50.0 oseltamivir 75 mg/12 h/day for
80) 10 days
Zhao et al. RCT 7/5 1:70.0 I: 71.40 Moderate FVP 1600 mg, twice a day on the Tocilizumab, the first dose was [45]
(China) C:71.0 C to severe first day, and 600 mg, twice 4 — 8 mg/kg (recommended
(>18) 60.0 a day from the second day to 400 mg) and added to 100 mL
the seventh day, orally. After 0.9% normal saline (intravenous
seven days of treatment with infusion time should be more
FVP, the researchers decided than 1 h). For patients with
whether to continue to use FVP fever, if there was still fever
according to the specific within 24 h after the first used,
conditions of the subjects it should be used once more
(the dose was the same as
before).
Zhao et al. RCT 36/19 1:55.8 1:444  Moderate FVP 1600 mg, twice a day on the Patients assigned to the control [44]
(China) C:55.5 C47.4 first day, and 600 mg, twice group received drugs other than
(28~ a day from the second day to favipiravir and treatment
79) the seventh day, orally. After according to the needs of the
seven days of treatment with disease.
FVP, the researchers decide
whether to continue to use FVP
according to the specific
conditions of the subjects
Ivashchenko RCT 40/20 Unclear  Unclear Moderate  AVIFAVIR 1600 mg BID on Day 1 SOC according to the Russian [39]
et al. (>18) followed by 600 mg BID on Days  guidelines for treatment of
(Russia) 2-14 (1600/600 mg), or COovID-19
AVIFAVIR 1800 mg BID on Day 1
followed by 800 mg BID on Days
2-14 (1800/800 mg)
Balykova RCT 100/100 1:49.7 1:51.0  Moderate FVP was 1600 mg twice a day on  Standard of Care will be prescribed [33]
et al. C:49.7 C51.0 the 1st day and 600 mg twice in accordance with the
(Russia) (18- a day on days 2-14 recommended treatment
80) regimens presented in the
Russian guidelines for the
prevention, diagnosis and
treatment of COVID-19
according to the decision of the
Investigator
Balykova RCT 17/22 1:47.2 Unclear Moderate FVP was 1600 mg twice a day on  Twelve patients (54.5%) received [34]
et al. C:47.5 the 1st day and 600 mg twice a combination of HCQ and
(Russia) 21- a day on days 2-14 Azithromycin as an antiviral
73) therapy, 8 patients (36.4%) —

HCQ (monotherapy),2 patients
(9.1%) -LPV/RTV. The dosage
regimen was the following: for
HCQ, it was 800 mg on the
first day (400 mg twice a day);
then, 400 mg/day (200 mg twice
a day) for 2-7 days; for
Azithromycin, 500 mg once

a day for 5 days; for LPV/RTV,
400 mg+100 mg orally every
12 hours for 14 days.

(Continued)
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Number
of Mean Sex:
Study patients age: years  Male Disease
(country) Study Design (1/Q) (range) (%) severity Intervention Control Reference
Solaymani- RCT 153/147 1:58.6 1:60.5 Moderate  FVP 1600 mg stat and then HCQ 400 mg followed by [42]
Dodaran C:56.6 C:49.2  to severe 600 mg every 8 h plus HCQ 100 + 400 LPV/RTV twice a day
et al. (16— 200 mg twice a day for 1 week for 1 week.
(Iran) 100)
Cai et al. Open label 35/45 1:43.0 [:40.0  Mild to FVP (Day 1: 1600 mg twice daily;  LPV/RTV (Days 1-14: 400 mg/ [35]
(China) controlled C:49.0 C:46.7 moderate Days 2-14: 600 mg twice daily) 100 mg twice daily) plus IFN-a
study (16— plus interferon (IFN)-a by by aerosol inhalation (5 million
75) aerosol inhalation (5 million U twice daily)
U twice daily)
Lou et al. RCT 9/10 1:58.0 1:77.7  Severe FVP was used in combination with Continue the existing antiviral [41]
(China) C:46.6 C:70.0 the existing antiviral treatment. treatment. The existing antiviral
Unclear The first dose was 1600 mg or treatment included LPV/RTV
2200 mg orally, followed by (400 mg/100 mg, bid, po.) or
600 mg each time, three times darunavir/cobicistat (800 mg/
a day, and the duration of 150 mg, qd, po.) and arbidol
administration was not more (200 mg, tid, po.). All of them
than 14 days All of them were were used in combination
used in combination with with interferon-a inhalation
interferon-a inhalation (100,000 (100,000 iu, tid or qid).
iu, tid or qgid).
Udwadia RCT 72/75 1:43.6 1:70.8  Mild to FVP (1800 mg BID loading dose Standard supportive care alone [43]
et al. C:43.0 C:76.0 moderate on day 1; 800 mg BID that included antipyretics,
(India) (18- maintenance) plus standard cough suppressants, antibiotics,
75) supportive care for up to and vita-mins

