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Background: The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is 
a novel strain that causes acute respiratory illnesses known as coronavirus disease 2019 
(COVID-19). Currently, there is limited information regarding the therapeutic management 
for this disease. Several studies have stated that antivirals drugs such as remdesivir, favipir
avir, and lopinavir/ritonavir may potentially inhibit the virus from spreading to the host.
Objective: The aim of this systematic review was to summarize the clinical effectiveness 
and safety of remdesivir, favipiravir, and lopinavir/ritonavir on COVID-19.
Methods: The PubMed and Cochrane Library databases were searched up to July 2021 to 
identify eligible experimental randomized controlled trials on remdesivir, favipiravir, and 
lopinavir/ritonavir for COVID-19 patients. This systematic review followed the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline.
Results: From 158 references, 15 studies were included in the review. The results showed 
that remdesivir has some potential benefits for hospitalized COVID-19 patients, as seen from 
clinical improvements such as faster recovery time, less duration of hospitalization, and 
fewer respiratory side effects among COVID-19 patients. However, the impact of remdesivir 
in reducing mortality remains uncertain. Treatment with favipiravir has shown promising 
improvement in the clinical status of COVID-19 patients, although the results suggested no 
significant differences in some clinical parameters such as length of hospitalizations and 
clinical recovery. A combination of favipiravir with other supportive therapy showed more 
favorable outcomes for COVID-19 patients. Furthermore, the use of lopinavir/ritonavir in 
COVID-19 patients reported no significant clinical improvement compared to standard care 
with notable adverse effect reactions.
Conclusion: This study provides an overview of the evidence-based role of remdesivir, 
favipiravir, and lopinavir/ritonavir in the management of COVID-19. A thorough assessment 
of the benefit-risk profile in COVID-19 patients is urgently needed. The current review was 
based on very limited available data; therefore, further well-designed clinical trials are 
required.
Keywords: COVID-19, antiviral drugs, SARS-CoV-2, remdesivir, lopinavir/ritonavir, 
favipiravir

Introduction
COVID-19 is a disease resulting from a brand-new form of severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), which originated in Wuhan, China. The 
World Health Organization (WHO) has mentioned this disease as a state of emer
gency and qualifies it as a pandemic on March 11th, 2020.1 Furthermore, the global 
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fatality rate (CFR) for COVID-19 is predicted to be 
between 2% and 3%, which is almost 15 times higher 
than the CFR of seasonal influenza (0.0962%).2 Also, it 
was discovered that by July 1st, 2020, more than 
10 million people worldwide have been infected with 
SARS-CoV-2.3

Coronavirus (CoV), a genus in the family 
Coronaviridae, is a 25–32kb, single-stranded enveloped 
ribonucleic acid (RNA) virus with a positive perception 
which is the largest genome among RNA viruses.4 Alpha, 
Beta, Gamma, and Delta are the four genera that comprise 
the Coronaviridae family. However, only the Alpha and 
Beta genera are known to be pathogens in mammals and 
humans,5 whereby the SARS-CoV-2 is a type of beta 
coronavirus.4 The viral structural spike protein (S), 
which binds to the angiotensin-converting enzyme 2 
(ACE2) receptor, allows SARS-CoV-2 to enter and infect 
cells. Viral particles enter the cell via host receptors and 
endosomes that are attached to the receptor.6

COVID-19 is a public health emergency and currently 
poses a huge burden due to the dynamics of transmission 
and the polyphasic nature of the disease. Until now, no 
effective and clinically proven pharmacological treatment 
has been discovered. Therefore, an effective antiviral ther
apy strategy for SARS-CoV-2 may be beneficial in redu
cing the impact of COVID-19.7 Several therapeutic drugs 
have been investigated for COVID-19 treatment, however, 
no antiviral agents have been proven to be clinically 
effective.8

Among several repurposed drugs currently used against 
SARS-CoV-2, nucleoside analogs are one of the preferred. 
Furthermore, the main advantages of nucleotides over non- 
nucleoside antiviral agents include their applicability to 
a broad spectrum of viral strains or species and their 
ability to overcome antiviral resistance. This is due to the 
different polymerases mechanisms, that are common to 
most nucleoside analogs used in antiviral therapy, and to 
the well-conserved nature of the nucleotide-binding sites 
in the polymerases among the virus families. Among syn
thetic drugs being studied, nucleotide precursors which 
include favipiravir, oxypurinol, pentoxifylline, and purine 
analogue derivatives, are very essential, especially in the 
present day.9

