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Abstract  
COVID-19 is an acute respiratory disease resulting from the infection of SARS-COV-2 viruses 
and causes high morbidity, which requires appropriate treatment targets. Favipiravir is an 
antiviral that selectively inhibits RNA-dependent RNA polymerase (RdRp) of virus. This 
review aimed to identify several studies that prove the effectiveness and safety of using 
Favipiravir for COVID-19 patients. The search method used the electronic media PubMed and 
ScienceDirect with the keywords "Efficacy", "Favipiravir", "Treatment", "Safety", SARS-
COV-2", and "Favipiravir induced", accompanied by the addition of the affixes "AND" and 
"OR" and selection by the publication date starting December 2019. The literature search 
resulted in eight (8) published articles that met the exclusion and inclusion criteria. The results 
of the review showed that concurrent administration of Favipiravir and Lopinavir/Ritonavir or 
Chloroquine, with a dosage of Favipiravir of 3200 mg/day followed by 1200 mg/day each in 2 
divided doses, was considered adequate for improving the clinical symptoms of COVID-19 
patients with mild-moderate symptoms in early administration. Meanwhile, administering 
Favipiravir with anti-IL-6 Tocilizumab for patients with severe symptoms showed a fairly good 
effect. The most frequently reported ADE (adverse drug events) in the use of Favipiravir were 
hyperuricemia and elevated alanine aminotransferase (ALT) levels. This review concluded that 
the best clinical response to Favipiravir is shown in COVID-19 patients with mild-to-moderate 
early symptoms. 
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1. INTRODUCTION 
COVID-19 is a disease caused by the SARS-COV-2 viral infection, which can produce 

several symptoms of severe acute respiratory syndrome. This viral infection is deemed to cause 

high morbidity and, therefore, requires prompt treatment. COVID-19 first appeared in Wuhan, 

China, in December 2019. It can disrupt the respiratory system by causing severe symptoms 

and fatality, especially in elderly patients aged 70-80 years (Onder et al., 2020). The existence 

of SARS-COV-2 began with the emergence of the Severe Acute Respiratory Syndrome 

Coronavirus (SARS-COV) in 2002 and the Middle East Respiratory Syndrome Coronavirus 

(MERS-COV) in 2012. The incidence of SARS-COV and MERS-COV has triggered the 

emergence of the SARS-COV-2 virus, which is more dangerous than its two predecessors. It 

has also been known that most of the genome sequence of the SARS-COV-2 virus is 
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homologous with the genome of the SARS-COV virus, whereas some others are homologous 

with the genome of the MERS-COV virus (Lu et al., 2020; Zhou et al., 2020). 

The treatment for COVID-19 focuses on two targets, which include reducing the number 

of viruses in the body and improving the health status of the patients (Inoue et al., 2020). 

Previous research shows that several antiviral agents are deemed effective against COVID-19 

in the general population. Among these antiviral groups, Favipiravir acts as an antiviral agent 

previously developed to treat influenza (Koshi et al., 2021). 

Favipiravir (T-705; 6-fluoro-3-hydroxy-2-pyrazinecarboxamide) is a selective, powerful 

antiviral agent inhibiting the RNA-dependent RNA polymerase (RdRp) found in viruses. 

Favipiravir was discovered through a chemical screening based on a specific antiviral activity 

against influenza viruses conducted by Toyama Chemical Co., Ltd. Favipiravir goes through 

intracellular phosphoribosylation to obtain its active form, Favipiravir-RTP (Favipiravir 

ribofuranosyl-5B-triphosphate), which is known as a substrate for RNA-dependent RNA 

polymerase (RdRp) that inhibits the activity of RNA polymerase (Udwadia et al., 2021a). 

Favipiravir has a broad antiviral spectrum against other RNA viruses, such as bunyavirus, 

influenza, and filovirus. It is identified as having in-vitro activities against SARS-COV-2, 

although it requires higher concentrations compared to such other drugs as Chloroquine or 

Remdesivir, with a value of EC50 of 61.88 µM (Wang et al., 2020).  

The initial clinical experience of Favipiravir against SARS-COV-2 shows promising 

results, but it remains necessary to further study its effectiveness and safety, especially in 

specific patient groups, such as geriatrics and pediatrics. Although the WHO only authorizes 

emergency use and clinical trials of Favipiravir exclusively for COVID-19 patients, several 

studies have reported that their trial results effectively improve the clinical symptoms of 

COVID-19 patients. In this review, the effectiveness of Favipiravir is discussed according to 

the patient's symptoms, including those with mild and moderate to severe symptoms, through a 

narrative review presented in a narrative study.  

2. MATERIALS AND METHODS 
The data collection from 2020-2021 was conducted through literature searches using the 

electronic media, PubMed and ScienceDirect, with the search keywords "Efficacy", 

"Favipiravir", "Treatment", "Safety", "SARS-COV-2", and "Favipiravir induced" supported by 

the addition of "AND" and "OR" affixes. The specified eligibility criteria were articles 

published in English, presenting research, case reports, as well as prospective and retrospective 

observational studies, and addressing a research topic of the treatment of Favipiravir in COVID-

19 patients. The exclusion criteria were review articles and articles that discussed Favipiravir 

for non-COVID-19 patients.  

The quality of the article selection was evaluated using the indicator parameters for 

effectiveness and safety studies, and the content integrity of each article with the RCT method 

was evaluated using the Consort 2010. In contrast, articles with case reports were assessed using 

the Care Checklist 2013. Based on the search results, a total of 86 articles were obtained, 43 
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articles were selected based on an assessment of the abstracts and titles, 35 articles discussed 

Favipiravir for non-COVID-19 patients, and the result was eight articles to be reviewed. 

3. RESULTS AND DISCUSSION 
3.1. Favipiravir mechanism of action 

SARS-COV-2 is a type of positive-sense single-stranded RNA virus belonging to the 

subfamily "coronavirinae" in the family "coronaviridae" which is part of the order "nidovirales" 

and has four main structural proteins, including the spike, envelope, membrane, and 

nucleocapsid. The spike protein plays a crucial role in the binding of the virus to the host cell 

membrane (Tortorici & Veesler, 2019). Transmission of SARS-COV-2 can occur through a 

patient’s droplets/cough, and the virus will then infect healthy cells through a direct interaction 

with a specific receptor, or the ACE2 receptor, found on the SARS-COV-2 host-cell surface 

(Hoffmann et al., 2020). SARS-COV-2 typically infects body organs with many ACE2 cells, 

including the pulmonary epithelial cells (Cevik et al., 2020). The detailed pathogenesis of 

SARS-COV-2 remains to be known, but it is estimated to be similar to its predecessor, SARS-

COV (Cevik et al., 2020). 

