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Abstract. Pneumonia in patients with COVID-19 is sometimes severe and
life-threatening, and currently there is no specific effective drug approved for
COVID-19 treatment. Favipiravir is a pyrazine analog inhibiting RNA virus
RNA dependent RNA polymerase with antiviral activity against SARS-CoV-2.
An observational study was conducted in confirmed COVID-19 pneumonia
patients admitted to a university hospital in Thailand on effectiveness
and safety of favipiravir prescribed on a compassionate-use basis. Among
COVID-19 patients with pneumonia (n = 37), 54 and 46% had severe and
non-severe pneumonia, respectively. Mean + SD age was 48 + 3 years, 62%
were male and diabetes mellitus and hypertension were the most common
comorbidities. Median period from initiation of favipiravir treatment to clinical
improvement of patients with severe and non-severe pneumonia was 17 days
(95% confidence interval (CI): 9-25) and 9 days (95% CI: 7-11) respectively.
Ninety-five percent of patients completely recovered and were discharged
within 39 days following admittance; unfortunately, the remaining patients
succumbed to severe acute respiratory distress syndrome and multi-organ failure.
In conclusion, favipiravir holds promise as a potential drug for treatment of
COVID-19 pneumonia, but a larger randomized trial is warranted to confirm
its efficacy.
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INTRODUCTION

A novel disease emerged in
Wuhan, PR China, in late December
2019, with clinical characteristics of
sudden acute pneumonia (WHO, 2020c).
The syndrome was later named
Coronavirus Disease 2019 (COVID-19),
and the causative agent severe acute
respiratory syndrome Coronavirus 2
(SARS-CoV-2). The disease rapidly
spread globally and the World
Health Organization (WHO) declared
COVID-19 a pandemic disease on
11 March 2020; as of 24 May 2020,
COVID-19 has infected over 5.3 million
people in 188 countries, causing more
than 340,000 mortalities (WHO 2020b;
Wu et al, 2020). Clinical manifestation
of COVID-19 varies from asymptomatic
to a life-threatening condition, with
older age, obesity, immunocompromised
status, and co-morbidity (viz diabetes,
hypertension, cardiac conditions
and renal disease) being risk factors
associated with severe pneumonia (Chen
et al, 2020b; Guan et al, 2020; Wang et al,
2020; Zhou et al, 2020).

To date, there is no specific effective
antiviral drug approved for COVID-19
treatment, but guidelines mainly
focusing on prevention and supportive
treatment especially respiratory care
(WHO, 2020c). Several drugs have been
permitted for compassionate use in
various clinical settings, such as
antimalarials (chloroquine and
hydroxychloroquine), antivirals
(lopinavir/ritonavir, remdesivir and
favipiravir) and anti-inflammatory
agents (dexamethasone) (Cao et al, 2020;
Cortegiani et al, 2020; Furuta et al, 2002;
Shen et al, 2020). Benefits of adjunctive
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therapies such as convalescent plasma
and immunomodulatory agents are
under investigation (NIH, 2021).

Favipiravir (6-fluoro-3-hydroxy-
2-pyrazinecarboxamide), a pyrazine
analog initially developed as an antiviral
agent against influenza virus by targeting
RNA-dependent RNA polymerase
(Furuta et al, 2002) also has antiviral
activity against other RNA viruses in
vitro and in vivo (Furuta et al, 2013;
Furuta et al, 2017; Delang et al,
2018), and, in a few clinical trials, has
demonstrated clinical benefits against
Ebola (Bai et al, 2016; Sissoko et al, 2016;
Kerber et al, 2019). Recently, favipiravir
has shown antiviral activity on SARS-
CoV-2,in the in vivo study (Cai et al, 2020;
Dong et al, 2020). In PR China, favipiravir
has been approved for of COVID-19
treatment since February 2020 (Dong et
al,2020) and in Thailand, favipiravir has
recently been approved for
compassionate use in COVID-19
pneumonia since March 2020 (MOPH,
2020b).

In order to provide preliminary data,
an open-label study was carried out in
a tertiary-care university hospital to
determine safety and efficacy of
favipiravir in Thailand in patients with
COVID-19 pneumonia.

