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ARTICLE INFO ABSTRACT

Keywords: Background: The novel coronavirus disease, commonly called COVID-19, has already killed millions of lives. Our

Bangladesh study aimed to identify a safe and right drug for the management of such globally threatened COVID-19.

COYI]?-l? Methods: This preliminary double-blinded randomized controlled trial was done among 57 hospitalized COVID-

fr?f‘::lcptlif)?slrdisease 19 patients in the early stage of their illness. Of them, 29 patients received Favipiravir (FVP) and the remaining

SARS-CoV-2 28 patients received a placebo under the standard of care. Among the patients, 4 from Favipiravir (FVP) group
and 3 from the placebo group were discontinued. The patients were observed regularly for a period of 10 days.
Result: In our study, the FVP treated group showed accelerated viral clearance compared to the placebo-treated
group. Assessment of chest X-ray showed remarkable improvement of pheumonia patient in group A compared to
Group B. Hematological and Biochemical parameters such as total WBC count, neutrophil and lymphocyte counts
were examined. No significant differences in the hematological parameters such as WBC count, neutrophil and
lymphocyte counts in Group A and Group B patients. Liver transaminases levels were also stable in FVP treated
group (average ALT ranges 39.4-46.2; AST 28.2-32.8).
Conclusion: The drug Favipiravir displayed remarkable improvements in the clinical conditions and recovery of
COVID-19 patients at the early stages of their infections.

Introduction than 132 million infected cases were reported, and about 2.8 million

A recent outbreak of a highly contagious viral disease called COVID-
19 was caused by the novel coronavirus. This modified form of coro-
navirus was first detected in Wuhan, China at the end of 2019, and was
labeled as severe acute respiratory syndrome coronavirus 2 (SARS CoV
2) (Lu et al., 2020). The clinical features of COVID-19 include respira-
tory symptoms (cough, dyspnea, phlegm, runny nose, chest tightness),
fever, headache, anosmia, fatigue, diarrhea, nausea, vomiting, and
pneumonia (Wang et al., 2020; Huang et al., 2020). Some patients also
noticed septic shock, acute respiratory distress symptoms (ARDS),
metabolic dysfunctions, and coagulopathy in the severe stage (Zhou
et al., 2020; Weiss and Murdoch, 2020). By Worldometer (2021) more
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deaths were recorded across the world (Worldometer, 2021). On March
11, 2020, the World Health Organization (WHO) declared COVID-19 a
pandemic and a worldwide public health emergency due to its rapid
transmission and severity of symptoms including a higher risk of mor-
tality (Cucinotta and Vanelli, 2020). This outbreak has also adversely
affected education, economy, food security, and other activities glob-
ally, posing a threat to achieving the sustainable development goals
(SDGs) (Hossain et al., 2021; Nicola et al., 2020; Leal Filho et al., 2020).

Considering this catastrophe, stopping the spread of the disease and
treating the affected people has become an indispensable task to save
lives and resume usual life. Scientists predict that an effective and safe
vaccine or drugs can exterminate this invisible enemy and restore a
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normal lifestyle in the world. However, vaccine or drug development is a
lengthy process that needs continuous efforts for several years. There-
fore, it is urgently warranted to identify any existing effective antiviral
agents that can combat this virus. Many researchers recommend that
exploration of drugs through observing clinical effects can be a wise
attempt to identify the right drugs against COVID-19 (Hossain and
Rahman, 2021; Alam et al., 2021). Several antiviral therapies such as
Remdisivir (RSV), Interferon (IFN), Favipiravir (FPV), and Lopinavir
(LPV)/ritonavir (RTV) are already being investigated against SARS-CoV-
2 and several clinical trials are underway in different countries (Li and
Clercq, 2020; NIH US, 2020).