SARS-COV-2 initially enters the body and moves toward the pulmonary epithelial cells, 

and then the spike protein of the virus will bind itself to the primary receptor ACE2. In the cells, 

the virus structure will be cleaved with the aid of the enzyme TMPRSS2 to allow fusion 

between the cell membrane and the virus envelope, followed by the formation of a genome 

ready to release into the cytoplasm. In the cytoplasm, the ribosome will translate the viral RNA 

into proteins. The viral RNA is propagated by the enzyme RNA-dependent RNA polymerase 

(RdRp), after which the constituent proteins and RNA combine to form virions in the Golgi 

apparatus and prepare for exocytosis and replication in other cells (Allen et al., 2020).  

The mechanism of action of Favipiravir against SARS-COV-2 is known to play a role in 

terminating the viral RNA chain (Shannon et al., 2020). Favipiravir acts as a guanosine analog 

to prevent viral RNA synthesis (Figure 1). Favipiravir is an antiviral therapy since its guanosine 

analog resembles the natural structure of the body's nucleoside or nucleotide. As a result, the 

RNA polymerase of the virus will mistakenly recognize Favipiravir-RTP as a purine nucleotide 

(Furuta et al., 2013). Like other positive-strand RNA viruses, the nucleus of the viral replication 

is present in RNA-dependent RNA polymerase (RdRp).  

It has been known that SARS-COV-2 utilizes the viral RNA-dependent RNA polymerase 

(RdRp) to replicate and express its genome, and RdRp will join the non-structural proteins 

(NSPs) to form a replication-transcription complex that plays a role in the synthesis up to the 

extension of RNA strands (Hillen, 2021). The RNA-dependent RNA polymerase (RdRp) of 

SARS-COV-2 is known to be 10-fold more active than that of any other virus. It has an 

extraordinarily high nucleotide incorporation rate, allowing Favipiravir or other nucleotide 

analogs to be inserted easily into viral RNA (Shannon et al., 2020). Therefore, RNA-dependent 

RNA polymerase (RdRp) becomes one of the antiviral targets which is considered promising 

to overcome COVID-19 (Subissi et al., 2014).  
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Figure 1. Mechanism action of favipiravir (modified from (Fang and Wang, 2020)). 

Favipiravir is among the antivirals targeting the inhibition of RNA-dependent RNA polymerase 

(RdRp) in viruses. Favipiravir is a prodrug that will undergo an intracellular metabolic process 

to convert into its active form. First, Favipiravir enters the body and has active 

phosphoribosylation catalyzed by the enzyme hypoxanthine-guanine phosphoribosyl 

transferase (HGPRT) to form an active compound called Favipiravir-ribofuranosyl-50-

triphosphate (Favipiravir-RTP). Favipiravir-RTP will then bind to the active site of RdRp 

(RNA-dependent RNA polymerase) when the viral replication process occurs to inhibit RNA 

replication (Allen et al., 2020). 

3.2. Effectiveness of Favipiravir  
A total of 8 articles are to be reviewed for the effectiveness of favipiravir (Table 1 and 

Table 2). In the articles to date, there have been no specifically approved drugs for the treatment 

of COVID-19. However, some antiviral agents, including Favipiravir, are considered effective 

in improving the clinical symptoms of COVID-19 patients. Favipiravir is currently used in the 

treatment of COVID-19 by some countries, including Indonesia, and in various trials as a 

promising clinical intervention to combat SARS-COV-2 infection. Favipiravir was initially 

used to treat influenza RNA viruses (Guo et al., 2020). Reports on the effectiveness of 

Favipiravir in COVID-19 still need to be made. In an in-vitro clinical trial conducted on Vero 

E6 cells, it was found that the EC50 of Favipiravir was 61.88 mM (Wang et al., 2020). The 

absorption time of Favipiravir in the body is approximately 0.5 to 1 hour (Nguyen et al., 2017). 

The dose of Favipiravir used in the treatment of COVID-19 remains unspecified. However, 

some studies have determined that it is adjusted to the initial administration for the influenza 

virus, in which on the first day of treatment, patients are given 3200-3600 mg Favipiravir orally 

followed by a dosage of 1200-1600 mg divided into two doses per day until day 10 or day 14 

(Ivashchenko et al., 2021; Udwadia et al., 2021b). 
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The main characteristic of the patients in this study is COVID-19 patients who were 

confirmed positive by the result of the RT-PCR method in a laboratory and had varied 

symptoms from mild-moderate to severe. Mild symptoms are characterized by a fever of < 38ºC 

and a respiratory rate of 12 to ≤ 20 breaths/minute (Cai et al., 2020). Moderate symptoms 

include cough, sore throat, body aches, and nasal congestion (Ivashchenko et al., 2021; 

Udwadia et al., 2021b). Meanwhile, severe symptoms include lung conditions showing 

pneumonia positive from a chest CT scan, cough, difficulty breathing, and infections in the 

lower respiratory tract (Khamis et al., 2021; Lou et al., 2021). The patients' average age in all 

the literature discussed in the study was 18-89 years in both groups with mild-moderate and 

severe symptoms. The comorbidities commonly experienced by the patients with mild-

moderate to severe symptoms were diabetes mellitus (22.7%), hypertension (34.9%), liver 

disorder (16%), pulmonary disease (6.8%), mild-severe chronic kidney disease (25.1%), and 

conjunctivitis (5.17%). 

At the early treatment stage, the patients had a variety of symptoms from mild-moderate 

to severe, and a drug combination was therefore administered comprising antivirals and such 

other drugs as analgesics-antipyretics, antibiotics, and vitamins (Chen et al., 2021; Udwadia et 

al., 2021b). Many studies have been conducted to assess the effectiveness of Favipiravir for 

COVID-19 patients. Studies of COVID-19 patients with initial symptoms show that the 

administration of Lopinavir/Ritonavir and anti-malarial Chloroquine together with Favipiravir 

improved lung conditions based on the observation of average chest CT scan results on day 10-

15 with 91.43% vs. 62.22% (P = 0.004) as well as a relatively faster viral clearance (4 days with 

IQR 2.5-9 vs. 11 days with IQR 8-13; P < 0.001). In addition, the combination of Favipiravir 

and Chloroquine was also studied in groups of patients with severe symptoms. However, the 

findings reported that Favipiravir and Chloroquine did not significantly improve patients' 

inflammatory response (P= 0.785) (Cai et al., 2020; Ivashchenko et al., 2021; Udwadia et al., 

2021b). 