MATERIALS AND METHODS

Patients’ recruitment

An observational study was
conducted among inpatients with
COVID-19 pneumonia, 215 years of
age, receiving favipiravir treatment at
Chakri Naruebodindra Medical Institute,
Faculty of Medicine Ramathibodi
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Hospital, Mahidol University,
Samut Prakan, Thailand, between
12 March and 30 April 2020. Diagnosis of
COVID-19 was established by detecting
SARS-CoV-2 RNA in nasopharyngeal
swabs using real-time RT-PCR assay
of SARS-CoV-2 ORF1ab and N gene
fragments (Novel Coronavirus
(2019-nCoV) nucleic acid diagnostic kit;
Sansure Biotech, Changsha, PR China).
Baseline characteristics, medical history,
risk exposures and clinical symptoms
were collected. Risk exposures to SARS-
CoV-2 were identified by contact tracing
(MOPH, 2020a).

The study protocol was
approved by the Institutional
Review Board (IRB), Faculty of Medicine
Ramathibodi Hospital, Mahidol
University (no. MURA2020/968).
The IRB waived the requirement
to obtain informed consents, as the
study presented no risk of harm,
including a breach of confidentiality, to
the patients.

Physical and clinical examinations
Physical examination, blood tests,
and chest radiograph were performed on
the day of admission. Data were collected
of other treatments and medications
[viz chloroquine/hydroxychloroquine,
lopinavir/ritonavir, darunavir/ritonavir,
azithromycin, oxygen therapy, mechanical
ventilation, continuous veno-
venous hemodialysis (CVVHD) and
extracorporeal membrane oxygenation
(ECMO)], and of any adverse events
following favipiravir treatment until
discharge. Definition of pneumonia is
clinical symptoms of respiratory tract
infection with abnormal lung imaging
compatible with pneumonia, and
severe pneumonia when respiratory
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rate >30 breath/minute, presence of severe
respiratory distress, or peripheral
oxygen saturation (SpO,) < 93% at room
air (WHO, 2020a). Clinical improvement
is defined by a reduction of at
least 2 points from baseline on a modified
six-point ordinal scale for clinical
improvement, or being discharged
from the hospital or both (Grein et
al, 2020). The six-point scale is based
on the following categories — 1: not
hospitalized; 2: hospitalized and no
oxygen therapy; 3: hospitalized and
requirement of oxygen by nasal cannula
or mask; 4: hospitalized and requirement
of nasal high-flow oxygen, non-invasive
mechanical ventilation, or both; 5:
hospitalized and requirement of invasive
mechanical ventilation, ECMO, or both;
and 6, death (Grein et al, 2020).

Treatment regimen

Favipiravir was used on a
compassionate-use basis in patients with
confirmed SARS-CoV-2 infection with
pneumonia: severe patients received
favipiravir (Avigan®; FUJIFILM Toyama
Chemical Co Ltd, Tokyo, Japan) 1,600
mg twice daily on Day 1 then 600 mg
twice daily on Days 2-10 and non-severe
patients 1,600 mg twice daily on
Day 1 then 600 mg twice daily on
Days 2-5, according to Thai national
guidelines (MOPH, 2020b). Other
prescribed medications included (i)
chloroquine (Quinnel®) 250 mg
twice daily or hydroxychloroquine
(Nitaquine®) 400 mg twice daily for
1 day, then 200 mg twice daily, (ii)
darunavir (Prezista®) 600 mg twice
daily plus ritonavir (Norvir®) 100 mg
twice daily, or lopinavir/ritonavir
(Aluvia®) 400/100 mg twice daily, and
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(iii) azythromycin (Azycin®) 500 mg
once daily for 1 day, then 250 mg
once daily. All medications were given
for 5 and 10 days in patients with
pneumonia and severe pneumonia,
respectively (MOPH, 2020b).