Favipiravir is an antiviral prodrug developed by the Japanese com-
pany “Fujifilm Toyama Chemical” usually used against the influenza
virus (Furuta et al., 2013). It was also applied for the treatment of Ebola
and other RNA viruses (Nagata et al., 2015; Delang et al., 2018; Sleeman
et al., 2010). Interestingly, it was observed that, FPV can effectively
inhibit the SARS-CoV-2 infection in Vero E6 cells (half-maximal effec-
tive concentration (EC50) = 61.88 pmol, half-maximal cytotoxic con-
centration (CC50) > 400 pmol, and selectivity index (SI) > 6.46) (Wang
et al., 2020). Moreover, in an open-label study in China against mild to
moderate COVID-19 patients, FPV along with Interferon-a (IFN-a) was
found to accelerate the viral clearance compared to lopinavir (LPV),
ritonavir (RTV), and IFN-a in the control arm (Cai et al., 2020).

One of the studies showed that around 80% of COVID-19 patients
faced mild to moderate acute respiratory distress syndrome (ARDS)
(Roser et al., 2020). A study depicts that due to an extensive viral
replication among co-morbid patients, they developed severe ARDS,
thus increasing the risk of death (Callender et al., 2020). However, to the
best of our knowledge, there has been no specific clinical trial on FPV in
Bangladesh. Hence, the authors felt the necessity to conduct a study on
FPV to see the efficacy and effectiveness against the consequences of
globally threatened COVID-19.

Methods
Ethical consideration and study approval

Ethical approval was taken from Bangladesh Medical Research
Council after properly explaining the purpose and procedure. Similarly,
the study approval was obtained from the Directorate General of Drug
Administration and the Directorate General of Health Services of
Bangladesh. Along with this effort, this study is also registered at NIH,
US National Library of Medicine at ClinicalTrail.gov and has the regis-
tration no: NCT04402203. Having ethical and clinical approval, we took
written consent from each of the respondents after sharing the study
purpose.

Sample collection and diagnostic process

We collected nasopharyngeal swabs following the appropriate sam-
ple collection procedure for the COVID test using RT-PCR. Viral ribo-
nucleic acids (RNAs) were extracted from the respiratory samples using
the QIAamp Viral RNA Kit (Qiagen, Heiden, Germany) using a com-
mercial kit specific for SARS-CoV-2 detection (A*Star Fortitude Kit 2 for
COVID-19 Detection, Singapore). Similarly, the other related samples
were collected and tested following appropriate methods.

Study setting and study population

This preliminary double-blinded randomized controlled trial (RCT)
study was conducted among COVID-19 patients admitted to four hos-
pitals in Dhaka city, Bangladesh from May 2020 to July 2020. The
hospitals were Mohanagar General Hospital, Mugda Medical College
Hospital, Kurmitola General Hospital, and Dhaka Medical College Hos-
pital. These are the reputed government hospitals from where people
have been receiving general health services for a long time. However,
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following the government guidance, these hospitals have also been
ensuring COVID-19 services from the beginning of the epidemic in
Bangladesh. The services include COVID-19 screening, diagnosis,
confirmation, isolation, treatment, follow-up tests, and evaluation of
treatment outcomes. In the beginning, a total of 126 COVID-19 patients
were selected for the initial screening for this study; and then 66 were
excluded due to RT-PCR negative results. Finally, 50 COVID-19 hospi-
talized patients were enrolled for RCT following the justification of
clinical features and confirmation by RT-PCR. The enrolled patients
were equally divided into two groups, such as the study group and the
placebo group. The study group received FPV plus SoC and was identi-
fied as group A. Similarly, the placebo group received placebo plus SoC
and was identified as group B. Along with socio-demographic and
behavioral factors, the clinical features and diagnostic results were
strictly evaluated with guidelines. Subsequently, post-treatment sur-
veillance was also conducted.