Nucleoside synthesis and precursors are active against 
Human CoV (HCoV) species, especially SARS-CoV-2. 
The mechanism is particularly relevant for spike protein 
(S), RNA-dependent RNA-polymerase (RdRp), papain- 
like proteases (PLpro), and major proteases (Mpro, 

3CLpro). Therefore, administration of potential Mpro inhi
bitors such as lopinavir and ritonavir has often been 
reported for use in SARS, the Middle East respiratory 
syndrome (MERS), and COVID-19 patients. Also, the 
targeting of RdRp by antiviral drugs is a potential thera
peutic option that inhibits the polymerization of corona
virus RNA and results in viral replication,9 and one of the 
antiviral nucleoside analogues that work on the RdRp 
inhibitor process is Remdesivir.10

Currently, many clinical studies have discussed the 
potential use of antiviral agents such as remdesivir, favi
piravir, and lopinavir/ritonavir.2 Therefore, this article 
review was performed to see the effectiveness and safety 
of these antiviral drugs in COVID-19 treatment.

Methods
An electronic literature search was carried out on 
MEDLINE (PubMed) and Cochrane Library up until 
July 2021 to discover articles that provide information on 
the effectiveness of antiviral drugs such as remdesivir, lopi
navir/ritonavir, and favipiravir for COVID-19. Furthermore, 
The Preferred Reporting Items for Systematic Review and 
Meta Analyses (PRISMA) checklist was used for this sys
tematic review (Supplementary Material File 1). Also, the 
Mesh terms and free text words were used to search articles 
on the database. There were three search strings, which 
includes COVID-19, antiviral therapy, and effectiveness. 
The following keywords were used for the search, 
((“COVID-19”[Mesh]), “SARS-CoV-2”[Mesh], COVID 19 
Symptom*[tw] AND ((((“Antiviral Agents”[Mesh])), 
“remdesivir” [Supplementary Concept]), “lopinavir- 
ritonavir drug combination” [Supplementary Concept], 
“favipiravir” [Supplementary Concept]) AND ((“adverse 
effects” [Subheading]), “Drug-Related Side Effects and 
Adverse Reactions” [Mesh]), “Treatment Outcome” 
[Mesh]). The detail of the search terms in all databases is 
provided in the Supplementary Material File 2.

All search records were collected and checked for dupli
cates. The selection was conducted in two stages, which 
include the title and abstract followed by the full-text screen
ing processes that were performed by WFQ, DNP, and SHA, 
after which the difference of opinion was resolved with VFP 
and NZ. The following inclusion criteria was used for the 
screening purposes, ie, published randomized controlled 
trials (RCT) assessing the effectiveness of one of the anti
viral drugs (remdesivir, lopinavir/ritonavir, and favipiravir) 
for the treatment of COVID-19 and were published in 
English. The exclusion criteria include the pre-clinical 
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studies on animals and cells, any protocol articles, review 
articles, conference proceedings, and non-English studies.

Risk of Bias Assessment
The Cochrane Risk of Bias 2 (RoB 2) tool for RCTs was 
used to assess the risk of bias in the included studies using 
five domains such as randomization process, deviations 
from intended interventions, missing outcome data, mea
surement of the outcome, and selection of the reported 
result.11 The overall bias for each study was then classified 
as high, based on the criteria listed in the RoB 2 detailed 
guideline.12 The graph was then derived from this tool, 
subsequently.

Result
Study Selection and Systematic Search
The article selection process is depicted in the PRISMA flow 
chart in Figure 1. The initial search retrieved 158 articles 
from PubMed and Cochrane Library, and after the removal 
of 43 duplicates, 115 articles were screened based on title 
and abstract and a total of 97 were removed. According to 
the inclusion criteria mentioned above, 18 articles were 
included in the full-text screening. Finally, after the removal 

of 3 studies, a total of 15 studies met the final inclusion 
criteria, thus were included in the review (Figure 1).

