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Objective: To assess the efficacy of Favipiravir compared to the standard therapy in treating patients with
severe COVID-19 infection.

Methods: This is a retrospective cohort of patients with COVID-19 pneumonia who were treated with
favipiravir, versus comparison group that received the standard of care.

Results: A total of 226 patients were included; 110 patients received favipiravir and 116 patients received

Iég :N?rrfjlr standard of care. Patients who received favipiravir had longer time to recovery (14.2 + 8.8 versus 12.8
COVll)D-19 + 5.2, p = 0.17). Favipiravir was associated with an improved early day 14 mortality (4 [3.6%] versus 11
SARS-CoV-2 [9.5%]), p = 0.008), but was associated with a higher day 28 mortality (26 [23.6%] versus 11 [9.5%], p =
Pneumonia 0.02). The overall mortality was higher in the favipiravir versus the standard of care group but difference

was not statistically significant (33 [30.0%] versus 24 [20.7%], p = 0.10).
Conclusion: The addition of favipiravir to standard of care was not associated with any improvement in
clinical outcomes or mortality. Larger randomized controlled clinical trials are needed to further assess
the efficacy of favipiravir.
© 2021 The Authors. Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for
Health Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).

Antiviral therapy and standard therapy

Introduction almost every country around the world. The disease is a highly dis-

seminating global pandemic. Currently there is no specific antiviral

Background information

Coronavirus infectious disease 2019 (COVID-19) is caused by the
newly emerging severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). The disease was first identified in 2019 in the city
of Wuhan, China, and has since spread globally [1-3]. SARS-CoV-2
has presented unprecedented challenges to healthcare systems in
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agents with established activity against the virus, and therefore
efforts are directed towards infection prevention and control mea-
sures, vaccination, and supportive care for those who get infected.

Clinical and laboratory characteristics of different subtypes of
COVID-19 illness severity helps in early identification and prompt
treatment. Efficient viral subtyping enables visualization and mod-
eling of the geographic distribution and temporal dynamics of
disease spread. Subtyping thereby advances the development of
effective containment strategies and, potentially, therapeutic and
vaccine strategies [4,5]. Since the global outbreak of the severe
acute respiratory syndrome, human coronaviruses (HCoVs) two
decades ago, several studies have compared it to the currently
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emerged acute respiratory syndrome coronavirus 2 (SARS-CoV-2).
Some similarities and differences in the epidemiology and clinical
features between SARS-CoV and SARS-CoV-2 in the context of their
virus incubation, originations, diagnosis and treatment methods,
genomic and proteomic sequences, and pathogenic mechanisms
and clinical prognostic outcomes were reported. Through these
comparative studies seven types of CoVs cause human disease have
identified. The two highly pathogenic viruses, SARS-CoV and MERS-
CoV. It has been reported that SARS-CoV-2 shared almost 80% of
the genome with SARS-CoV. In addition to the well-known SARS-
CoV, MERS-CoV, as one Merbecovirus subgenus of [3-CoVs, is also
extremely invasive. MERS-CoV is the pathogen of the Middle East
Respiratory Syndrome, which can infect both humans and animals.
Studies had demonstrated that the clinical course of SARS and MERS
was highly similar, and SARS and MERS may have similar patho-
genesis. The genome sequence of SARS-CoV-2 also shows some
similarities to that of MERS-CoV [6].

Due to the unknown nature of the disease and lack of spe-
cific drugs, several potential treatments were used for patients
[7]. None of the therapeutic modalities have been shown to be
efficacious. However, dexamethasone has been shown to decrease
mortality especially among patients receiving invasive mechanical
ventilation [8]. Several antimicrobials have been under investiga-
tion; some have already been shown to be in-effective such as the
antimalarial drug, hydroxychloroquine, others are still undergo-
ing clinical trials. Remdesivir, is the only antiviral drug that has
been issued by an FDA as Emergency Use Authorization on May 1,
2020. Remdesivir has been shown in clinical trials to be superior to
placebo in shortening the time to recovery in adults who were hos-
pitalized with Covid-19 pneumonia but without significant effect
on mortality [9].