Study procedure

A total of 50 patients were selected following trial criteria and pa-
tient consent. The selected patients’ age range was between 18 and 65
years. For blinding, a statistician who was not involved in the trial did
randomization by a computerized randomization table. Participants
were randomly assigned (1:1) either to receive FVP or a placebo. The
investigators and study participants were masked to subgroup assign-
ments until the study was completed. It was noted that the composition
of the drug and placebo was prepared by Beacon Pharmaceuticals Ltd,
Dhaka, Bangladesh. In this study, Group-A received oral FPV following
recommended dosage twice daily (Pharmaceuticals and Medical Devices
Agency, 2011). Group B received a placebo which was indistinguishable
from FPV following the same dosage, timing, and duration. The
treatment-related other efforts, such as oxygen inhalation, oral or
intravenous rehydration, electrolyte correction, antipyretics, analgesics,
antibiotics, antiemetic drugs, and medication for any concomitant dis-
eases were equally provided. Baseline clinical symptoms and laboratory
findings were monitored and carefully recorded on day O(baseline), and
follow-up was continued on days 4, 7, and 10. The patient’s condition
was also monitored by measuring hematological and biochemical pa-
rameters such as WBC, neutrophil, lymphocyte count, resting blood
sugar, serum uric acid, and serum transaminases. The drug’s adverse
effects such as nausea, vomiting, diarrhea, jaundice, skin rash, anemia,
vertigo, anosmia, and other effects were also carefully monitored
following same-day intervals. The efficacy of the treatment was assessed
by the time of viral clearance and the improvement rate of chest X-rays
on days 4, 7, and 10 compared to the baseline condition (day 0). The
term “Viral clearance” was defined as the presence of two consecutive
negative results with PCR in 24 h.

Inclusion and exclusion criteria

Patients who had symptoms of COVID for at least 7 days, were aged
between 18 and 65 years, and were not pregnant at the time of the study
were included.

Patients who had moderate to severe clinical conditions such as a
resting respiratory rate greater than 30 per minute, oxygen saturation
below 93%, oxygenation index < 300 mmHg, respiratory failure, shock,
organs failure, chronic liver and kidney diseases reaching end-stage,
high serum uric acid level, along with patients at ICU, or patients with
a previous history of allergic reactions to FPV, pregnant and lactating
women, hypertensive patients and patients who were taking calcium
channel blocker were all excluded from this study.

Outcome measure

Patient’s physical improvement with negative test results by RT-PCR
and improvement by X-ray corresponding.



S.M.A. Rahman et al.
Statistical analysis

Statistical Package of Social Sciences (SPSS), IBM version 23 was
used to analyze the relevant data. The value p < 0.05 was considered
significant. The Kaplan-Meier curve presented the cumulative survival
rate. The hazard ratio (HR) between two groups after adjusting for
gender and age was calculated using Cox’s proportional hazards model.

Results

In this study, 66% were male, 32% were smokers and around one-
third were service holders. The mean age of the total participants was
37.75 years. Most of the COVID-19 transmission (42%) occurred from
family members [Table 1]. Among the group A patients, fever was
present in 72%, caugh in 92%, headache, diarrhea and shortness of
breath in 20% each, insomnia in 48%, hypertension and diabetes in 16%
each were observed as baseline symptoms. Group B also had similar
levels of fever, shortness of breath and caugh, but had lower incidence of
headache, diarrhea, insomnia and higher incidence of sore throat at
baseline. We found a comparatively higher reduction of symptoms
among group A than group B on days 4, 7, and 10 respectively. But in
case of headache, shortness of breath and insomnia, a linear increase
was observed among group B participants in later days [Fig. 1]. The X-
ray showed that among the FPV group, patients did not face worsening
pneumonia. Among the pneumonia patients, a remarkable improve-
ments of X-ray findings (47.4%) were noticed in Group A compared to
Group B (no improvement at all) (p = 0.001) after four days of treatment
(Table 2). After seven days of treatment, the chest X-ray of Group A
showed 73.68% improvement compared to 25% improvement found in
Group B (p = 0.009). Finally, 94.7% of patient’s lung condition was
improved in FVP treated group which is significantly higher than that of
the control group (50% improvement; p = 0.006). Half of the drug un-
treated patient’s (eight out of 16) lung condition of Group B remained
constant or worsen [Table 2].

Regarding virus clearance, at day four, 48% patients of FVP group
(12 out of 25 patients) became cle.red from SARS-CoV-2. In contrast,
there was no clearance in the control group. After 7 day of treatment, the
cumulative viral clearance was found to be 76% in FVP group compared
to 37.5% in placebo treated control group (p = 0.005). Total no of pa-
tients became freed from SARS-CoV-2 was 24 out of 25 (96%) which was
significantly higher than that of the control group (13 out of 25; p =
0.001). Total 12 (48%) patients of control group still remained infected
after 10 days of study [Table 3].