Other studies were also conducted to examine the effects of Favipiravir administration on 

patients during initial treatment and when the symptoms deteriorated. They also investigated 

the effects of adding a combination of Favipiravir and Baloxavir for patients given standard 

care. The results showed no significant differences in the two treatment groups (initial treatment 

and deteriorated symptoms) since the hazard ratio [aHR] was 1.42 with a 95% confidence 

interval [95% CI] of 0.76 to 2.62, and the time to reduce fever was relatively similar in both 

groups, which was three days (aHR = 1.88, 95% CI = 0.81 to 4.35). Meanwhile, adding 

Baloxavir and Favipiravir is perceived as providing insignificant clinical benefits to patients 

(Doi et al., 2020; Lou et al., 2021). 

Of all the articles reviewed, administering Favipiravir in COVID-19 patients with mild-

moderate symptoms is considered acceptable to reduce clinical symptoms, accelerate viral 

clearance time, and improve lung conditions, as evidenced by the chest CT scan if administered 

for early symptoms. However, administering Favipiravir to COVID-19 patients immediately 

after the onset of symptoms or approximately around the sixth day after the first onset of 
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symptoms is deemed less effective in improving the clinical symptoms. This is likely caused 

by the growing number of viruses, the concentration of the administered drug, and the duration 

of Favipiravir administration. Meanwhile, in patients with severe symptoms, the administration 

of Favipiravir in combination with Arbidol does not improve the patient's clinical symptoms, 

nor does the administration of other drugs, such as Baloxavir marboxil and Chloroquine. 

However, the administration of Favipiravir and Anti-IL-6 Tocilizumab is considered effective 

in improving patients' lung inflammation, although their use for COVID-19 patients should be 

reevaluated since they are considered to carry the risk of cytokine storm response (Zhou et al., 

2020). 

Furthermore, inadequate improvement of COVID-19 patients with severe clinical 

symptoms is likely due to the disease severity characterized by the viral load, comorbidity, age, 

and early clinical symptoms that are too severe to treat with an only standard of care (Gonçalves 

et al., 2020). 

Meanwhile, the viral clearance and clinical symptom improvement in patients with mild-

moderate symptoms do not differ much from those with severe symptoms. On average, Viral 

clearance occurred from day 4 to day 10 (Cai et al., 2020; Ivashchenko et al., 2021). 

Improvement in the lung conditions observed from the chest CT scan results was typically 

noticed starting from day 14 and day 15 (Ivashchenko et al., 2021; Zhao et al., 2021). In 

addition, patients' fever was reduced on the third day of the drug administration (Udwadia et 

al., 2021b). In essence, evaluating the effectiveness of Favipiravir requires further clinical 

research with a larger population of patients. Various clinical characteristics, ages, physical 

conditions, and comorbidities are some of the factors that influence such evaluation. In addition, 

drug concentration and pharmacology of drugs also affect their effectiveness (Lou et al., 2021). 

3.3. Favipiravir safety treatment 
Adverse drug events (ADE) are also frequently found in COVID-19 treatment. 

Physiological and pathological factors can influence adverse reactions. As indicated in this 

study, each patient has different clinical characteristics. The main characteristic is that COVID-

19 patients were confirmed positive by the laboratory using the RT-PCR method, with mild-

moderate to severe early symptoms. The average age of the patients was 18-89 years, combined 

with all patients with mild-moderate to severe symptoms. Some patients had one or more 

comorbidities, with the most common being diabetes mellitus (22.7%), hypertension (34.9%), 

liver disorder (16%), pulmonary disease (6.8%), mild-severe CKD/chronic kidney disease 

(25.1%), and conjunctivitis (5.17%). These comorbidities were generally found in patients aged 

50-80 years or above.  

According to the articles collected in this study, the most frequent incidence of ADE 

(adverse drug event) was hyperuricemia (Table 3), affecting almost half of the patient 

population (48.9%) (Chen et al., 2021; Doi et al., 2020). Favipiravir is likely to decrease the 

excretion of uric acid into the urine and, therefore, result in elevated uric acid concentration in 

the blood.  
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Table 1. Effectiveness of Favipiravir in patients with mild-moderate symptoms. 

Reference Country Study Design Patient Population 
Dosage and Route of 

Administration 
Clinical Outcome Information 

Favipiravir (FVP) vs.  Lopinavir/Ritonavir (LPV/RTV)   
(Cai et al., 
2020). 

China Non-randomized 
control trial 

Non-critical 
COVID-19 
patients 
FVP (n=35) vs. 
LPV/RTV (n=45)  

FVP, 
peroral  
Day 1 = 
1600 mg, 
2x1 day 
Day 2-14 
= 600 mg, 
2x1 day 

LPV/RTV, 
peroral 
Day 1-14 = 
400mg/100
mg, 2x1day 

Improved chest CT 
scan on day 14: 
FVP = 32/35 (91.4%) 
LPV/RTV = 28/45 
(62.2%) 
 
Viral load drop: 
FVP = 4 days 
LPV/RTV = 11 days 
   
FVP showed an excellent 
clinical response to 
COVID-19 for viral load 
drop and improved chest 
CT scan. 

All patients were given 
5 million IU 
Interferon, 2x1 day via 
inhalation 

Favipiravir (FVP) vs. Hydroxychloroquine (HCQ) and Lopinavir/Ritonavir (LPV/RTV) 
(Ivashchen
ko et al., 
2021) 

Russia 

 

 

 

 

 

 

 

Multicenter 
randomized control 
trial phase II/III 

COVID-19 patients 
with mild-moderate 
symptoms  
FVP = 1600 mg, 
n=20 
FVP = 1800 mg, 
n=20 

FVP 
peroral 
Day 1 = 
1600 mg 
Day 2-14 = 
600 mg 
FVP n=20  
 
Day 1 = 
1800 mg 
Day 2-14 = 
800 mg 
FVP n = 20   

Standard of 
Care 
(SOC): 
HCQ and 
LPV/RTV 
followed 
the 
COVID-19 
treatment 
guidelines 
in Russia 

Viral clearance: 
FVP = 37/40 (92.5%) 
SOC = 16/20 (80.0%) 
 
Improved chest CT scan: 
FVP = 36/40 (90%) 
SOC = 16/20 (80.0%) 
 
On days 10 and 15, 
Favipiravir showed a 
quite good response for 
viral clearance and an 
improved chest CT scan.  