Antiviral Therapy for COVID-19 
Treatments
A narrative summary of RCT results is presented in 
Table 1 to show the main characteristics of the included 
studies, in which 6 out of the final 15 were assessing the 
effectiveness of remdesivir, while three of them were 
focused on lopinavir/ritonavir, and seven studies were 
evaluating favipiravir.

Remdesivir
In this systematic review, five of six articles8,13–16 showed 
better clinical improvement in patients treated with remde
sivir, although two of them13,16 did not provide 
a significant difference in comparison. Furthermore, 
a single article showed that combining treatment with 
baricitinib gave significantly better results than remdesivir 
alone.17 However, in terms of safety, two of six articles 
showed that administration of remdesivir resulted in 
higher mortality and more side effects than the 
comparison14,15 and one article showed that the side 
effects in patients were not related to drug intervention.13

158 records identified through 
databases searching in PubMed 

(n=66) and The Cochrane Library 
(n=92)

43 duplicates

115 articles screened

97 articles were excluded :

a. Different topic : 75
b. Studies on animal/pre-clinical : 1
c. Protocol :  19
d. Non English studies : 1

18 full text articles assessed for 
eligibility

3 articles were excluded :

a. Do not discuss SARS-COV-2 : 1
b. Small number of samples : 1
c. Not RCT study : 1

15 articles included for review
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Figure 1 PRISMA flow diagram depicting the process of the study selection. 
Note: Adapted from Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. 2021;372:n71.60 

Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; RCT, randomized controlled trial.
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Wang et al investigated the clinical improvement of 
adult patients that were hospitalized and administered 
intravenous remdesivir for 10 days. A total of 237 
COVID-19 patients were randomly recruited for this ran
domized, double-blind, placebo-controlled trial with 158 
for the remdesivir group and 79 for the placebo group. The 
results showed that remdesivir did not significantly 
increase clinical improvement, and viral clearance in 
patients but showed a slightly better clinical improvement 
time than placebo in patients receiving remdesivir within 
10 days of symptom onset in the ITT (Intention-To-Treat) 
population (median 18.0 days [IQR (Interquartile range) 
12–28] vs 23 days [IQR 15–28]; HR [Hazard Ratio], 1.52 
[95% CI [Confidence Interval] 0.95–2.43]). Between the 
two groups, there was no significant difference in the 
clinical improvement time (median 21 days [IQR 13–28] 
for the remdesivir group vs 23 days [IQR 15–28] for the 
placebo group; HR 1.23 [95% CI 0.87–1.75]). At 28 days, 
the remdesivir group had a higher mortality rate than the 
placebo (14% vs 13%), but all deaths that occurred during 
the follow-up were assessed to be unrelated to the inter
vention. Side effects were experienced by 66% and 64% of 
those that were administered remdesivir and placebo, 
respectively. Subsequently, more patients in the remdesivir 
group discontinued therapy because of side effects than 
those in the placebo (12% vs 5%).13

Spinner et al and Goldman et al also investigated the 
effectiveness of remdesivir therapy for the period of 5 and 
10 days. Both discovered no significant difference between 
5 days versus 10 days remdesivir,14,15 especially during 
recovery and the period at which the oxygen support is 
stopped.15 However, in terms of clinical status, the 5-day 
remdesivir arm substantially outperformed the standard 
care arm with an odds ratio (OR) of 1.65; 95% CI 1.09– 
2.48; P = 0.02.14,15 According to14 the hospital discharge 
time for the 5-day treatment group was shorter (60%). In 
both studies, side effects occur more frequently in the 10- 
day treatment group in both studies, but serious side 
effects were more frequent in the standard care group 
(9% vs 5%).15 The most common of these side effects 
reported include nausea, hypokalemia, and headaches.15 

Furthermore, the mortality on day 28 was recorded 
among 1% of the patients in the 5-day care group, 2% in 
10-day, and 2% in the standard care group.15 The results of 
Goldman’s study of the benefits cannot be determined 
because there was no placebo control in the study.14