Data analysis

Baseline characteristics of
patients (demographic data, symptoms,
physical examinations, and results of
laboratory investigations) are reported as
mean+SD for continuous variables and as
frequency (%) for categorical variables.
Proportion of patients with clinical
improvement was analyzed using a
Kaplan-Meier curve stratified according
to severe and non-severe pneumonia.
Period required for clinical improvement
in all patients and in each group was
recorded as median and 95% confidence
interval (CI). Mann-Whitney U and
Chi-square tests were performed for
comparison of continuous and categorical
variables, respectively. A p-value of <0.05
was considered significance. Statistical
analysis was carried out employing IBM
SPSS Statistics for Windows, Version 24.0
(IBM Corp, Armonk, NY).

RESULTS

COVID-19 patients (n = 37) with
pneumonia who had received
favipiravir were 48 + 13 years of age, 62%
were males, 22% had diabetes mellitus,
or hypertension or both, and 20 (54%)
and 17 (46%) had severe and non-severe
pneumonia respectively (Table 1). Prior
to admission, patients had symptoms
of respiratory tract infection (viz cough,
shortness of breath, sputum production,
sore throat, running nose, myalgia,
headache, diarrhea, anosmia) for
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a duration of 6 + 3 days. Mean body mass
index of all patients was 26 + 7 kg/m”.
Patients with severe pneumonia had
significantly lower absolute
lymphocyte counts/ml and
serum albumin level, but higher
lactate dehydrogenase, D-dimer
and liver aminotransferase levels
compared tonon-severe pneumonia group
(p-value <0.05).

All COVID-19 pneumonia
patients received both favipiravir and an
anti-malarial drug, chloroquine or
hydroxychloroquine, and in addition,
a majority also received darunavir/
ritonavir or lopinavir/ritonavir and
over half azithromycin (Table 1). Other
supportive treatments, in particular for
patients with severe pneumonia, were
oxygen therapy, mechanical ventilation,
CVVHD, and ECMO. Median time from
initiation of favipiravir treatment to clini-
cal improvement for patients with severe
and non-severe pneumonia was 17 days
(95% CI: 9-25) and 9 days (95% CI: 7-11),
respectively (Fig 1). Thirty-five (95%)
patients had complete recovery and were
discharged from the hospital within 39
days after clinical improvement, but two
(5%) patients succumbed to severe acute
respiratory distress syndrome (ARDS)
and multi-organ failure.

A majority of patients reported
adverse events, most common (except
diarrhea) being among patients with
severe pneumonia (Table 1). Serious
adverse events (acute kidney injury
(stage 3), hypotension, elevated liver
enzymes (grades 3-4) and multi-organ
failure) were present in one-fifth of
severe pneumonia patients. No patient
was discontinued from favipiravir
treatment.

Vol 52 No.1 January 2021



FaviPIRAVIR THERAPY FOR COVID-19 PNEUMONIA

1F/6 CF¥6 7796 dS F UeaW ‘o, “UOISSIWIPE Je Yy uoneInyes ua84AxQ
9+9¢ 8+ G¢ L+9¢C s + ueaut \Nﬁ\wx ‘uorsstuipe je NG
/1¥89 9L ¥ 9/ LIFTL ds F ueaur “3y ‘uorssrwpe je Jydom Apog
€F9 ¥F/ €F9 S F ueaw ‘sAep ‘UoISSTWpPE Je SSAU[[I JO sAe(]
(89) 1% (09) 01 (9%) L1 IDULIP [OYOD[e JUSLIND
(€0) 91 (00 ¥ 9D 9 TROWS JUdLIND
(0o (D¢ (8¢ SaseasIp 11y A1euoio)
91 (o) ¢ D9 enwaprdisAq
1 (c€) £ (o) 8 uorsuald A
ke (0) 9 (T0) 8 s9RqeI]
uonrpuod Surd[repun
(€9) 6 (02) 71 (29) €T o[eN
1L+ 1¥ L F €S CLF 8V ds F ueaw ‘sieaf 93y
(Lr=u) (0z=u) (ze=u)
(%) qUNN (%) qUNN
eruowmnaud 219A3s-UOU I\ eruownaud 919A3S YA (%) ToqunN JnsLLeIRyD

(020z 111dy 0¢ - UIRIAL 1) pue[rey ], “ANSIoAIun [OPIYeIA ‘[edSOH Ipoqryjewey] SUDIPIIA Jo Ajnoe