Hematological and Biochemical parameters such as total WBC count,
neutrophil and lymphocyte counts, serum alanine aminotransferase
(ALT), aspartate aminotransferase (AST), uric acid, C-reactive protein
(CRP) and resting blood sugar (RBS) were examined in different time

Table 1
Demographic Characteristics of patients. (n = 50, equally divided into two
groups).

Group A Group-B Total (n = p-

50) value

Age in years (Mean + 37.96 + 37.54 + 37.75 + 0.893

SD) 11.45 10.18 10.73

Gender

Male 16 (64.0%) 17 (68.0%) 33 (66.0%) 0.765

Female 9 (36.0%) 8 (32.0%) 17 (34.0%)

Smoking status

Yes 9 (36.0%) 7 (28.0%) 16 (32.0%) 0.540

No 16 (64.0%) 18 (72.0%) 34 (68.0%)

Family contact history

Yes 11 (44%) 10 (40%) 21 (42%) 0.876

No 14 (56.0%) 15 (60.0%) 29 (58%)

Occupation

Service Holder 10 (40%) 9 (36%) 19 (38%)

Others 15 (60%) 16 (64%) 31 (62%)
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intervals of both group and the results were compared with the baseline
values and within groups. There were no significant differences in the
hematological parameters such as WBC count, neutrophil and lympho-
cyte counts in Group A and Group B patients in different time points.
Liver transaminases levels were also stable in FVP treated group
(average ALT ranges 39.4-46.2; AST 28.2-32.8). Although a slight in-
crease of ALT was observed in the control group (mean 39.4 vs 50.5).
There was a slight increase of uric acid level in FVP group compared to
control (mean 8.0 mg/dl vs 6.9 mg/dl). Slightly elevated CRP level did
not change in the study period and the resting blood sugar (RBS) also
remained the same [Table 4]. Culmulative incidence of clinical
improvement was ascertained and recorded by hospital discharge his-
tory by Kaplan-Meier survival curve, and it was observed that by days
11-12, all patients of group A had clinical improvement [Fig. 2]. These
findings indicate the efficacy and effectiveness of FPV on viral clearance.
Adverse effects in drug therapy were noted at several time points (0, 4, 7,
and 10 days) and compared with control group. Nausea was present in
28% in group A and 20% in group B at the baseline, but it was not clear
whether the adverse effects were because of drugs or infection. Nausea
improved slightly faster among group B patients. Diarrhoea was noted
for two patients which was also present before starting the drug and in
control group too. These adverse effects disappeared gradually.
Bleeding, jaundice, skin rash, liver damage, anemia, vertigo and other
notable side effects were not found for FVP treatment. Although two
patients of both groups presented with vertigo at baseline, group A had
no vertigo patients by day 7 [Table 5].

Baseline characteristics of patients and conditions after intervention.
(n = 50 equally divided into two groups).