Beigel et al evaluated remdesivir in 1062 adult 
patients with COVID-19 in a double-blind, randomized, 

and placebo-controlled trial with 541 were given remde
sivir and 521 were administered placebo. Furthermore, 
patients treated with remdesivir had shorter recovery time 
(10 vs 15 days with a recovery ratio of 1.29; 95% CI, 
1.12–1.49; P < 0.001), lower mortality (6.7% vs 11.9% 
at day 15; 11.4% vs 15.2% at day 29; HR 0.73; 95% CI, 
0.52–1.03), shorter hospital stay (12 vs 17 days) and 
fewer serious side effects than placebo (24.6% vs 
31.6%). Remdesivir also prevents the development of 
respiratory disease, as evidenced by the low number of 
patients experiencing respiratory side effects and the low 
need for oxygen therapy.8

Remdesivir-related mortality was evaluated by Pan et al 
compared to the control group with 2743 patients received 
treatment with remdesivir and 2708 control patients received 
standard local care. The result showed that the remdesivir- 
treated group recorded 301 fatalities compared to 303 in the 
control group (relative risk (RR) 0.95; 95% CI 0.81–1.11; 
P = 0.50). After randomization, ventilation initiation begins 
among 295 and 284 subjects in the remdesivir-treated arm 
and the control arm, respectively. Considering the results, 
remdesivir had no effect on reducing patient death or initia
tion of ventilation in patients with COVID-19.16

Furthermore, Kalil et al conducted a study comparing 
the response of baricitinib plus remdesivir to remdesivir 
plus placebo in hospitalized adult patients with COVID- 
19. In terms of clinical improvement and recovery time, 
baricitinib plus remdesivir showed better outcomes (7 vs 8 
days with a recovery rate of 1.16; 95% CI, 1.01–1.32; P = 
0.03), 28-day mortality (5.1% vs 7.8%, hazard-to-death 
ratio 0.65; 95% CI, 0.39–1.09) and serious adverse events 
(16% vs 21%; difference, −5.0 percentage points; 95% CI, 
−9.8 to −0.3; P = 0.03)17 than remdesivir alone.

Lopinavir/Ritonavir
Three articles discussed the effectiveness of lopinavir/rito
navir in the treatment of COVID-19, while two articles 
showed no significant benefit,18,19 but in terms of ICU 
length of stay, duration of hospital discharge, and clinical 
improvement at day 14, the lopinavir/ritonavir group was 
preferred.19 However, one article16 showed no effect of 
lopinavir/ritonavir treatment on the mortality of COVID- 
19 patients. In terms of safety, two articles discovered that 
the lopinavir/ritonavir group had a greater rate of adverse 
events.18,19

Treatment of COVID-19 early in the diagnosis helps to 
prevent disease exacerbation. The study on the effect of 
early treatment with lopinavir/ritonavir in COVID-19 
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patients was conducted by Reis et al. In this randomized 
clinical trial, 200 and 208 patients received lopinavir/rito
navir, and placebo as controls, respectively. The Cox 
model showed no statistically significant difference in the 
risk of hospitalization (based on ITT analysis, HR 1.16; 
95% CI 0.53–2.56 band based on PP analysis, HR 1.82; 
95% CI 0.76–4.35), with the hospitalization of 14 patients 
(5.7%) receiving lopinavir/ritonavir hospitalized for 
COVID-19, with a median time between randomization 
to an admission of 3.6 days (2.5–4.8 days), while in the 
placebo group 11 patients (4.8%) were hospitalized due to 
COVID-19 with a median time between randomization to 
the hospitalization of 2.4 days (0.8–3.2 days). In terms of 
virological clearance, there was no significant difference 
(OR 1.04; 95% CI 0.94–1.16) and symptom resolution as 
assessed using the WURSS (Wisconsin Upper Respiratory 
Symptom Survey) scale, in which chest tightness symptom 
resolution time had an HR of 0.99 (95% CI 0.65–1.51), 
dry cough symptom resolution time had an HR of 0.76 
(95% CI, 0.51–1.13), and sore throat symptom resolution 
time had an HR of 0.88 (95% CI, 0.64–1.22) based on ITT 
analysis. Ninety-two patients (39.7%) treated with lopina
vir/ritonavir experienced side effects, in which 20 (8.6%) 
were serious, but none resulted in discontinuation of treat
ment. Meanwhile, in the placebo group, 46 patients 
(20.9%) experienced side effects of treatment, of which 
12 (5.5%) were serious and none caused discontinuation of 
treatment. Also, 2 and 1 death were recorded in the lopi
navir/ritonavir and placebo treatment group at the end of 
this trial.18