‘93n313suy [edIpaA

eIpurpoganieN ey “eruownaud yim sjuanied gT-QIAQD JO STUSAD ISIDAPE PUE JUSWET) ‘SOTISLID)ORIRD dUl[aseq

1 919&L

165

Vol 52 No.1 January 2021



SOUTHEAST AsIAN | TRor MED PusLic HEALTH

£ F G¥8¢ PFIP /8 “‘urumqry
S¥08 8F ¢/ 9¥8/ /3 “urjoid winias [ejo],
I'0¥20 T0F€0 I0¥20 [p/3w ‘urqnaryiq 211
€0FG0 T0F90 €0FG0 [p/Sw ‘uIqnayiq [ejo,
€TF L9 78¥98 6 ¥ 7L 1/n “osereydsoyd aurpey|y
JTFTE 8¢ ¥ 05 LTFLE [/N ‘dSerdjsueLOUNIE SUIUR[Y
1 FCC LEF 79 qQC+ 0y ﬁ\D \mmm.HmwQObOGME.m mﬂmuhmgw&N
T0¥80 €OF1 €0F60 [p/3w ‘durunear’
«60€ F 167 79 F T 766 F 1%9 [w/3u ‘rowd-a
FSF 10T 81T F b€ 86 F 86T 1/N “oseuaZorpAyap ajeroe]
Sh0'6L F 688'€ST €799G ¥ 006'F1C Pee'SL F 168°EHT Juu/syapre g
818 T 686'T 8¥F F SIT'T 118 70841 Jwu/spunod a1hooydwA| anjosqy
SIT'I ¥ €6C°S ¥G9'L ¥ 9FEF LSE'T F LLS'E uw/spunod [rydoxmau anjosqy
018°T ¥ £98'G 96T F 8609 96L'T F €16G (UIU/S[[3D POO[q UM
LF¥I TFYL TFYL [p/3 “urqo[SowaH
(s F ueawr) urpuy A103eroqe]
(L1 =u) (0z=u) (£€=u)
(%) ToqunN (%) qUINN
eruownaud 9I9A3S-UOU Y3IAL  eruownaud 919498 YA (%) IoquInN dnsuReIRyD)

(juod) 1 91qeL,

Vol 52 No.1 January 2021

166



FaviPIRAVIR THERAPY FOR COVID-19 PNEUMONIA

(0o @1 ©1 ONDA
0o (0)9k4 )4 HAAD
00 (0%) 8 (c0) 8 UOTE[UA TEDTUBYDIA
#0) ¥ (001) 0T (99) ¥T Aderayy uadAxQ
(%) 8 (09) 1 (#9) 0T uRAWoIZY

(L) €1 (08) 91 (82) 6T IIABUO}LI/IIARUNIR(]
(en e (00 ¥ 919 aaeuojLr/aeurdot]

(0o1) Z1 (0oo1) 0T (oot) £¢ aumboiopAxorpAy/sumboiory)

(001) T (001) 0T (001) € naexdiae]

Jjusunjear],
(L1 =1) (0z=1) (£€=u)
(%) TdqunN (%) qUNN
eruownaud 9I9A3S-UOU YA eruownaud 919A9S YA (%) IoqunN dnsLLRIRYD

(3uod) [ a[qeL

167

Vol 52 No.1 January 2021



SOUTHEAST AsIAN | TRor MED PusLic HEALTH

0o (onc ()i eruadojfooquuony,
91 @1 @c ysey
0o (€D ¢ ®¢ wstoqus Areuow|ng
91 (119)4 (8¢ oA /easneN
1 (o) 8 #2 6 aan[rej ueSI0-HNIA
#0) ¥ (09) 1 (€¥) 91 9SEaIOUI SWAZUD I9AI']
91 (o1 ¢ (8¢ eruadoonary
(0o (0€) 9 919 uorsusj0d A
(00 ()9k4 ()4 erwanyeurdd A
0o (09) 9 (919 erwaexadAHq
(cn ¢ (s) 6 (0¢) 11 T9Ad]
(%) 8 (0€) 9 (8¢) ¥1 eayLIeIq
(00 (02) ¥ (¥ wnurpQ
(00 (02) ¥ (¥ erwLuy
(0o (0g) 9 919 dwoIpuAs ssaxsip Aroyeridsar aynoy
e (09) 9 (c0) 8 Amfur £suppy ooy
(99) 11 (oo1) 0T (#8) 1€ JUDAD 3SIDAPE SNOLIdS-UOU AUy
+uﬂm>m @wkmxﬁum SNOLISS-UON
(L1=u) (0z=u) (£e=u)
(%) ToqumN (%) ToqunN
eruownaud 919A3s-UOU PIA  eruownaud 919A3s YpL (%) Ioquny JnsLLoeIRyD)