a maximum of 14 days

RCT, randomized controlled trial; FVP, favipiravir; LPV, lopinavir; RTV, ritonavir; HCQ, hydroxychloroquine

3.4.4. Transferred to ICU

No significant differences were found regarding the incidence
of ICU transfer [RR: 0.96 (95% Cl: 0.43, 2.15), P = 0.93; I* = 58%)]
(Figure 3B).

3.4.5. Mortality

No significant differences were found regarding mortality [RR:
1.11 (95% Cl: 0.68, 1.80), P = 0.68; 1> = 0%)] (Figure 3Q), neither
in mild to moderate studies nor in severe studies. Publication
bias was not observed by visual funnel plots (Supplementary
Figure S3).

3.4.6. Adverse events
No significant differences were found regarding the incidence
of adverse effects that were seen during the treatment [RR:
1.11 (95% Cl: 0.67, 1.85), P = 0.69; I* = 73%)] (Figure 3D).
Compared with the control group, almost all adverse
reactions in the FVP group were mild and moderate. In the
results of the meta-analysis, except for significantly elevated
blood uric acid levels [RR: 4.65 (95% ClI: 1.88, 11.51),
P = 0.0009; I = 0%], abnormal liver function and gastroin-
testinal reactions were not statistically significant
(Supplementary Figure S4).

4. Discussion

Although FVP has shown good promise and many studies
have suggested them as a treatment modality for patients
with SARS-CoV-2, there are still no social and organizational
guidelines recommending the use of FVP in the management
of COVID-19 [17,18,46,47]. Therefore, this study analyzed FVP

from three aspects, efficacy, safety and systematic review, to
provide a basis for future clinical decision-making, as follows.

(i) In terms of efficacy, this meta-analysis found that in
patients with mild to moderate disease, patients taking
FVP had significantly higher viral clearance on day 14
after initiation of treatment than patients taking other
drugs, but this difference was not statistically signifi-
cant on day 7, which may be related to the insufficient
therapeutic dose and course of treatment of FVP. In
another meta-analysis, Shrestha et al. reported that
there was no significant difference in viral clearance
between FVP patients at 7 and 14 days after initiation
of treatment, which we hypothesized may be related
to the insufficient number of studies and the small
sample size included in the meta-analysis by Shrestha
et al. [26].

Our meta-analysis found that mild-to-moderate patients
taking FVP had significantly shorter hospital stays than
patients taking other drugs. Balykova et al. reported a 4-day
reduction in the mean length of hospital stay for patients
taking FVP compared to patients in the control group but
did not include this meta-analysis of the length of hospital
stay because the study did not report a corresponding stan-
dard deviation [33]. Hassanipour et al., in a recently published
meta-analysis, showed that patients in the FVP group had
a significant clinical improvement compared to the control
group at 7 days after initiation of treatment, and within
14 days, the clinical improvement rate in the FVP group was
10% higher than that in the control group, but it was not
statistically significant [48].
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a