Cao et al compared the effectiveness of lopinavir/rito
navir to standard care with the main outcome of clinical 
improvement in patients. Furthermore, adult patients with 
COVID-19 admitted to the hospital were studied in 
a controlled, randomized, open-label trial. Supplemental 
oxygen, antibiotics, invasive and non-invasive ventilation, 
renal replacement therapy, vasopressor support, and extra
corporeal membrane oxygen (ECMO) if needed were all 
part of the standard of treatment. According to this study, 
although the results obtained did not significantly provide 
a better clinical outcome for lopinavir/ritonavir than stan
dard care alone, the administration of lopinavir/ritonavir 
showed similar clinical improvement as patients in the 
standard care group (median, 16 vs 16 days; hazard to 
clinical improvement 1.31; 95% CI, 0.95–1.80, P = 0.90). 
The lopinavir/ritonavir arm had a reduced 28-day mortal
ity rate than the standard group (19.2% vs 25.0%; 95% CI, 
17.3–5.7). Furthermore, it also has a shorter ICU stay 

(median, 6 vs 11 days; 95% CI, −9 to 0) and less time in 
the hospital (median, 12 vs 14 days; 95% CI, 0–3) than the 
standard care arm. On day 14, patients in the lopinavir/ 
ritonavir arm showed a higher rate of clinical improvement 
than those in the standard arm (45.5% vs 30%; 95% CI, 
2.2–28.8). However, there were no notable variations in 
the terms of death time or oxygen treatment duration. 
Adverse events at day 28 occurred in almost half the 
number of the patients in both arms, with 51, and 32 
subjects in the lopinavir/ritonavir and standard group 
experiencing severe adverse events. Gastrointestinal side 
effects such as vomiting, diarrhea, and nausea were more 
prevalent in the lopinavir/ritonavir arm.19

Pan et al evaluated the mortality of patients receiving 
lopinavir/ritonavir. Furthermore, 1399 patients received 
lopinavir/ritonavir therapy and 1372 patients as controls 
received standard care. The results showed 148 death of 
patients in the lopinavir/ritonavir-treated group and 145 
deaths in the control group (rate ratio 1.00; 95% CI 
0.79–1.25; P = 0.97). Also, a total of 126 patients were 
ventilated in the lopinavir/ritonavir-treated group and 121 
patients in the control group. Therefore, based on this 
study, treatment with lopinavir/ritonavir had no influence 
on mortality and ventilation initiation in COVID-19 
patients.16

Favipiravir
Seven included articles that discussed the effectiveness of 
favipiravir in treating COVID-19 showed conflicting 
results. Three articles20–22 showed that favipiravir was 
not significantly different from the control group. 
Meanwhile, one article23 showed that the combination of 
favipiravir and tocilizumab produced better results. In 
addition, three articles24–26 showed that favipiravir was 
better than standard therapy (chloroquine and hydroxy
chloroquine), and it was also better when added as 
a supportive therapy.

Solaymani-Dodaran et al compared the addition of 
favipiravir and lopinavir/ritonavir (control) to the standard 
of care. The study was conducted among 373 patients, and 
the results showed mortality in 47 patients, of which 26, 
and 21 were favipiravir and lopinavir/ritonavir patients, 
respectively. Furthermore, 56 individuals were transferred 
to ICU (27 in the favipiravir group vs 17 in the lopinavir/ 
ritonavir group) and 44 of them were intubated (31 in the 
favipiravir group vs 25 in lopinavir/ritonavir group). The 
Favipiravir and lopinavir/ritonavir groups did not have any 
significant differences in ICU admissions (31 vs 25 
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patients), duration of stay in hospital (7 vs 6 days), clinical 
recovery (HR 0.94; 95% CI = 0.75–1.17), and SpO2 

changes during hospitalization (P = 0.46). However, lopi
navir/ritonavir had more side effects than favipiravir, spe
cifically gastrointestinal, allergic, and respiratory side 
effects. Based on these results, adding favipiravir to the 
standard of care was not much different from the lopinavir/ 
ritonavir group.20