(Juod) 1 dqe],

Vol 52 No.1 January 2021

168



FaviPIRAVIR THERAPY FOR COVID-19 PNEUMONIA

uoneua3Axo suerquaw earodiodenxs (O {UOHEI[JOWAY SNOUIA-OUA SNONUTUOD JFIAAD

froyrap xod werlrrur ([p/Sw ey rod werdoueu :puu/3u (1931] 1od Jrun /N LI9}SWII[IW dIGND :gurw 3ap 1od werd :[p/3
{Ire woo1 :yy ‘193w arenbs 1ad weilorry :w/3Y xapur ssew Apoq NG ‘weido[ry :3Y ‘uonjeraap piepueis :(ds

(£107) SATVA U0 paseq d1e SuLId} JUSAS 3SI9APY, ‘dnoid eruownaud a19A9s-UOU pue 219A3S U29M3aq §()"(> dN[ea-d,

o (00) ¥ an¥ aanjrey ueSio-HMp
00 (c1) € ¢ (§-¢ sopeid) aseardur aWAZUD I9AT]
0o (€D ¢ (8¢ uorsuajod A
0o (s ¢ ®¢ (¢ 98e3s) Anfur Lsupry 9oy
(0)o (ce) Z 61) 2 #JUDAD 9SISAPE SNOLISS AUy
,JU9AD 9SIDAPE SNOLIAG
(Lr=1) (0z=1) (ze=1u)
(%) ToqunN (%) I2qQUINN
eruownaud araass-uou Ay eruownaud 219A3s YA (%) IquunN ogsuLdRIey)

(3uod) 1 91qe],

169

Vol 52 No.1 January 2021



SOUTHEAST AsIAN | TRor MED PusLic HEALTH

o
hi

o
®
|

o
~
|

o
o
|

......

......

Proportion of patients with clinical improvement
o o o o
T ¥ %

o
-
|

......

—IInon-severe pneumonia
--"isevere pneumonia

T T T
5 10 15

T T T T
20 25 30 35

Days since starting favipiravir treatment

Fig 1 - Kaplan-Meier plot of cumulative proportion of COVID-19 pneumonia patients with
clinical improvement following favipiravir treatment, Chakri Naruebodindra Medical
Institute, Faculty of Medicine Ramathibodi Hospital, Mahidol University, Thailand

(12 March - 30 April 2020).

DISCUSSION

As no specific antiviral agent for
COVID-19 is widely recommended
at present, there is a pressing need to
evaluate effectiveness of repurposing
other effective antiviral agents, especially
in treating COVID-19 patients with
severe symptoms (NIH, 2021). The active
metabolite of favipiravir, favipiravir
ribofuranosyl-5B-triphosphate
(favipiravir-RTP) inhibits RNA
polymerase of RNA viruses, such as
influenza and Ebola (Bai et al, 2016;
Sissoko et al, 2016; Kerber et al, 2019;
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Du and Chen, 2020). The present
observational study shows favipiravir
was effective and relatively safe in
treating COVID-19 pneumonia
patients, with median time to clinical
improvement after receiving favipiravir
of a little over a week for patients with
non-severe pneumonia and twice as long
among the severe group. The mortality
rate was 5% compared to 25% in a
previous study in patients with
COVID-19 pneumonia who did not
receive any antiviral drug (Richardson
et al, 2020).
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An open-label, randomized,
controlled trial on COVID-19 patients
showed overall clinical recovery at
day 7 of patients receiving favipiravir,
which is not different from arbidol-
treated patients, but those in favipiravir
group demonstrated shorter time for
normalization of body temperature
and for cough relief (Chen et al, 2020a).
Another small open-label, randomized,
controlled trial evaluating effect of
favipiravir compared to standard care
also reported patients in favipiravir
group have shorter time to body
temperature normalization and higher
proportion achieving viral clearance at
Day 5 of treatment (Ivashchenko et al,
2020).