 

Standard of Care: 
Hydroxychloroquine 
for 15/20 patients 
(75%), 
Lopinavir/Ritonavir 
for 1/20 patients (5%), 
no etiotropic therapy 
for 4/20 patients (20%) 
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Table 1. Effectiveness of Favipiravir in patients with mild-moderate symptoms (Continued). 

Reference Country Study Design Patient Population 
Dosage and Route 
of Administration 

Clinical Outcome Information 

Favipiravir (FVP) 
(Doi et al., 
2020). 

Japan Prospective, 
Randomized, Open-
label Trial of Early vs. 
Late Favipiravir 

Inpatients   with 
confirmed COVID-
19 were given 
Favipiravir in the 
early treatment and 
late treatment of the 
symptom stage 
 
Early treatment 
group, n=36 
Late treatment 
group, n=33   

FVP 
peroral 
Day 1 = 
1800mg 
2x1 day 
followed by 
800 mg 2x1 
day with a 
total of 19 
doses for 
10 days   

N/A Viral clearance on day 6: 
Early treatment group = 
66.7% 
Late treatment group = 
56.1% 
The average time to 
reduce fever was 3 days. 
Administration of 
Favipiravir did not 
significantly improve the 
viral clearance in the first 
six days of the 
administration. 

N/A 

Favipiravir (FVP) vs. Control 
(Udwadia 
et al., 
2021b). 

India Randomized, 
Comparative, Open-
label, Multicenter 
Phase 3 Clinical Trial  

 

 

 

 

 

 

 

 

 

COVID-19 patients 
with mild-moderate 
symptoms 
Favipiravir n=70 
Control n = 68 

 

 

 

 

 

 

 

 

FVP 
peroral 
Day 1 = 
1800mg 
2x1 day 
Day 2-14 = 
800 mg 2x1 
day 

N/A Improved clinical 
outcome was indicated by 
a decreased body 
temperature, higher 
oxygen saturation, and 
reduced respiratory rate 
on day 3 (FVP) and day 5 
(control group). 
Favipiravir might reduce 
the duration of clinical 
signs and symptoms in 
patients with mild-
moderate COVID-19 
symptoms, as indicated by 
the shorter clinical 
recovery time. 

The control group was 
administered with 
antipyretics, cough 
suppressants, antibiotics, and 
vitamins. 
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Table 2. Effectiveness of Favipiravir in patients with severe symptoms. 

Ref. Country 
Study 
Design 

 Patient 
population 

Dosage and Route of 
Administration 

Clinical Outcome Information 

Favipiravir (FVP) vs. Arbidol   Dosage of Compared Drug 
(Chen 
et al., 
2021) 

China Multice
nter 
Random
ized 
Control 
Trial 

COVID-19 
pneumonia 
patients 
FVP n = 
116 
Arbidol 
n=120 
 

FVP, 
peroral Day 
1 = 1600 
mg, 2x1day 
Day 2-14 = 
600 mg 2x1 
day for 10 
days  

Arbidol, 
peroral = 
200 mg 
3x1 day 

Clinical recovery on day 7 = 62/120 patients (51.67%) in 
the Arbidol group and 71/116 patients (61.21%) in the 
Favipiravir group 
 
Favipiravir showed no superior efficacy compared to 
Arbidol in improving patients’ clinical recovery until day 
7. 

The administration of 
Arbidol was combined 
with standard of care 
by using traditional 
Chinese medicine, 
antibiotics, 
supplementary 
antivirals, 
immunomodulatory 
drugs, steroids, 
psychotic drugs, 
nutritional support, 
cardiovascular drugs, 
and oxygen support. 

Favipiravir (FVP) vs. Baloxavir marboxil (BAL) 
(Lou et 
al., 
2021). 

China Open 
control 
trial 

COVID-19 
patients 
FVP n=9 
BAL n=10 
Control 
group n = 
10 

FVP, peroral 
= 1600 mg 
2x1 day 
followed by 
600 mg 3x1 
day, duration 
of 
administratio
n = no more 
than 14 days 

BAL, 
peroral = 
Day 1 and 
day 4 = 
480 mg 
1x1 day 
readminis
tered on 
day 7 if 
the test 
result 
remained 
positive  

Viral shedding time of 14 days 
FVP = 7/9 (77%) 
BAL = 7/10 (70%) 
Control group = 10/10 (100%) 
 
Adding Favipiravir and Baloxavir marboxil to the standard 
of care did not provide significant clinical benefits. 
 
 

FVP and BAL were 
followed by 
administration of 
previous antivirals = 
Lopinavir/Ritonavir 
(400mg/100mg, BID, 
peroral)  
or Darunavir/Cobicistat 
and Arbidol (200mg, 
TID, peroral); all with 
Interferon-α inhalation 
(100,000 IU, TID or 
QID) 
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Table 2. Effectiveness of Favipiravir in patients with severe symptoms (Continued). 

Ref. Country 
Study 
Design 

 Patient 
population 

Dosage and Route of 
Administration 

Clinical Outcome Information 

Favipiravir (FVP) vs Hydroxychloroquine (HCQ) 
(Kham
is et 
al., 
2021). 

Oman Random
ized, 
open-
label 
controll
ed trial 

COVID-19 
patients 
FVP n = 44 
HCQ n = 45 

FVP, peroral 
Day 1 = 1600 
mg followed 
by 600 mg 
2x1 day for a 
maximum of 
10 days 
 
FVP 
combined 
with 8 
million IU 
(0.25mg) 
Interferon 
beta-1b 2x1 
day for 5 
days 

HCQ, 
peroral 
Day 1 = 
400 mg 
2x1 day 
followed 
by 200 mg 
2x1 day 
for 7 days 

Clinical recovery was assessed based on the patient's clinical 
outcome: 
Transferred to ICU  
FVP = 8/44 (18.2%) 
HCQ = 8/45 (17.8%) 
Discharged  
FVP = 29/44 (65.9%) 
HCQ = 31/45 (68.9%) 
O2 saturation when discharged 
FVP = 94 
HCQ = 95 
Died 
FVP = 5/44 (11.4%) 
HCQ = 6/45 (13.3%) 
Favipiravir + IFN1B and hydroxychloroquine showed no significant 
differences in the inflammatory markers/clinical outcomes in 
COVID-19 patients with moderate to severe pneumonia. 

N/A 

Favipiravir (FVP) vs. Tocilizumab 
(Zhao 
et al., 
2021). 