Zhao et al studied the level of IL-6 in COVID-19 
patients (inflammatory biomarker) since IL-6 has an essen
tial role in the severity of the diseases. The results showed 
that 3 of 7 patients experienced a decrease in the percen
tage of lymphocytes and the death rate or invasive 
mechanical ventilation was less common in the favipiravir 
than in the combination group. Meanwhile, favipiravir and 
tocilizumab showed no significant difference. Therefore, 
the combination of favipiravir and tocilizumab can help 
COVID-19 patients with lung inflammation and mortality. 
On day 14, the combination group had a substantially 
greater cumulative pulmonary lesion remission rate than 
the favipiravir group (P = 0.019, HR 2.66 95% CI [1.08– 
6.53]), in the tocilizumab and favipiravir group there was 
a significant difference (P = 0.034, HR 3.16, 95% CI 0.62– 
16.10), but not between the combination and tocilizumab 
groups (P = 0.575, HR 1.28 95% CI 0.39–4.23). Nine 
patients in the combination group and 2 patients in the 
favipiravir and tocilizumab groups reported adverse reac
tions. The most common side effect was an increase in 
transaminases, especially after treatment with tocilizumab. 
However, there were no severe adverse reactions, and the 
patient’s adverse reactions subsided within a few days.23

The study of favipiravir was also carried out by 
Khamis et al by combining it with inhaled interferon 
beta-1b which was compared to standard treatment with 
hydroxychloroquine. The results showed no significant 
differences in inflammatory markers of discharge such as 
C-reactive protein (P = 0.413), lactate dehydrogenase (P = 
0.259), ferritin (P = 0.968), and IL-6 (P = 0.410); transfer 
to ICU (18.2 vs 17.8%, P = 0.960), duration hospital stay 
(7 days vs 7 days, P = 0.948), decreased in oxygen satura
tion (94% vs 95%) and mortality (11.4% vs 13.3%, P = 
0.778) between the two groups.21

Dabbous et al and Dabbous et al conducted studies 
comparing favipiravir with chloroquine24 and 
hydroxychloroquine.25 The results of the two studies 
showed no significant difference between the favipiravir 
and control groups. In general, it was suggested that the 
favipiravir was better than the control,24,25 and it also had 

a shorter hospital stay compared to the control group 
(13.29 ± 5.86 days vs 15.89 ± 4.75 days; P = 0.06024 

and 11.5 vs 12.4 days.25 Furthermore, no patient required 
mechanical ventilation or no patient had oxygen saturation 
below 90% (P = 0.129). In this study, 1, and 2 patients 
from the favipiravir and control group died (2.3% vs 
4.2%), (P = 1.00).24 Also, there was no significant differ
ence in D-dimer levels of over 1000 (6% vs 14%), in the 
main signs and symptoms including fever (36% vs 38%; 
P = 0.275) and dry cough (25% vs 30%; P = 0.574), at 
onset the mean PCR was negative for SARS-CoV-2 (8.3 
days vs 8.1 days), in which more than half of patients 
became PCR negative on or before day 7 of diagnosis 
(48% vs 55.1%; P = 0.7), and on viral clearance 
before day 7 (45.5% vs 68.2%; P = 0.379).25

Udwadia et al conducted a study to determine the 
effectiveness of adding favipiravir to supportive therapy. 
The results showed that the median time it takes the 
SARS-CoV-2 to stop spreading (5 days vs 7 days (95% 
CI = 4 days, 7 days) vs (95% CI = 5 days, 8 days), P = 
0.129), the median time to recovery from initial clinical 
symptoms (3 days vs 5 days (95% CI = 3 days, 4 days) vs 
(95% CI = 4 days, 6 days), P = 0.030), and time to 
discharge from hospital (P = 0.108 and in the moderate 
group 0.067) in the favipiravir-treated group were more 
favorable and tolerant than the control group. Also, favi
piravir has been observed to shorten the duration of early 
signs and symptoms in patients with mild-to-moderate 
COVID-19.26

Lou et al then conducted a study comparing antiviral 
activity from 3 groups as the favipiravir, baloxavir mar
boxil, and a control group (lopinavir/ritonavir or arbidol or 
darunavir/cobicistat) in adults hospitalized with COVID- 
19. The result found that there was no significant differ
ence between the three groups in making the virus in 
patients negative at 14 days (77% for favipiravir, 100% 
for the control group, 70% for baloxavir marboxil). 
Therefore, the median time it takes for clinical improve
ment with favipiravir, baloxavir marboxil, and the control 
group were 14 days, 14 days, and 15 days, respectively.22