Favipiravir (T-705; 6-fluoro-3-hydroxy-2-pyrazineca
rboxamide) is an anti-viral agent that selectively and potently
inhibits the RNA-dependent RNA polymerase (RdRp) of RNA
viruses. Favipiravir is safe and effective against a wide range of
types and subtypes of influenza viruses, including strains resis-
tant to existing anti-influenza drugs. It has been suggested as a
treatment for SARS-CoV-2 patients [10].

In the current global COVID-19 pandemic, there is a compelling
need to explore an effective pharmacological therapy. We therefore
carried out this study to assess the efficacy of Favipiravir compared
to standard of care in the treatment of patients who were diagnosed
to have severe COVID-19 infections in aretrospective cohort design.

Materials and methods
Study design

This is a retrospective cohort of patients with COVID-19 pneu-
monia whose infections were confirmed with a positive polymerase
chain reaction (PCR) test and were treated with favipiravir, com-
pared to a group that received the standard of care only. Favipiravir
was given as aloading of 1600 mg or 1800 mg for two dosesonday 1,
followed by a maintenance dose of 600 mg or 800 mg twice daily for
7-10 days. The two groups; case series and comparison group were
matched based on age, gender, initial oxygen requirement, initial
admission to ward versus ICU, and comorbid conditions. Medical
records of all patients were reviewed as the source of the data for
this study. Patients were included in the study if they full filled
all of the following criteria: 1) age was 18 years or more, 2) had
a PCR-confirmed COVID-19 infection, 3) had pneumonia on chest
imaging (chest X-ray or CT scan), 4) were admitted to the hospi-
tal, 5) had oxygen saturation less than 94% on room air, and, 6)
required supplemental oxygen of 3 L/minute or higher. Patients
who received favipiravir constituted the study group and those who
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did not (i.e. received only the standard of care) constituted the com-
parison group. Furthermore, patients were excluded from the study
group if they received favipiravir more than 14 days after obtaining
the swab for COVID-19 diagnosis, and if they received 2 days or less
of the study drug. Pregnant females were not offered favipiravir due
to its known teratogenic effect and therefore were also excluded.
In the Favipiravir arm, all patients who met the inclusion criteria
were enrolled in the study consecutively from May 29, 2020 until
October 27, 2020. On the other hand patients in the comparison
group were diagnosed between April 18, 2020 to August 4, 2020
and enrolled between May and October.

The study was conducted in a single tertiary care center in Al-
Ahsa, Eastern Province, Saudi Arabia. Almoosa Specialist Hospital
is a 220-bed tertiary care center and the largest healthcare facil-
ity in Alahsa, Saudi Arabia, serving a local catchment population
of over 1.4 million people with all medical specialties available.
A national treatment guideline developed by the Saudi Ministry
of Health was followed in the management of all patients; favipi-
ravir was chosen as one of the treatment modalities for moderate
to severe COVID-19 infections. Initially, favipiravir was not always
available and therefore it was sporadically offered to patients who
presented with COVID-19 infection early in the pandemic; there-
fore the majority of the comparison group were enrolled early in
the pandemic, after stable supplies were secured, favipiravir was
given to all patients who met the inclusion criteria.

The primary outcome of the study was crude mortality in both
groups at days 14 and 28, in addition to the overall mortality. Sec-
ondary outcome measures included time to resolution of fever, the
need for assisted ventilation, and the time to recovery.

The study was approved by the ethics committee of Almoosa
Specialist Hospital, with IRB log number (ARC-20.10.6).

Definitions

Cytokine storm was diagnosed when patients had rapidly wors-
ening respiratory signs and symptoms in the absence of systemic
bacterial or fungal co-infections plus two or more of the following
criteria: (1) Ferritin >300 ng/mL with doubling within 24 h, (2) Fer-
ritin > 600 ng/mL at presentation with LDH > 250 U/L, (3) D-Dimer
>1 mcg/mL, (4) CRP > 70 mg|/L.