China Multice
nter 
random 
trial 
(3:1:1) 

Combined 
COVID-19 
adult 
patients 
(FVP vs. 
Tocilizuma
b) 
N = 14 
FVP n = 7 
Tocilizuma
b n = 5 

FVP peroral  
Day 1 = 
1600 mg, 
2x1 day  
Day 2-7 = 
600 mg 2x1 
day 

Tocilizum
ab, I.V = 
4-8 mg/kg 
(400 mg) 
Tocilizum
ab was 
administe
red into 
100 ml of 
0.9% 
normal 
saline 

On day 14, FVP vs. Tocilizumab significantly reduced lung lesions 
compared to the FVP group. 
 
In the FVP vs. Tocilizumab group, nearly all patients experienced 
clinical recovery of fever, muscle pain, shortness of breath, and 
diarrhea (14/14 or 100%).  
 
The number of deaths/ventilators in the FVP group was higher (2/7 
or 28.5%) as opposed to the combination group and Tocilizumab 
monotherapy group (0/14 and 0/5 or 0%). Tocilizumab vs. 
Favipiravir and Tocilizumab monotherapy improved pneumonia in 
COVID-19 patients and inhibited the symptom severity. 

N/A 
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This is because Favipiravir is metabolized into inactive M1 metabolites by aldehyde 

oxidase and xanthine oxidase and excreted into the urine. In the kidneys, uric acid treatment is 

regulated by the balance between tubule reabsorption and secretion in the proximal tubules. 

Favipiravir and M1 act as moderate inhibitors of organic anion transporters 1 and 3 (OAT1 and 

OAT3), which are involved in the excretion of uric acid in the kidneys. M1 increases the 

reabsorption of uric acid through urate transporter 1 (URAT1) in the proximal tubules of the 

kidneys (Mishima et al., 2020). There was a case report on a COVID-19 male patient aged 42 

years who had a history of hyperuricemia without recurring gout for more than one year, 

diabetes, or hypertension. The patient was administered with Favipiravir at a dosage of 3600 

mg/day followed by 1600 mg/day, each in two divided doses until day 14. On the 13th day, it 

was reported that the patient's uric acid level increased by 2.3 mg/dl, and the patient was then 

given NSAID treatment until the complaint declined. The patient recovered on day 20 and was 

discharged two days later (Hase et al., 2020). This report suggests that a patient's medical 

history can affect the incidence of hyperuricemia in Favipiravir administration (Hase et al., 

2020). The second ADE (adverse drug event) widely reported in several articles was elevated 

ALT (Alanine Transaminase) levels in the liver experienced by approximately 22 patients or 

16.38% of the patient population in all the articles (Chen et al., 2021; Doi et al., 2020). 

A case report on Favipiravir for COVID-19 treatment revealed that some patients in the 

50-80 age range (11.4%) experienced a significant increase in liver enzymes after 12 days to 2 

weeks of treatment. Several patients were then treated with ursodeoxycholic acid (15mg/kg), 

after which the symptoms and results of laboratory examinations of liver enzyme levels 

gradually improved within 4 up to 10 weeks (Kumar et al., 2021; Wu and McGoogan, 2020). 

Another incidence has also been reported as respiratory failure in 2/7 (28.5%) in the Favipiravir 

group, which was higher than the findings (0/14 and 0/5 patients) in other study groups (Zhao 

et al., 2021). The other study on Remdesivir also reported a similar finding, which needs careful 

monitoring of adverse reactions in patients with comorbid conditions and pregnancy (Siada et 

al., 2022; Kurniawan et al., 2022). 

Table 3. Adverse drug events associated with Favipiravir (FVP). 

Reference and 

Year 
Study Design Patient Category Findings 

(Kumar et 
al., 2021) 

Case report 3 COVID-19 
patients aged 70 
years, 52 years, 

and 50 years 

Elevated liver enzymes or ALT after 
using Favipiravir 

(Magpie et 
al., 2021) 

Case report 1 COVID-19 
patient aged 64 

years 

Hypersensitivity in the form of fever 
after 14 days of Favipiravir 
administration 

(Doi et al., 
2020) 

Prospective, 
Randomized, 
Open-Label 
Trial 

82 COVID-19 
patients in the 
safety group 

 Hyperuricemia in 69/82 (84.1%) 
 Elevated triglycerides in 9/82 

(11%) 
Increased Alanine aminotransferase 
in 7/82 (8.5%) 



JPSCR: Journal of Pharmaceutical Science and Clinical Research Vol. 9 No. 1 (2024)         56 
 

 
© 2024 Universitas Sebelas Maret Open access article under the CC BY-SA 4.0 license 

 

Table 3. Adverse drug events associated with Favipiravir (FVP) (Continued). 

Reference and 

Year 
Study Design Patient Category Findings 

(Chen et al., 

2021) 

RCT 

multicenter trial 

240 COVID-19 

patients randomized 

for FVP 

administration (120) 

and control group 

(120) 

 ADE was reported in 37% of the 
Favipiravir group and 28% of 
the control group 

 The most common ADE of 
Favipiravir were abnormal 
LFT/liver function tests (10 or 
10%), elevated serum uric acid 
(16 or 13.79%), psychiatric 
symptoms (5 or 4.31%), and 
gastrointestinal reactions (16 or 
13.79%). 

(Cai et al., 

2020) 

Open control 

trial 

nonrandomized, 

before- after 

controlled study 

80 patients tested 

COVID-19 positive by 

RT-PCR = 35 patients 

given FVP, 45 patients 

in the control group 

 Four (4) patients given FVP 
(11.43%) reported ADE: 

 2 (5.71%) with diarrhea 
 1 (2.86%) with liver injury 
 1 with poor diet 

(Doi et al., 

2020) 

Prospective, 

Randomized, 

Open-Label 

Trial 

82 COVID-19 patients 

in the safety group 

 Hyperuricemia in 69/82 (84.1%) 
 Elevated triglycerides in 9/82 

(11%) 
 Increased Alanine 

aminotransferase in 7/82 (8.5%) 

(Ivashchenko et 

al., 2021) 

Multicenter 

Randomized 

Control Trial 

Phase II/III 

60 COVID-19 patients 

with moderate 

pneumonia, 

randomized with 

different dose 

regimens of 

Favipiravir versus 

standard of care 

 7/40 (17.5%) in the Favipiravir 
group experienced adverse drug 
reactions, including diarrhea, 
nausea, vomiting, chest pain, 
and elevated levels of liver 
transaminase. 