Experimental SOC or other antiviral Risk ratio Risk ratio
Study or subgroup Events  Total Events  Total Weight M-H, Random, 95% Cl M-H, Random, 95% ClI
1.11.1 Day 7
Hany M. Dabbous 2021b 24 50 27 50 4.0% 0.89 (0.60, 1.31) —
Ivashchenko 2020 (1) 25 40 6 20 1.4% 2.08 (1.02, 4.24) _—
Qingxian Cai 2020 (2) 26 35 17 45 3.4% 1.97 (1.29, 3.00) _—
Yan Lou 2021 4 9 5 10 0.8% 0.89 (0.34,2.32)
Zarir F. Udwadia 2021 45 72 44 75 7.0% 1.07 (0.82, 1.38) _—
Subtotal (95% CI) 206 200 16.5% 1.27 (0.89, 1.80) —~
Total events 124 99
Heterogeneity: Tau? = 0.09; Chi? = 11.17, df = 4 (P = 0.02); I? = 64%
Test for overall effect: Z = 1.33 (P = 0.18)
1.11.2 Day 10
Hany M. Dabbous 2021b 32 50 35 50 6.5% 0.91(0.69, 1.20) _—
Ivashchenko 2020 37 40 16 20 7.9% 1.16 (0.91, 1.46) —
L. A. Balykova 2020a 98 100 80 100 15.5% 1.23 (1.11, 1.36) ——
Zarir F. Udwadia 2021 54 72 51 75 9.3% 1.10 (0.90, 1.35) —
Subtotal (95% Cl) 262 245 39.2% 1.13 (1.00, 1.28) .
Total events 221 182
Heterogeneity: Tau? = 0.01; Chi? = 4.90, df = 3 (P = 0.18); I = 39%
Test for overall effect: Z=2.03 (P = 0.04)
1.11.3 Day 14
Hany M. Dabbous 2021b 47 50 44 50 14.0% 1.07 (0.94, 1.21) +—
Hong Zhao 2021b (3) 29 36 10 19 3.0% 1.53 (0.97, 2.41) —
Qingxian Cai 2020 (4) 33 35 33 45 9.8% 1.29 (1.0, 1.56) —_—
Yan Lou 2021 7 9 10 10 4.0% 0.79 (0.54, 1.15) e
Zarir F. Udwadia 2021 66 72 60 75 13.4% 1.15(1.00, 1.31) ——
Subtotal (95% CI) 202 199 44.3% 1.13 (0.99, 1.29) o
Total events 182 157
Heterogeneity: Tau? = 0.01; Chi? = 8.23, df =4 (P = 0.08); I?’=51%
Test for overall effect: Z=1.87 (P = 0.06)
Total (95% CI) 670 644 100.0% 1.14 (1.05, 1.24) <o
Total events 527 438
Heterogeneity: Tau2 = 0.01; Chi? = 23.60, df = 13 (P = 0.04); I = 45% t t t t
Test for overall effect: Z = 3.05 (P = 0.002) 0.5 0.7 1.0 15 20
Test for subgroup differences: Chi? = 0.38, df = 2 (P = 0.83); 12 = 0% Favors favipiravir Favors SOC

b
Experimental SOC or other antiviral Mean difference Mean difference

Study or subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% ClI M-H, Random, 95% ClI
1.12.1 Mild to moderate
Hany M. Dabbous 2021a 13.29 586 44 15.89 475 48 14.0%  -2.60(-4.79,-0.41) —
Hany M. Dabbous 2021b 1.5 53 50 12.4 55 50 14.9% -0.90 (-3.02, 1.22) _
Zarir F. Udwadia 2021 9 6.35 70 10 8.33 68 11.3% -1.00 (-3.48, 1.48) _
Subtotal (95% ClI) 164 166  40.2%  -1.52(-2.82,-0.23) i
Heterogeneity: Tau? = 0.00; Chi? = 1.43, df = 2 (P = 0.49); I = 0%
Test for overall effect: Z=2.30 (P = 0.02)
1.12.2 Severe
Faryal Khamis 2021 7.7089 6.1309 44 7 6.1264 45 10.8% 0.71(-1.84, 3.26) B
Masoud Solaymani-Dodaran 2021  6.6487 3.742 153  6.7026 4.4913 150 48.8% -0.05 (-0.99, 0.88) ——
Yan Lou 2021 19.9467 27.9898 9 15 154801 10 02%  4.95(-15.70, 25.60)
Subtotal (95% Cl) 206 205 59.8% 0.04 (-0.83, 0.92) P
Heterogeneity: Tau? = 0.00; Chi? = 0.52, df = 2 (P = 0.77); > = 0%
Test for overall effect: Z=0.10 (P = 0.92)
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Figure 2. Forest plot for Favipiravir in COVID-19.