Data collection and management

The study team developed a data collection form composed of
6 sections and 74 items covering demographic profile, comorbid
conditions, clinical presentations, laboratory and radiological find-
ings, therapies received, and outcomes. The content, construct and
validation of the data collection form was done by a team of infec-
tious diseases’ specialists, an epidemiologist and a biostatistician. A
follow up phone call was made to all patients who were discharged
earlier from the hospital to assess the day-14, day-28 outcomes,
and the overall mortality. Data was collected by a group of eight
resident doctors. The research team conducted all data manage-
ment steps and statistical analysis, implemented and maintained
research and data quality; generated, documented, and reported
in compliance with the protocol and in accordance with the stan-
dards of Good Clinical Practice (GCP). The research teamrevised and
verified the collected data for accuracy and completion. The statis-
tical software, statistical package for social science (SPSS) V25, was
used for data analysis. Both descriptive and inferential statistics
were conducted. Categorical data was presented as numbers and
percentages, while continuous data was presented as means with
standard deviations. Chi-square test was used to compare categori-
cal data, while the Student’s t-test was used to compare continuous
variables. A multivariate regression analysis was used to assess for
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Table 1
Comparison of baseline characteristics of Favipiravir and control group (n = 226).
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Characteristics Favipiravir group Standard of care p-value
(n=110) (n=116)

Age, years (mean =+ SD) 56.8 +15.6 56.5 + 16.0 0.88

Gender, number (%)

Male 68 (61.8%) 70 (60.3%)

Female 42 (38.2%) 46 (39.7%) 0.82
Nationality, number (%)

Saudi 95 (86.4%) 90 (77.6%)

Non-Saudi 15 (13.6%) 26 (22.4%) 0.08
Swab to admission, days (mean + SD) 5.5 +4.1 48+34 0.35
Swab to favipiravir therapy, days (mean =+ SD) 6.3 +4.1 Not applicable
Initial Admission, number (%)

To ward 104 (94.5%) 113 (97.4%)

To ICU 6 (5.5%) 3(2.6%) 0.27
BMI, kg/m? (mean + SD) 329+8.6 31.2+69 0.12
Cigarette Smoking, number (%)

Smoker 11(10.0%) 18(14.5%)

Non-smoker 99 (90.0%) 98 (84.5%) 0.27
Charlson Comorbidity Index, mean & SD 3.0+25 3.1+26 0.70
Hypertension, number (%) 69 (62.7%) 65 (56.0%) 0.30
DM, number (%) 58 (52.7%) 62 (52.6%) 0.91
CAD, number (%) 12(10.9%) 16 (13.8%) 0.51
Bronchial asthma, number (%) 8(7.3%) 6 (5.2%) 0.49
Sickle Cell Anemia, number (%) 4(3.6%) 3(2.6%) 0.65
COPD, number (%) 2(1.8%) 2(1.7%) 0.96
CKD, number (%) 9(8.2%) 9(7.8%) 0.92
CKD on Hemodialysis, number (%) 6 (5.5%) 5(4.3%) 0.70

Abbreviations: SD: standard deviation, ICU: intensive care unit, BMI: body mass index, CAD: coronary artery disease, CKD: chronic kidney disease, COPD: chronic obstructive

pulmonary disease, DM: Diabetes mellitus.

the independent risk factors of mortality. P-value of < 0.05 was
considered significant for all statistical tests.

Results

A total of 226 patients were included in this study; 110 patients
received favipiravir and 116 patients received standard of care only.
In the favipiravir group, 10 patients were excluded from the study;
five patients received 2 days or less of favipiravir therapy, and five
received their first favipiravir dose more than fifteen days after the
diagnosis.