 Mild-moderate adverse drug 
reactions leading to drug 
discontinuation occurred in 2/40 
patients (5%). 

(Lou et al., 

2021) 

Open control 

trial 

29 COVID-19 patients 

confirmed positive by 

RT-PCR randomized 

for 1:1:1 

 Some patients in the Favipiravir 
group experienced more than 
one side effect, including: 

 Respiratory failure and elevated 
alanine aminotransferase (4 or 
44%), lymphopenia and lower 
hemoglobin (7 or 77%), 
increased lactate dehydrogenase 
and D-dimer (5 or 55%), 
decreased albumin (8 or 88%), 
and higher triglycerides (6 or 
66%). 
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Table 3. Adverse drug events associated with Favipiravir (FVP) (Continued). 

Reference and 

Year 
Study Design Patient Category Findings 

(Doi et al., 

2020) 

Prospective, 

Randomized, 

Open-Label 

Trial 

82 COVID-19 patients 

in the safety group 

 Hyperuricemia in 69/82 (84.1%) 
 Elevated triglycerides in 9/82 

(11%) 
 Increased Alanine 

aminotransferase in 7/82 (8.5%) 

(Khamis et al., 

2021) 

Randomized, 

open-label 

controlled trial 

Covid-19 patients with 

moderate-severe 

symptoms randomized 

for Favipiravir (45) 

and standard of care 

(45) 

 No significant side effects, such 
as hyperuricemia, liver enzyme 
disorder, or QTc prolongation, 
were reported from using 
Favipiravir in this study. 

4. CONCLUSION 
A limitation was noted in the included studies. The standard of care varied across studies, 

and other antiviral therapies were or have not been included during treatment. Based on this 

case, analyzing the result of the treatment effect of a specific drug can be difficult. The use of 

Favipiravir for COVID-19 patients has a noticeable effect on clinical improvement only among 

patients with mild-moderate symptoms when administered early at a dosage of 3200 mg/day 

followed by 2400 mg/day, each in two divided doses up to day 14, in combination with 

Lopinavir/Ritonavir antivirals or with Chloroquine. In the group of patients with severe 

symptoms, Favipiravir was administered at the same dose as that for the previous group and, in 

some studies, was given in combination with Arbidol, Chloroquine, and Interferon beta-1b. 

However, its combination with anti-IL-6 Tocilizumab was regarded as having a good response. 

The frequent ADE (adverse drug events) due to Favipiravir use reported in some studies were 

hyperuricemia and elevated alanine aminotransferase (ALT). 

CONFLICT OF INTEREST 
All authors declared that there was no conflict of interest. 

REFERENCES 
Allen, C. N. S., Arjona, S. P., Santerre, M., & Sawaya, B. E. (2020). Potential Use of RNA-

dependent RNA polymerase (RdRp) Inhibitors Against SARS-CoV2 Infection. All Life, 
13(1), 608–614. https://doi.org/10.1080/26895293.2020.1835741. 

Cai, Q., Yang, M., Liu, D., Chen, J., Shu, D., Xia, J., Liao, X., Gu, Y., Cai, Q., Yang, Y., Shen, 
C., Li, X., Peng, L., Huang, D., Zhang, J., Zhang, S., Wang, F., Liu, J., Chen, L., ... Liu, 
L. (2020). Experimental Treatment with Favipiravir for COVID-19: An Open-Label 
Control Study. Engineering, 6(10), 1192–1198. 
https://doi.org/10.1016/j.eng.2020.03.007. 

Cevik, M., Kuppalli, K., Kindrachuk, J., & Peiris, M. (2020). Virology, Transmission, and 
Pathogenesis of SARS-CoV-2. The BMJ, 371. https://doi.org/10.1136/bmj.m3862. 



JPSCR: Journal of Pharmaceutical Science and Clinical Research Vol. 9 No. 1 (2024)         58 
 

 
© 2024 Universitas Sebelas Maret Open access article under the CC BY-SA 4.0 license 

 

Chen, C., Zhang, Y., Huang, J., Yin, P., Cheng, Z., Wu, J., Chen, S., Zhang, Y., Chen, B., Lu, 
M., Luo, Y., Ju, L., Zhang, J., & Wang, X. (2021). Favipiravir Versus Arbidol for 
COVID-19: A Randomized Clinical Trial. Front Pharmacol, 12, 683296. doi: 
10.3389/fphar.2021.683296.  

Doi, Y., Hibino, M., Hase, R., Yamamoto, M., Kasamatsu, Y., Hirose, M., Mutoh, Y., Homma, 
Y., Terada, M., Ogawa, T., Kashizaki, F., Yokoyama, T., Koba, H., Kasahara, H., Yokota, 
K., Kato, H., Yoshida, J., Kita, T., Kato, Y., ... Doi, C. Y. (2020). A Prospective, 
Randomized, Open-Label Trial of Early versus Late Favipiravir Therapy in Hospitalized 
Patients with COVID-19. Antimicrob Agents Chemother, 64(12), e01897-20. doi: 
10.1128/AAC.01897-20. 

Fang, Q., and Wang, D. (2020). Advanced researches on the inhibition of influenza virus by 
Favipiravir and Baloxavir. Biosafety and Health, 2(2), 64–70. 
https://doi.org/10.1016/j.bsheal.2020.04.004 

Furuta, Y., Gowen, B. B., Takahashi, K., Shiraki, K., Smee, D. F., & Barnard, D. L. (2013). 
Favipiravir (T-705), a novel viral RNA polymerase inhibitor. In Antiviral Research, 
100(2), 446–454. https://doi.org/10.1016/j.antiviral.2013.09.015. 

Gonçalves, A., Bertrand, J., Ke, R., Comets, E., de Lamballerie, X., Malvy, D., Pizzorno, A., 
Terrier, O., Rosa Calatrava, M., Mentré, F., Smith, P., Perelson, A. S., & Guedj, J. (2020). 
Timing of Antiviral Treatment Initiation is Critical to Reduce SARS-CoV-2 Viral Load. 
CPT: Pharmacometrics and Systems Pharmacology, 9(9), 509–514. 
https://doi.org/10.1002/psp4.12543. 

Guo, Y. R., Cao, Q. D., Hong, Z. S., Tan, Y. Y., Chen, S. D., Jin, H. J., Tan, K. sen, Wang, D. 
Y., & Yan, Y. (2020). The origin, transmission, and clinical therapies on coronavirus 
disease 2019 (COVID-19) outbreak- An update on the status. In Military Medical 
Research, 17(1), 7. https://doi.org/10.1186/s40779-020-00240-0. 