A review of the literature (up to
27 March 2020) on safety of favipiravir
in COVID-19 patients based on 29
studies of 4,299 participants concluded
favipiravir is relatively safe regarding
total and serious adverse events;
however, increases in blood uric acid is
a safety concern, as well as possibility
of teratogenicity and QT interval (QTc)
prolongation, but data support the
safety and tolerability of favipiravir in
short-term use (Pilkington et al, 2020).
In the present study approximately
one-fifth of the patients developed
serious adverse events, but exclusively
in patients with severe COVID-19
pneumonia and such patients could
naturally develop liver injury, kidney
impairment and multiple organ failure.

In addition to favipiravir,
all COVID-19 pneumonia patients
received chloroquine or
hydroxychloroquine, ~75% darunavir/
ritonavir and the others lopinavir/

Vol 52 No.1 January 2021

ritonavir, and ~50% azithromycin.
Although hydroxychloroquine and
chloroquine were previously considered
to have clinical benefits in treatment
of COVID-19 based on in vitro activity
and results from uncontrolled studies
and small randomized trials, there
is growing evidence at the time of
manuscript revision that these drugs do
not have a significant therapeutic effect.
A randomized, controlled, open-label
platform trial comparing 1,561
hospitalized patients prescribed
hydroxychloroquine with 3,155
receiving usual care reported
hydroxychloroquine does not reduce
the risk of death among hospitalized
patients (Horby et al, 2020). Another
multicenter, blinded, placebo-controlled
randomized trial of 242 hospitalized
patients receiving hydroxychloroquine
with 237 receiving placebo also found
no effect of the drug on mortality and
clinical status at Day 14 (Self et al,
2020). Likewise, no difference in clinical
status at Day 15 is found in mild-to-
moderate hospitalized COVID-19
patients receiving hydroxychloroquine
plus azithromycin or azithromycin
vs standard care in a multicenter,
randomized, controlled, open-label
trial (Cavalcanti et al, 2020). Indeed,
a recent meta-analysis reported that
hydroxychloroquine with or without
azithromycin failed to show favorable
effect on clinical outcome, radiological
outcome, and rate of wviral
clearance (Ghazy et al, 2020). Regarding
lopinavir/ritonavir, a recent randomized,
controlled, open-label trial, no benefit
was observed with lopinavir/ritonavir
treatment beyond standard care (Cao
et al, 2020). Moreover, in another
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open-label, non-randomized,
control study, Cai et al (2020) reported
COVID-19 patients who received
favipiravir plus inhaled interferon-a
had a shorter viral clearance time and
significant improvement in chest
imaging compared to those treated
with lopinavir/ritonavir plus inhaled
interferon-a. Another small observational
study showed that COVID-19 critically
ill patients who received favipiravir
had shorter ICU length of stay than
those who received lopinavir/ritonavir,
without difference in mortality,
development of ARDS, and multi-organ
failure (Kocayigit et al, 2020). Taken
together, beneficial effect of chloroquine,
hydroxychloroquine, azithromycin,
and lopinavir/ritonavir has not been
demonstrated, while favipiravir seems
to improve some clinical outcome in
COVID-19 patients.

The strengths of this study were (i)
no missing data of the patients allowing
accurate determination of factors
affecting outcomes, and (ii) all study
patients treated with the same standard
of care. Limitations were (i) observational
study with a relatively small sample
size, and (ii) no control group receiving
medications without favipiravir or with
remdesivir (for example).

In conclusion, the study confirms
favipiravir as one of the potential drugs
for treatment of COVID-19 pneumonia,
with acceptable safety profile and no
serious adverse events. Given the small
cohort of patients enrolled, further
large-scale randomized controlled
trials to assess favipiravir efficacy is
warranted.
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