The majority of patients had severe COVID-19 infections with
bilateral pneumonias (211/226 [93%]), were Saudi (185, [81.9%])
and males (138, [61.1%]). Patients in both groups did not have any
significant difference regarding age (56.8 + 15.6 versus 56.5 + 16.0
years, p = 0.88), male gender (68 [61.8%] versus 70 [60.3%], p =
0.82), and Saudi nationality (95 [86.4%] versus 90 (77.6%), p = 0.08).
The two groups had similar duration of time from swab to admis-
sion (5.5 + 4.1 versus 4.8 + 3.4 days, p = 0.35), but the favipiravir
group had more patients, although not significant, who were ini-
tially admitted to the ICU (6 [5.5%] versus 3 [2.6%], p = 0.27). In the
favipiravir group, the mean time from getting the swab for diag-
nosis of COVID-19 infection to receiving favipiravir was 6.3 (+ 4.1)
days (Table 1). Comorbid conditions were assessed in both groups.
Overall, hypertension was the most prevalent comorbidity (134,
[59.3%]), followed by diabetes mellitus (120, [53.1%]), and coronary
artery disease (28, [12.4%]). Patients in the two study groups had
similar Charlson comorbidity index (mean, 3.0 £+ 2.5 versus 3.1 +
2.6, p = 0.70), body mass index (BMI) (mean, 32.9 + 8.6 versus 31.2
+ 6.9, p = 0.12), and smoking habits (11 [10.0%] versus 18 [14.5%],
p = 0.27). Both the favipiravir and the standard of care group had
comparable baseline comorbid conditions that included hyperten-
sion, diabetes mellitus, coronary artery disease, bronchial asthma,
chronic obstructive pulmonary disease (COPD), sickle cell anemia,
and chronic kidney disease (CKD) including patients on hemodial-
ysis. Table 1 compares baseline characteristics of patients in both
groups.

Overall, fever and loss of taste were the commonest present-
ing symptoms (each was documented in 210/226 patients [92.9%])
among all studied patients, followed by cough (195/226, [86.3%])
and shortness of breath (178/226, [78.8%]). The two study groups
had similar symptoms on presentation that included fever, cough,
shortness of breath, loss of taste, nausea, vomiting and diarrhea,
Table 2. On the other hand, patients in the favipiravir group were
more likely to present with tachycardia (44 [40.0%] versus 23
[19.8%], p = 0.001), and tachypnea (54 [49.1%] versus 24 [20.7%],
p = 0.0005), and were more likely to develop the cytokine storm
(70 [63.6%] versus 35 [30.2], p = 0.0005). Laboratory findings are
also shown in Table 2. Absolute lymphocyte count was signif-
icantly lower in patients who received favipiravir (mean + SD,
690 + 430 versus 970 + 610 cells/ul, p = 0.0005), while other
hematological findings (leukocyte count, hemoglobin, platelets,
and met-hemoglobin) were comparable in the two study groups.
Markers of inflammation, namely C-reactive protein (CRP), ferritin
and lactate dehydrogenase (LDH) tended to be higher in patients
in the favipiravir group than the standard of care group (mean
+ SD; 179.9 + 100.8 versus 145.9 + 93.5, p = 0.02, 1220 versus
778, p = 0.005, and 563.1 + 316.3 versus 456.2 + 337.7, p = 0.02,
respectively). Other laboratory variables that included D-dimer,
creatinine, blood urea nitrogen (BUN), liver enzymes (ALT and AST),
and troponin [ were all comparable in the two groups. The rates of
hematological, renal and liver function test abnormalities were not
significantly different between patients in the favipiravir and the
control groups throughout the study. Uric acid was not tested in
our cohort of patients. Patients in the favipiravir group were more
likely to have laboratory-confirmed bacteremia than the control
group (12 [10.9%] versus 5 [4.3%], p value = 0.01), while laboratory-
confirmed secondary bacterial pneumonia was comparable in the
two groups (9 [8.2%] versus 7 (6.0%), p = 0.52). Blood pathogens
isolated included Coagulase negative Staphylococcus (CoNS) in 3
patients and Candida albicans in 2 patients in the control group,
while the pathogens in the favipiravir group were CoNS in 4 patients
and Stenotrophomonas maltophilia in 2 patients, while Acinetobac-
ter baumanii, Pseudomonas aeruginosa, Candida krusei, Enterococcus
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Table 2
Comparison of clinical and laboratory findings (n = 226).
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Findings: Signs and symptoms Favipiravir group Control group p-value
(n=110) (n=116)