Risk of Bias
Figure 2 depicts the RoB assessment in the included stu
dies. According to RoB 2 tool results, 8 studies out of 15 
included RCTs (54%) had some risk of bias, 2 studies had 
high risk of bias (13%) and 5 studies were deemed low in 
their risk of bias assessment (33%). In details, 93% of 
studies had low risk through a selection of the reported 
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result, 93% studies had low risk from measurement of the 
outcome, 100% had low risk of bias from missing outcome 
data, 87% were assessed as had a low risk of bias through 
deviations from intended interventions, and 47% studies 
had low risk of bias from randomization process.

Discussion
The new SARS-CoV-2 coronavirus, which first appeared in 
China at the end of 2019, has caused the deaths of more 
than 2 million people (2,886,728) by April 7, 2021,27 with 
enormous losses for global health and economy.28 This 
systematic review was conducted to assess three antivirals 
as potential treatments for COVID-19, ie, remdesivir, lopi
navir/ritonavir, and favipiravir. The results from this review 
suggested that remdesivir, in general, was potentially bene
ficial in improving clinical improvement of hospitalized 
COVID-19 patients, although some uncertainties remain 
on its effect on reducing mortality. Favipiravir alone or in 
combination with other supportive therapy has shown to be 
a promising option in improving clinical recovery for these 
patients. However, some results showed that there were no 
significant differences when compared with the control 
group. In addition, the results suggested that there was no 
significant clinical improvement for COVID-19 patients 
treated with lopinavir/ritonavir. These results mainly based 
on very limited clinical trials. Therefore, it is currently 
difficult to obtain any conclusive recommendation regard
ing the use of these antivirals in the clinical setting. 
A thorough assessment of the benefit-risk profile of these 
antiviral drugs for COVID-19 is urgently needed to provide 
a comprehensive view of the perceived clinical importance 

in these patients. The impact of an effective antiviral on the 
transmission of this virus through changing viral load and 
infectiousness of infected people during quarantine has to 
be studied in large-scale clinical trials.29 Several studies 
have shown promising results from existing antivirals as 
a therapy for SARS-CoV-2.3

Remdesivir is an RNA-dependent RNA polymerase 
(RdRp) inhibitor developed for the treatment of Ebola 
virus infection and is currently being tested for SARS- 
CoV-2 infection treatment.3 Furthermore, it has been 
approved by the FDA and recommended for the treatment 
of hospitalized COVID-19 patients aged 12 years and 
above and weighs at least 40 kg. It should only be admi
nistered in a hospital or in a health care setting capable of 
providing acute care comparable to inpatient hospital 
care.30 It was also affirmed that remdesivir is currently 
prescribed as one of the main treatments for COVID-19 in 
about 50 countries,31 and the maximum recommended 
daily dose is approximately 250 mg/kg of solvent used to 
dissolve the drug.32

The previous review stated that remdesivir is favor
able in patients with severe COVID-19 compared to 
placebo, although the safety data on the use of remdesivir 
is currently sparse.33 The systematic review and network 
meta-analysis conducted by Lai et al also showed that 
remdesivir helps to improve clinical outcomes of hospi
talized patients and demonstrates a promising role in 
treating patients with COVID-19.34 These results were 
in line with our review where remdesivir showed better 
results in terms of clinical improvement. However, it has 
no recommendation in patients requiring supplemental 

Figure 2 Risk-of-bias assessment of 15 included studies.
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oxygen. In the ACTT-1 (Adaptive COVID-19 Treatment 
Trial) no benefit in primary outcome clinical recovery 
(recovery rate ratio 0.98 95% CI 0.70 to 1.36) was 
observed in patients starting remdesivir while they were 
already on mechanical ventilation or extracorporeal 
membrane oxygenation.35

After the emergence of the new variant of SARS-CoV 
-2 variants, it is important to assess the efficacy of remde
sivir against these variants, as it is the only antiviral agent 
approved by the FDA for the treatment of hospitalized 
COVID-19 patients. Furthermore, one study analyzed the 
protein sequence and RdRp of SARS-CoV-2 as it is 
a target site for several vaccines and drugs including 
remdesivir. Among the emerging variants, a mutation 
was reported in one of the remdesivir-binding residues in 
nsp12. This high conservation of remdesivir-binding resi
dues did not show any evidence for remdesivir-resistant 
mutations.36