Discussion

This randomized, double-blinded preliminary placebo-controlled
clinical trial was conducted in mild to moderate COVID-19 patients.
We used antiviral prodrug FVP on COVID-19 patients. This drug has also
been used against influenza and other RNA virus-related diseases
(Nagata et al., 2015; Delang et al., 2018; Sleeman et al., 2010). In this
study, the demographic features and baseline characteristics of both the
study group and the placebo group were almost similar. However, we
found a higher viral clearance among the FPV group than the placebo
group starting from day four, and this high clearance rate continued at
follow-ups on days seven and ten. On day ten, around 96% of viral
clearance was observed among the FPV group, whereas only 52%
clearance was observed among the placebo group. This finding indicates
the drug’s efficacy and effectiveness against COVID-19. We observed
that after four-day treatment, about half of the patients were recovered
from infection with 48% viral clearance among the FPV group while
there was no viral clearance (0%) and no recovery progress among the
placebo group, and this difference was statistically significant (p <
0.001). The above results were also supported by the findings of the
chest X-ray on COVID-19 pneumonia and non-pneumonia patients. Our
findings were validated by the findings of other studies (NIH US, 2020;
Roser et al., 2020; COVID-19, 2020). Currently, there are at least 30
clinical trials of FVP registered on ClinicalTrials.gov of NIH (NIH US,
2020). Most of them are in progress and only a few of them have been
completed. So far, the results of one open-label controlled clinical trial
conducted in China using combined therapy of FVP and interferon-alpha
(INF-a) compared to Lopinavir/Ritonavir (LPV/RTV) plus INF-a in the
control group has been published (Cai et al., 2020). In this trial, FVP
treated patients showed early recovery and significant improvement in
chest X-rays. Several clinical trials were completed in China, India, and
Russia which also showed similar results (COVID-19, 2020; Chen et al.,
2020; Trial site news. 2020). Most of them conducted an open-label
controlled trial, which was different from our preliminary double-
blinded placebo-controlled randomized clinical trial. A meta-analysis
by Hassanipour showed significant clinical improvement and higher
viral clearance similar to the findings of our study (Hassanipour et al.,
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Fig. 1. Baseline characteristics of the patients with comparison after the intervention. (n = 50).
Table 2
Chest X-ray Findings of Baseline Pneumonia patients. (n = 50 equally divided into two groups).
Baseline Day 4 Day 7 Day 10
Group-A, n = 25, Group-B, n = 25, Group-A, n = 19, Group-B, n = 16, Group-A, n = 19, Group-B, n = 16, Group-A, n = 19, Group-B, n = 16,
% % % % % % % %
Improved 19 (76.0) 16 (64.0) 9(47.36) 0 (0.0) 14 (73.68) 4 (25.0) 18 (94.73) 8 (50.0)
Worsen - - 2(10.5) 3(16) 0 (0%) 1 (6.25%) 0(0.0) 1(6.25)
p-value 0.001 0.009 0.006

phosphorylation to its active form favipiravir ribofuranosyl-5'-triphos-
phate (T-705-RTP), which inhibits RNA dependent RNA polymerase
(RdRp) (Furuta et al., 2017). FVP was a potential RdRp inhibitor that

Table 3
Cumulative Viral Clearance at different time point.

Day 4 Day 7 Day 10 No clearance decreased the viral load earlier than the control group, which resulted in
Group A (n = 25) 12 (48.0%) 19 (76%) 24 (96%) 1 (4.0%) the clinical improvement in X-ray findings of the patients. FVP exhibited
Group B (n = 25) 0 (0%) 9 (36%) 13 (52%) 12 (48%) no notable adverse effects, and none of the patients needed to discon-
P value 0.001 0.005 0.001 0.002

tinue the drug. Although transient nausea and vomiting were observed
in a few patients, it was unclear whether these adverse effects were a
2021). result of the medication or the infection. The other studies also found a