Fever, number (%) 105 (95.5%) 105 (90.5%) 0.14
Cough, number (%) 94 (85.5%) 101 (87.1%) 0.72
Dyspnea, number (%) 90 (81.8%) 88 (75.9%) 0.27
Loss of taste, number (%) 105 (95.5%) 105 (90.5%) 0.14
Nausea, number (%) 12 (10.9%) 7 (6.03%) 0.18
Vomiting, number (%) 12 (10.9%) 7 (6.03%) 0.27
Diarrhea, number (%) 12(10.9%) 8(6.9%) 0.28
Tachypnea, number (%) 54 (49.1%) 24 (20.7%) 0.0005
Tachycardia, number (%) 44 (40.0%) 23(19.8%) 0.001
Cytokine storm, number (%) 70 (63.6%) 35(30.2%) 0.0005
Laboratory findings
Leukocytes, x10° cells/L (mean + SD) 6.4+4.1 57+22 0.13
Hemoglobin, g/dl (mean + SD) 109 +29 11.1+£25 0.60
Platelets, x10° cells/L (mean + SD) 189.1 £114.1 2169 +£110.2 0.06
ALC, cells/pL (mean + SD) 690 + 430 970 +£ 610 0.0005
CRP mg/L (mean + SD) 179.9 +100.8 1459 +£93.5 0.02
Ferritin, ng/mL (mean 4 SD) 1220 + 2604 778 + 1250 0.005
LDH U/L (mean + SD) 563.1 +316.3 456.2 +£337.7 0.02
D-Dimer mcg/mL (mean =+ SD) 2.7+29 25+23 0.68
Methemoglobin g/dL (mean + SD) 1.3+0.5 1.3 +0.97 0.88
ALT, IU/L (mean + SD) 51.0 +48.5 51.1+£50.9 0.98
AST, IU/L (mean + SD) 57.1 £50.7 474 +419 0.17
Creatinine umol/L (mean + SD) 183.8 +£165.5 155.3 +£148.4 0.22
BUN mg/dL (mean + SD) 21.8 +£15.0 219+ 13.6 0.98
Troponin ng/mL (mean =+ SD) 33+22 42+24 0.10
Sputum culture growing a bacterial pathogen, number (%) 9(8.2%) 7 (6.0%) 0.52
Blood culture growing a bacterial pathogen, number (%) 12 (10.9%) 5(4.3%) 0.01
Chest X ray findings, number (%)

Unilateral infiltrate 3(2.7%) 12 (10.3%)

Bilateral infiltrate 107 (97.3%) 104 (89.7%) 0.001

Abbreviations: SD: standard deviation, ALC: Absolute lymphocyte count, ALT: alanine transaminase, AST, aspartate transaminase, BUN: blood urea nitrogen, CRP: C-reactive

protein, Hgb: hemoglobin, LDH: lactate dehydrogenase.

faecalis, Corynebacterium jekium, Klebseilla pneumoniae, and Strepto-
coccus agalactiae were isolated in one patient each. All patients had
lung infiltrates on chest X rays with the majority of patients show-
ing bilateral pulmonary infiltrates but this was more commonly
seen in the favipiravir group (107 [97.3%] versus 104 [89.7%], p =
0.001).Table 2 outlines clinical, laboratory and radiological findings
in patients in both groups.