Hase, R., Kurata, R., Ishida, K., Kurita, T., Muranaka, E., & Mito, H. (2020). Acute Gouty 
Arthritis during Favipiravir Treatment for Coronavirus Disease. Internal Medicine, 
59(18), 2327–2329. https://doi.org/10.2169/INTERNALMEDICINE.5377-20. 

Hillen, H. S. (2021). Structure and function of SARS-CoV-2 polymerase. In Current Opinion 
in Virology, 48, 82–90. https://doi.org/10.1016/j.coviro.2021.03.010 

Hoffmann, M., Kleine-Weber, H., Schroeder, S., Krüger, N., Herrler, T., Erichsen, S., 
Schiergens, T. S., Herrler, G., Wu, N. H., Nitsche, A., Müller, M. A., Drosten, C., & 
Pöhlmann, S. (2020). SARS-CoV-2 Cell Entry Depends on ACE2 and TMPRSS2 and Is 
Blocked by a Clinically Proven Protease Inhibitor. Cell, 181(2), 271-280.e8. 
https://doi.org/10.1016/j.cell.2020.02.052 

Inoue, H., Jinno, M., Ohta, S., Kishino, Y., Kawahara, T., Mikuni, H., Sato, H., Yamamoto, M., 
Sato, Y., Onitsuka, C., Goto, Y., Ikeda, H., Sato, H., Uno, T., Uchida, Y., Kimura, T., 
Miyata, Y., Hirai, K., Homma, T., ...  Sagara, H. (2020). Combination Treatment of Short-
Course Systemic Corticosteroid and Favipiravir in a Successfully Treated Case of 
Critically Ill COVID-19 Pneumonia with COPD. Respiratory Medicine Case Reports, 31. 
https://doi.org/10.1016/j.rmcr.2020.101200 

Ivashchenko, A. A., Dmitriev, K. A., Vostokova, N. v, Azarova, V. N., Blinow, A. A., Egorova, 
A. N., Gordeev, I. G., Ilin, A. P., Karapetian, R. N., Kravchenko, D. v, Lomakin, N. v, 
Merkulova, E. A., Papazova, N. A., Pavlikova, E. P., Savchuk, N. P., Simakina, E. N., 
Sitdekov, T. A., Smolyarchuk, E. A., Tikhomolova, E. G., ...    Ivachtchenko, A. v. (2021). 
Avivirafir for Treatment of Patients with Moderate COVID-19: Interim Results of a Phase 
II/III Multicenter Randomized Clinical Trial. Clin Infect Dis, 73(3), 531-534. doi: 
10.1093/cid/ciaa1176.  

Khamis, F., al Naabi, H., al Lawati, A., Ambusaidi, Z., al Sharji, M., al Barwani, U., Pandak, 
N., al Balushi, Z., al Bahrani, M., al Salami, I., & Al-Zakwani, I. (2021). Randomized 



JPSCR: Journal of Pharmaceutical Science and Clinical Research Vol. 9 No. 1 (2024)         59 
 

 
© 2024 Universitas Sebelas Maret Open access article under the CC BY-SA 4.0 license 

 

Controlled Open Label Trial on The Use of Favipiravir Combined with Inhaled Interferon 
Beta-1b in Hospitalized Patients with Moderate to Severe COVID-19 Pneumonia. 
International Journal of Infectious Diseases, 102, 538–543. 
https://doi.org/10.1016/j.ijid.2020.11.008. 

Koshi, E., Saito, S., Okazaki, M., Toyama, Y., Ishimoto, T., Kosugi, T., Hiraiwa, H., Jingushi, 
N., Yamamoto, T., Ozaki, M., Goto, Y., Numaguchi, A., Miyagawa, Y., Kato, I., Tetsuka, 
N., Yagi, T.,   & Maruyama, S. (2021). Efficacy of Favipiravir for An End Stage Renal 
Disease Patient on Maintenance Hemodialysis Infected with Novel Coronavirus Disease 
2019. CEN Case Reports, 10(1), 126–131. https://doi.org/10.1007/s13730-020-00534-1. 

Kumar, P., Kulkarni, A., Sharma, M., Nagaraja Rao, P., & Nageshwar Reddy, D. (2021). 
Favipiravir-induced Liver Injury in Patients with Coronavirus Disease 2019. In Journal 
of Clinical and Translational Hepatology, 9(2), 276–278. 
https://doi.org/10.14218/JCTH.2021.00011 

Kurniawan, A.H., Puspita, N.,  Meitinawati, T.I., Lestiani (2022) Pengkajian Terapi COVID-19 
Pada Pasien Rawat Inap Komorbid Hipertensi Terhadap Derajat Keparahan Penyakit di 
RSJPD Harapan Kita. JPSCR: Journal of Pharmaceutical Science and Clinical Research 
2, 132-148. doi: 10.20961/jpscr.v7i2.53739  

Lou, Y., Liu, L., Yao, H., Hu, X., Su, J., Xu, K., Luo, R., Yang, X., He, L., Lu, X., Zhao, Q., 
Liang, T., & Qiu, Y. (2021). Clinical Outcomes and Plasma Concentrations of Baloxavir 
Marboxil and Favipiravir in COVID-19 Patients: An Exploratory Randomized, 
Controlled Trial. European Journal of Pharmaceutical Sciences, 157. 
https://doi.org/10.1016/j.ejps.2020.105631 

Lu, R., Zhao, X., Li, J., Niu, P., Yang, B., Wu, H., Wang, W., Song, H., Huang, B., Zhu, N., 
Bi, Y., Ma, X., Zhan, F., Wang, L., Hu, T., Zhou, H., Hu, Z., Zhou, W., Zhao, L., ... Tan, 
W. (2020). Genomic Characterisation and Epidemiology of 2019 Novel Coronavirus: 
Implications for Virus Origins and Receptor Binding. The Lancet, 395(10224), 565–574. 
https://doi.org/10.1016/S0140-6736(20)30251-8. 