Favors favipiravir Favors SOC

(a) Forest plot for negative percentage of RT-PCR.On day 10 after initiation of treatment, viral clearancewas significantly higher in the FVP group than in the control group. It should be
mentioned that the study data of Ivashchenko 2020 and Cai 2020 were replaced by Day 5 and Day 8, respectively, instead of Day 7. Similarly, study data for Zhao 2021b and Cai 2020
replaced Day 14 with Day 30 and Day 16, respectively; (b) Forest plot for hospital stay. In mild-to-moderate studies, FVP was significantly superior to the control group in reducing the

length of hospital stay. Abbreviations: FVP, Favipiravir; SOC, the standard of care.

Our study found that there was no significant difference in
patients receiving FVP compared with the control group in
terms of the need for supplemental oxygen and mechanical
ventilation. This conflicts with the conclusion that patients
receiving FVP had less need for oxygen and mechanical venti-
lation reported by Shrestha et al. in a previous meta-analysis,

which we hypothesized may be related to the insufficient
number and small sample size of studies included in the meta-
analysis by [26].

In addition, our study found that the incidence of ICU
transfer was lower in patients taking FVP than in controls,
but this difference was not statistically significant. In terms of



Table 2. Subgroup analyses of percent negative reverse transcriptase polymerase chain reaction on day 7, 10 and 14 after initiation of treatment.
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all-cause mortality, the FVP group had a decrease in mild to
moderate patients compared with the control group, but it
was not statistically significant, and in severe patients, the FVP
group had an increase compared with the control group, but
it was also not statistically significant. We speculated that this
may be related to the underlying diseases of the patients, such
as hypertension and diabetes.

(i) In terms of safety, this meta-analysis found that FVP
had tolerable safety in terms of overall and serious
adverse reactions compared with other drugs used for
short-term treatment, with the most common reactions
being gastrointestinal, such as nausea, diarrhea, elevated
transaminases, elevated blood uric acid, etc., which was
consistent with the conclusion of a review article [8].
However, the increase in serum uric acid is still
a concern, and overall, more research evidence is still
needed to prove the efficacy and safety of long-term
medication with FVP.

As the drug most frequently appearing in the control group
of included studies, HCQ was initially applied to the treatment
of COVID-19 because of its potential benefit of attenuating the
cytokine storm observed in moderate or severe COVID-19
forms and mitigating unfavorable outcomes, however, there
is controversy regarding its efficacy and safety in the treat-
ment of patients with COVID-19 [49]. Several studies have
demonstrated that HCQ and azithromycin, alone or in combi-
nation, prolong the QTc interval, which can easily lead to
myocarditis, a very common complication after infection with
SARS-CoV-2 [50-54]. Balykova et al. reported that QTc prolon-
gation was observed on the fifth day of treatment in 36.4% of
patients taking HCQ relative to the FVP group [34]. No other
studies were found to have QTc prolongation in the HCQ
group in our included studies, so the corresponding meta-
analysis was not performed. Further studies are expected to
find evidence of whether FVP has better cardiac safety
than HCQ.

(i) In viral infections, natural killer (NK) cells, as part of
the human immune system, are important front-line
reactors for humans to resist viral infections [55,56].
However, NK cells may be a double-edged sword in the
treatment of COVID-19, as it is one of the culprits in the
development of cytokine storm syndrome, one of the
most common causes of death in a new crown pneumo-
nia [57,58]. In a recently published study, Reynard et al.
applied FVP to treat Ebola virus in non-human primates
and concluded that the reduction of viral load by FVP in
early treatment is associated with a reduction in the
release of related cytokines including NK cells, greatly
reducing the incidence of developing cytokine storms,
thereby reducing disease severity [59]. Interestingly, Ferri
et al. reported a significant rate of SARS-CoV-2 infection
in patients with autoimmune systemic diseases com-
pared to the general population, but these patients
tended to have relatively benign outcomes after diagno-
sis of COVID-19, possibly because such patients are
themselves taking immunosuppressive agents (e.g.
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Figure 3. Forest plot for Favipiravir in COVID-19.