All patients (100%) in both groups who were included in the
study received supplemental oxygen. More patients in the favipi-
ravir group than the standard of care group received corticosteroids
(109[99.1%] versus 88 [75.9%], p=0.005), therapeutic doses of clex-
ane (87 [79.1%] versus 74 [63.8%], p = 0.01),and tocilizumab (36
[32.7%] versus 8 [6.9%], p=0.001). On the other hand, patients in the
standard of care group were more commonly prescribed vitamin C
(84 [72.4%] versus 60 [54.5%], p = 0.005) and prophylactic doses of
clexane (42 [36.2%] versus 23 [20.9%], p = 0.01). Otherwise, patients
in both groups were treated with comparable rates of narrow and
broad-spectrum antimicrobials in addition to other supplemental
therapies as summarized in Table 3. Clinical outcomes were com-
pared in the two study groups. Patients who received favipiravir
had longer (but not significant) time to recovery (14.2 4 8.8 versus
12.8 + 5.2, p = 0.17), had significantly longer duration of fever (4.9
+ 4.1 versus 3.9 + 2.9 days, p = 0.05), were more likely to require
assisted ventilation (57 [51.8%] versus 34 [29.3%], p = 0.001), and
developed adult respiratory distress syndrome (ARDS) more com-
monly than the standard of care group (18 [16.4%] versus 5 [4.3%],
p =0.001). On the other hand, patients in the favipiravir group had
longer time to mortality (20.8 &+ 10.4 versus 17.5 + 13.4) but the
difference was not statistically significant (p = 0.29). Favipiravir
was associated with an improved early day 14 mortality (4 [3.6%]
versus 11 [9.5%]), p = 0.008), but was associated with a higher day
28 mortality (26 [23.6%] versus 11 [9.5%], p=0.02). The overall mor-
tality was higher in the favipiravir versus the standard of care group

but difference was not statistically significant (33 [30.0%] versus 24
[20.7%], p = 0.10). Table 4 summarizes all clinical outcomes in both
study groups. In a multivariate analysis for the independent risk
factors, binary logistic regression was applied for; mortality, admis-
sion to ICU, signs and symptoms of presentation (tachycardia and
tachypnea), cytokine release storm and lab results (lymphocytes).
They were modeled comparing the two study groups. They all rev-
eled significant difference between the two groups except in the
death rate. Odds ratio (OR) and p-values were [(1.6, p-value 0.1),
(1.9, p-value 0.02), (2.7, p-value 0.001), (3.7, p-value 0.0005), (4,
p-value 0.0005) and 0.33, p-value 0.005] respectively.

Discussion

Favipiravir has been used in many countries in the world as part
of the regimens to treat COVID-19 infections. Yet data from large
prospective, blinded, and placebo-controlled studies on the use of
favipiravir to treat severe COVID-19 infection is lacking. Here, we
report the results of our study assessing the efficacy of favipiravir in
110 patients compared to a matched control group of 116 patients
who did not receive favipiravir; all patients were treated during
the peak of the pandemic in a single center from Saudi Arabia, and
all had severe COVID-19 infections with 93% having bilateral pneu-
monias. The study, despite its limitations, has multiple points of
strength that include the treatment of all patients according to a
standardized approach in a single-center following one protocol,
comprising patients who were severely ill with COVID-19 infec-
tions, and provides data that represents real-world experience of
COVID-19 treatment challenges.

There are few important findings in our study that should be
highlighted. First, the use of favipiravir in this cohort of patients
with severe COVID-19 infections did not show any significant
improvement in the assessed clinical outcomes; patients who
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Table 3

Comparison of supplemental therapies given to favipiravir and control groups, (n = 226).
Therapy Favipiravir group Control group P-value

(n=110) (n=116)