Mishima, E., Anzai, N., Miyazaki, M., & Abe, T. (2020). Uric Acid Elevation by Favipiravir, 
An Antiviral Drug. Tohoku Journal of Experimental Medicine, 251(2), 87–90. 
https://doi.org/10.1620/tjem.251.87 

Magpie, Y., Kawasuji, H., Takegoshi, Y., Kaneda, M., Kimoto, K., Ueno, A., Miyajima, Y., 
Kawago, K., Fukui, Y., Ogami, C., Sakamaki, I., Tsuji, Y., Morinaga, Y.,    & Yamamoto, 
Y. (2021). A case of COVID-19 Diagnosed with Favipiravir-induced Drug Fever Based 
on a Positive Drug-induced Lymphocyte Stimulation Test. International Journal of 
Infectious Diseases, 106, 33–35. https://doi.org/10.1016/j.ijid.2021.03.048. 

Nguyen, T. H. T., Guedj, J., Anglaret, X., Laouénan, C., Madelain, V., Taburet, A. M., Baize, 
S., Sissoko, D., Pastorino, B., Rodallec, A., Piorkowski, G., Carazo, S., Conde, M. N., 
Gala, J. L., Bore, J. A., Carbonnelle, C., Jacquot, F., Raoul, H., Malvy, D      ., ...   Mentré, 
F. (2017). Favipiravir Pharmacokinetics in Ebola-Infected Patients of the JIKI Trial 
Reveals Concentrations Lower than Targeted. PLoS Neglected Tropical Diseases, 11(2). 
https://doi.org/10.1371/journal.pntd.0005389. 

Onder, G., Rezza, G., & Brusaferro, S. (2020). Case-Fatality Rate and Characteristics of 
Patients Dying in Relation to COVID-19 in Italy. JAMA - Journal of the American 
Medical Association, 323(18), 1775–1776. American Medical Association. 
https://doi.org/10.1001/jama.2020.4683. 

Shannon, A., Selisko, B., Le, N. T. T., Huchting, J., Touret, F., Piorkowski, G., Fattorini, V., 
Ferron, F., Decroly, E., Meier, C., Coutard, B., Peersen, O., & Canard, B. (2020). Rapid 
Incorporation of Favipiravir by The Fast and Permissive Viral RNA polymerase Complex 
Results in SARS-CoV-2 Lethal Mutagenesis. Nature Communications, 11(1). 
https://doi.org/10.1038/s41467-020-18463-z. 



JPSCR: Journal of Pharmaceutical Science and Clinical Research Vol. 9 No. 1 (2024)         60 
 

 
© 2024 Universitas Sebelas Maret Open access article under the CC BY-SA 4.0 license 

 

Siada, N.B., Rr Asih Juanita, R.A., Dwi Arymbhi Sanjaya, D.A.,Meriyani, H., Rahayu, T.A. 
(2022). Penggunaan Antivirus Remdesivir untuk Pasien COVID-19 dengan Kehamilan: 
Studi Literatur, JPSCR: Journal of Pharmaceutical Science and Clinical Research, 2,  
179-188 DOI: 10.20961/jpscr.v7i2.56753. 

Subissi, L., Posthuma, C. C., Collet, A., Zevenhoven-Dobbe, J. C., Gorbalenya, A. E., Decroly, 
E., Snijder, E. J., Canard, B., & Imbert, I. (2014). One Severe Acute Respiratory 
Syndrome Coronavirus Protein Complex Integrates Processive RNA polymerase and 
Exonuclease Activities. Proceedings of the National Academy of Sciences of the United 
States of America, 111(37), E3900–E3909. https://doi.org/10.1073/pnas.1323705111. 

Tortorici, M. A., & Veesler, D. (2019). Structural Insights into Coronavirus Entry. Advances in 
Virus Research, 105, 93–116. Academic Press Inc. 
https://doi.org/10.1016/bs.aivir.2019.08.002. 

Udwadia, Z. F., Singh, P., Barkate, H., Patil, S., Rangwala, S., Pendse, A., Kadam, J., Wu, W., 
Caracta, C. F., & Tandon, M. (2021a). Efficacy and Safety of Favipiravir, An Oral RNA-
dependent RNA polymerase Inhibitor, in Mild-to-moderate COVID-19: A randomized, 
Comparative, Open-label, Multicenter, Phase 3 Clinical Trial. International Journal of 
Infectious Diseases, 103, 62–71. https://doi.org/10.1016/j.ijid.2020.11.142. 

Udwadia, Z. F., Singh, P., Barkate, H., Patil, S., Rangwala, S., Pendse, A., Kadam, J., Wu, W., 
Caracta, C. F., & Tandon, M. (2021b). Efficacy and Safety of Favipiravir, An Oral RNA-
dependent RNA Polymerase Inhibitor, in Mild-to-moderate COVID-19: A randomized, 
comparative, Open-label, Multicenter, Phase 3 Clinical Trial. International Journal of 
Infectious Diseases, 103, 62–71. https://doi.org/10.1016/j.ijid.2020.11.142 

Wang, M., Cao, R., Zhang, L., Yang, X., Liu, J., Xu, M., Shi, Z., Hu, Z., Zhong, W., & Xiao, 
G. (2020). Remdesivir and Chloroquine Effectively Inhibit The Recently Emerged Novel 
Coronavirus (2019-nCoV) In Vitro. Cell Research 30(3), 269–271. Springer Nature. 
https://doi.org/10.1038/s41422-020-0282-0. 

Wu, Z., & McGoogan, J. M. (2020). Characteristics of and Important Lessons from the 
Coronavirus Disease 2019 (COVID-19) Outbreak in China: Summary of a Report of 
72314 Cases from the Chinese Center for Disease Control and Prevention. JAMA - 
Journal of the American Medical Association 323(13), 1239–1242. 
https://doi.org/10.1001/jama.2020.2648. 

Zhao, H., Zhu, Q., Zhang, C., Li, J., Wei, M., Qin, Y., Chen, G., Wang, K., Yu, J., Wu, Z., 
Chen, X., & Wang, G. (2021). Tocilizumab Combined with Favipiravir in The Treatment 
of COVID-19: A multicenter Trial in A Small Sample Size. Biomedicine and 
Pharmacotherapy, 133. https://doi.org/10.1016/j.biopha.2020.110825. 

Zhou, P., Yang, X. lou, Wang, X. G., Hu, B., Zhang, L., Zhang, W., Si, H. R., Zhu, Y., Li, B., 
Huang, C. L., Chen, H. D., Chen, J., Luo, Y., Guo, H., Jiang, R. di, Liu, M. Q., Chen, Y., 
Shen, X. R., Wang, X., ... Shi, Z. L. (2020). A Pneumonia Outbreak Associated with A 
New Coronavirus of Probable Bat Origin. Nature, 579(7798), 270–273. 
https://doi.org/10.1038/s41586-020-2012-7. 