(a) Forest plot for rate of need for oxygen support or mechanical ventilation; (b) Forest plot for transferred to ICU; (c) Forest plot for mortality; (d) Forest plot for adverse events. No
significant differences were found regarding the above four outcome measures. Abbreviations: FVP, Favipiravir; SOC, the standard of care



HCQ), thereby reducing the risk of cytokine storm syn-
drome [60]. This seems to mean that antiretroviral drugs
combined with immunosuppressive agents may have
better efficacy for COVID-19, and in a clinical randomized
controlled trial, Zhao et al. reported that patients in the
FVP plus tocilizumab group had better efficacy in
improving pulmonary inflammation and inhibiting dis-
ease worsening than those in the FVP group, but it still
needs to be further verified by clinical trials with large
samples [45].

As another drug with potential efficacy, remdesivir is the
first drug approved by the US Food and Drug
Administration (FDA) for the treatment of COVID-19, and
even if study claimed that FVP has higher viral clearance
than remdesivir, further clinical trials are needed to prove it
[61]. Unfortunately, there are no published controlled trials
of FVP versus remdesivir in the treatment of COVID-19, thus
related meta-analysis cannot be performed. It is worth men-
tioning that orally available FVP is superior to remdesivir
requiring intravenous injection in both economy and avail-
ability, which facilitates administration at home by patients
with SARS-CoV-2 diagnosed, especially those with concomi-
tant immunodeficiency (such as chronic inflammatory
immune-mediated diseases), which has a positive impact
on early clearance of the virus and on disease transmission
in the community [60,62].

Overall, although our study found no benefit of FVP in severe
patients, it also showed that FVP has a significant correlation with
viral clearance and promotion of clinical improvement in mild-to-
moderate patients, which is significant for reducing the length of
hospital stay, reducing the risk of severe outcome, and thereby
reducing mortality, while shortening the time to viral shedding
can also have an epidemic impact by reducing transmission to
household contacts. As an effective oral antiviral drug, FVP not
only facilitates patients with mild-to-moderate disease to take as
early as possible, but is also expected to improve patient com-
pliance and reduce the burden on already strained healthcare
systems. However, the results shown that FVP does not have any
benefit in severe patients, and we speculated that patients who
come to seek care during epidemics may arrive too late after the
onset of symptoms, with already have a massive viral load, so
antiviral drugs cannot significantly counteract the progression of
the disease, and therefore, taking FVP is more effective in early
patients with lower viral loads, but its efficiency decreases if
dosing is delayed after the onset of the disease.

There are some limitations to the included studies. Most
studies simply described the randomization method as ‘random,’
did not determine whether its randomization method was
appropriate, and were open-label, readily leading to selection
bias. In the included studies, in some studies, the intervention
group used other drugs in combination with FVP, such as inter-
feron atomization inhalation, and a small number of studies used
FVP with different doses and durations, which may have risks
affecting the efficacy and safety of FVP. In addition, it is difficult to
distinguish the tolerance of patients of different ages to the drug,
and the medical conditions vary with study, which will cause
certain bias in the study results. Overall, the results of this study
need to be validated and refined by more large-scale prospective
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double-blind randomized controlled trials with strict designs and
long-term follow-up.

5. Conclusions

In summary, FVP has a positive effect on viral clearance and
a slightly shorter hospital stay in patients with mild-to-
moderate COVID-19, which is important to reduce the risk of
patients progressing to severe disease. However, more impor-
tantly, the results of this study showed no benefit of FVP in
severe patients, and caution should be taken regarding the
treatment options of FVP in severe patients with COVID-19.
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