Oxygen Therapy 110 (100%) 116 (100%) 031
Aspirin 23(20.9%) 18 (15.5%) 0.29
Azithromycin 100 (90.9%) 108 (93.1%) 0.54
Ceftriaxone 89 (80.9%) 95 (81.9%) 0.84
Clexane, prophylactic dose 23(20.9%) 42 (36.2%) 0.001
Clexane, therapeutic dose 87 (79.1%) 74 (63.8%) 0.01
Corticosteroids 109 (99.1%) 88(75.9%) 0.0005
Glycopeptide 18 (16.4%) 16 (13.8%) 0.59
Levofloxacin 63 (57.3%) 56 (48.3%) 0.17
Meropenem 20(18.2%) 21(18.1%) 0.98
Pentoxyfylline 8(7.3%) 1(0.86%) 0.01
Piperacillin/tazobactam 56 (50.9%) 55 (47.4%) 0.59
Tocilizumab 36 (32.7%) 8(6.9%) 0.001
Vitamin C 60 (54.5%) 84 (72.4%) 0.005
Zinc 63 (57.3%) 62 (53.4%) 0.56

Table 4

Comparison of clinical outcomes between Favipiravir group and control group (226).
Outcome Favipiravir group Control group p-value

(n=110) (n=116)

Days from admission to recovery - patients who recovered, (mean + SD) 14.2 + 8.8 128 +£5.2 0.17
Duration of fever, days (mean =+ SD) 49+41 39+29 0.05
Need for assisted ventilation, number (%) 57 (51.8%) 34(29.3%) 0.001
Duration of assisted ventilation, days (mean 4 SD) 114 +8.1 104 +10.1 0.65
Duration of non-assisted oxygen supplementation, days (mean + SD) 6.3+5.7 6.2+39 0.87
Development of ARDS 18 (16.4%) 5(4.3%) 0.001
Days from swab to mortality, (mean £ SD) 20.8 £10.4 175+ 134 0.29
Day 14 mortality, number (%) 4(3.6%) 11 (9.5%) 0.008
Day 28 mortality, number (%) 26 (23.6%) 11 (9.5%) 0.02
Overall mortality, number (%) 33 (30.0%) 24 (20.7%) 0.10

Abbreviations: SD: standard deviation, ARDS: adult respiratory distress syndrome.

received favipiravir had longer duration of fever, were more likely
to require assisted ventilation, and developed ARDS at a higher rate
than the control group. In the current study, favipiravir was given
to patients after a mean of 6.3 days; this was partly due to the
delay in getting the results of the PCR test, and partly due to the
preset requirement to have the patient on oxygen to be eligible
for favipiravir therapy. Therefore, favipiravir therapy was com-
monly started late in the course of illness of these patients; this
may have contributed to the lack of a meaningful favorable clinical
impact for favipiravir; early anti-viral therapy (within 48 h) has
been suggested to improve outcomes of mild-moderate COVID-
19 infection as reported by Doi et al. [11], Wu et al. [12], and
Oruc et al. [13]. Nonetheless, lack of a clinical benefit of favipi-
ravir in comparison to other therapies or standard of care is not
unique to our study, but was reported in other multiple studies;
Guner et al. [14] reported increased ICU admission when favipi-
ravir was compared to hydroxychloroquine, while Chen et al. [15]
and Shrestha et al. [16], in 2 separate meta-analyses, reported
that favipiravir therapy showed no effect on viral clearance or the
need for assisted ventilation when compared to other therapies or
to standard of care. Similar findings were reported by Chen [17]
who, in a randomized study, compared favipiravir to Arbidol and
reported no added benefit of favipiravir therapy concerning ICU
admission, the need for assisted ventilation or all-cause mortality.
Contrary to our findings, improved clinical outcomes and/or viral
load reductions were reported in multiple underpowered small
studies that mostly examined patients with mild-moderate COVID-
19 infections Cai [18] Dabbous [19], Udwadia [20], Manosuthi
etal. [21], Dabbous [22].