The observed effect of FVP in COVID-19 patients might be a reduc- similar safety profile of FPV (Pilkington et al., 2020). However, we
tion of viral load through inhibition of viral replication (Furuta et al., observed a slight increase in uric acid levels, which was consistent with
2013). The prodrug FVP becomes activated via ribosylation and other studies (COVID-19, 2020). This increase in uric acid level might be
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Table 4
Effect of FVP on hematological and biochemical parameters.
Baseline value Day-4 Day-7 Day-10
Group-A Mean Group-B Mean Group-A Mean Group-B Mean Group-A Mean Group-B Mean Group-A Mean Group-B Mean
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
WBC 6.5 6.4 7.8 7.4 8.2 8.0 7.8 8.0
(5.7-7.3) (5.3-7.6) (7.2-8.5) (6.3-8.4) (7.3-9.1) (6.9-9.1) (6.8-8.8) (7.1-9.0)
Neutrophil 62.8 56.2 65.8 62.3 60.6 63.2 63.4 64.1
(57.2-68.3) (49.1-63.2) (61.4-70.1) (58.5-66.1) (53.7-67.7) (59.9-66.5) (59.4-67.4) (61.3-66.9)
Lymphocyte 31.8 35.1 30.0 31.7 31.8 31.8 30.9 30.7
(26.7-36.9) (30.3-39.9) (25.6-34.5) (27.1-36.2) (28.8-34.8) (28.8-34.8) (27.1-34.7) (27.9-33.5)
ALT 39.1 (29.2-49.0) 39.3 46.2 50.8 42.4 (30.9-53.8) 53.9 (36.5-71.3) 39.4 (27.6-51.8) 50.5 (27.9-33.5)
(24.7-53.9) (32.4-59.9) (37.2-64.4)
AST 35.9 (26.7-45.1) 32.8 (24.8-40.8) 33.2 (24.9-41.7) 35.8 (28.6-43.1) 32.2 (25.9-38.4) 33.6 (26.6-40.7) 28.6 (23.4-33.7) 33.3(26.8-39.7)
Serum UA 5.5 5.8 8.1 6.5 7.8 7.2 8.0 6.9
(4.8-6.1) (5.3-6.4) (7.1-8.9) (5.8-7.2) (6.8-8.3) (6.1-8.9) (6.9-9.2) (6.0-7.8)
CRP 13.5 10.7 13.7 11.4 12.9 13.4 129 12.3 (10.4-14.2)
(11.2-15.7) (8.9-12.5) (11.7-15.6) (9.9-13.1) (11.5-14.3) (11.1-15.7) (10.8-15.0)
RBS 6.5 5.6 6.3 5.9 6.0 6.2 6.0 6.1
(5.1-7.9) (4.8-6.3) (5.3-7.2) (5.4-6.5) (5.0-7.0) (4.5-8.0) (4.9-7.2) (4.8-7.3)
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Fig. 2. Comparison of survivor function in two treatment groups by Kaplan-Meier survival curve. Data has been presented as the cumulative incidence of clinical
improvement ascertained by hospital discharge of patients. Group A (n = 25), Group B (n = 25).

due to the decreased tubular secretion of uric acid mediated by the
inhibitory action of FVP and its metabolite on organic acid transporters
OAT1 and OAT3 (Pharmaceuticals and Medical Devices Agency, 2011).
However, similar to other studies, the FVP induced hyperuricemia was
transient and did not produce any clinical manifestation (Pharmaceu-
ticals and Medical Devices Agency, 2011; Du and Chen, 2020).

Limitations of the study

This study was conducted with a small size, as we excluded a sig-
nificant number of patients who did not meet eligibility criteria and also
there was not much patient in Bnagladesh when the trial was conducted.
The patients’ age was lower than usual, and before hospitalization, the

patients’ frequent symptoms and physical conditions were not properly
analyzed.

Conclusion

In this trial, FPV was found to accelerate the viral clearance and
clinical improvements in chest X-rays markedly. Subsequently, FPV
displayed no considerable adverse effects. However, we feel that a large
randomized controlled trial should be conducted to make any conclusive
decision.
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Table 5
Assessment of Adverse effects of patients of both groups.
Baseline value Day-4 Day-7 Day-10
Grp-A® Grp-B¢ Grp-A Grp-B Grp-A Grp-B Grp-A Grp-B
Nausea 7 (28%) 5 (20%) 11 (44%) 9 (36%) 4 (16%) 4 (16%) 3 (12%) 1 (4%)
Vomiting 2 (8%) 2 (8%) 4 (16%) 2 (8%) 2 (8%) 1 (4%) 1 (4%) 0 (0%)
Diarrhea 3 (12%) 2 (8%) 0 (0%) 1 (4%) 2 (8%) 2 (8%) 1 (4%) 0 (0%)
Bleeding 1 (4%) 0 (0%) 0 (0%) 1 (4%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Jaundice 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Skin rash 1 (4%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Liver damage 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2(8%) 0 (0%) 1 (4%)
Anemia 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Vertigo 2 (8%) 2 (8%) 2 (8%) 2 (8%) 0 (0%) 2 (8%) 0 (0%) 1 (4%)
Anosmia 1 (4%) 0 (0%) 1 (4%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
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