Second, recipients of favipiravir had significantly lower mor-
tality at day 14 of follow up. Yet this effect was not sustained,
and indeed was reversed on day 28 of follow up when the mor-

tality was significantly higher in the favipiravir group. The final
overall mortality, albeit higher in the favipiravir group, was not
statistically different in the two groups. This dramatic change in
mortality between the 2 groups from day 14 to day 28 cannot be
simply explained by one factor (i.e. favipiravir) but this is likely
to represent multiple confounding factors affecting this cohort
of patients. Furthermore, although patients in the two groups
were matched for age, gender, oxygen requirement, initial admis-
sion to ICU, and comorbid conditions, yet patients who received
favipiravir were more likely to have worse clinical findings (tachyp-
nea, tachycardia, and cytokine storm), lymphopenia, and elevated
inflammatory markers; all of these constitute criteria of a more
severe illness and may likely have contributed to the mortality
recorded in the favipiravir group. In addition, bacteremia was more
commonly encountered in patients in the favipiravir group, many
of these pathogens are difficult to treat, carry additional risks, and
probably represent additional risk for the mortality seen in the
favipiravir group. Our data are comparable to the findings reported
in two other studies that addressed the outcomes of antiviral
treatment of severe COVID-19 infections with favipiravir versus
lopinavir/ritonavir; Solaymani-Dodaran et al. [23] reported no sig-
nificant effect of favipiravir in terms of mortality (26 [13%] versus
17 [11%]), ICU admission, or mechanical ventilation in compari-
son to lopinavir/ritonavir, while Kocayigit et al. [24] reported a
high mortality in patients with severe COVID-19 infections who
received favipiravir with a mortality rate of 66.2% versus 54.3%
in the comparator drug. In another study by Khamisa et al. [25]
where the use of favipiravir plus inhaled interferon beta-1b was
compared to hydroxychloroquine in patients with moderate to
severe COVID-19 infection, favipiravir therapy was reported to
have no significant advantage in regards to ICU admission (18.2%
vs 17.8%; p = 0.960), and overall mortality (11.4% vs 13.3%; p
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= 0.778). Finally, in a study on a group of critically ill patients
with severe COVID-19 infections who were mechanically venti-
lated, Irie et al. [26] evaluated favipiravir serum concentrations
after the usual 1600 mg dose, and found much lower concen-
trations in this group compared to healthy subjects. This finding,
if confirmed in other studies, would represent additional thera-
peutic challenges and may provide another explanation for the
lack of clinical benefit of favipiravir in critically ill COVID-19
patients.

Third, although favipiravir use in our study with severe COVID-
19 infections was not associated with any clinical benefit or
improved mortality, yet in the multivariate regression analysis,
favipiravir was not found to be a risk factor of mortality. Further-
more, in our study, we did not find any specific safety concerns
regarding the use of favipiravir in this group of severely infected
patients versus the comparison group. Despite the findings by
Pramod Kumar recent study that reported drug-induced liver injury
(DILI) in patients treated with favipiravir for COVID-19[27], our lat-
ter finding is important to pave the way to further investigate this
drug in additional studies.

Besides favipiravir, other group of drugs tried and revealed
variant level of effect were; remdesivir, nonstructural proteins
(eg, 3-chymotrypsin-like protease, papain-like protease, RNA-
dependent RNA polymerase), which share homology with other
novel coronaviruses (nCoVs). Moreover, Hydroxychloroquine or
chloroquine, often in combination with a second-generation
macrolide, are being widely used for treatment of COVID-19
[28-31].

Our study has several limitations inherent to its design; its retro-
spective approach, the non-randomized nature with the potential
risk of selection bias, the potential for unmeasured confounders
that cannot be completely excluded especially in relation to lack
of matching between the two study groups in relation to the dis-
ease severity, being a single-center study, and the relatively small
sample size.

In conclusion, in our cohort of patients with severe COVDI-19
infections, the addition of favipiravir to standard of care was not
associated with any meaningful improvement in clinical outcomes
or mortality. Larger randomized controlled clinical trials with early
initiation of favipiravir within 48 h of presentation are needed to
further assess the efficacy of favipiravir in the treatment of patients
with severe COVID-19 infections.
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