Another repurposed antiviral that was assessed as 
a potential treatment for COVID-19 was lopinavir/ritona
vir. Furthermore, this drug was an anti-HIV drug that is 
used to treat SARS-CoV-2, and its therapeutic effect is 
attributed to its ability to inhibit coronavirus a 3CLpro 
(3C-like proteinase).1 In a non-randomized open-label 
experiment, lopinavir/ritonavir was shown to enhance clin
ical outcomes in SARS and MERS patients by inhibiting 
the 3CLpro (3C-like proteinase).37 Meanwhile, Lopinavir/ 
ritonavir was the first anti-HIV drug, which was confirmed 
by the National Health Commission of China in the 
“Guidelines for the diagnosis and treatment of COVID- 
19 (Trial Edition 7)”.1

The results of the review showed that there was no 
significant difference between lopinavir/ritonavir which 
did not affect the mortality rate, and the control group. In 
the study conducted by Horby and Martin (2021), lopinavir/ 
ritonavir was not associated with a reduction in 28-day 
mortality, duration of hospital stay, or risk of progression 
to invasive mechanical ventilation or death. These results 
were consistent across subgroups of age, gender, ethnicity, 
duration of symptoms, number of rescue breaths, and esti
mated risk of death.38 It also showed no significant benefit 
in reducing the negative time of reverse transcription poly
merase chain reaction (RT-PCR), or chest CT clearance in 
patients with COVID-19.18,39 In addition, more patients 
treated with lopinavir/ritonavir progressed from mild/mod
erate to severe/critical status than patients in the arbidol and 
placebo groups.40 Lopinavir/ritonavir improves lung func
tion but cannot reduce viral replication.41 Also, it causes 

impaired renal function such as electrolyte, acid-base dis
turbances, and induces renal morphology. Additionally, 
lopinavir/ritonavir inhibits CYP enzyme binding, which in 
turn causes adverse drug reactions and increases the fre
quency and severity of other potential complications.42 

Lopinavir/ritonavir also affects the body’s immunoregula
tion which causes the initial growth of the virus to increase 
due to decreased immune function.43

In a study conducted by Grimaldi et al, there was 
a higher incidence of acute kidney injury and the need 
for renal replacement therapy in patients receiving lopina
vir/ritonavir, which raised doubts about its safety profile.44 

Likewise, lopinavir/ritonavir proved inadequate to treat the 
pediatric population because the number of adverse events 
was significantly higher in this group compared to those 
receiving standard therapy.45

However, several studies stated that lopinavir/ritonavir 
showed a favorable outcome in terms of length of stay in 
the ICU, hospital discharge time, and clinical improvement 
at day 14.19 Lopinavir/ritonavir monotherapy may also 
provide little benefit for improving clinical outcomes in 
patients hospitalized with mild/moderate COVID-19 over 
supportive care.40 Due to a very limited published RCT on 
lopinavir/ritonavir, it was impossible to draw a conclusive 
recommendation on the effectiveness of this drug for 
COVID-19 patients. Meanwhile, patients treated with lopi
navir/ritonavir have multiple effects on gastrointestinal 
symptoms. Also, the side effects of short-term use of 
lopinavir/ritonavir mainly include diarrhea, abnormal 
stools, abdominal pain, nausea, vomiting, and asthenia. 
Therefore, since these side effects are capably worsening 
the disease, lopinavir/ritonavir treatment needs to be care
fully considered in terms of risks and benefits.40

Currently, favipiravir is approved and utilized as 
a COVID-19 treatment in several countries.29 Based on 
published data and literature, countries using favipiravir 
are China, Hungary, India, Korea, Poland, Portugal, 
Russia, Serbia, Thailand, and Turkey. There is no evidence 
that favipiravir reduces mortality or the use of mechanical 
ventilation among moderate and severe COVID-19 
patients.46 Previous in silico study suggested, F-RTP, 
which is the active form of favipiravir binds to the RdRp 
active site of SARS-CoV-2, SARS-CoV, and MERS-CoV 
in the presence of agents and proteins.47 Favipiravir is 
a purine nucleic acid analog licensed for the treatment of 
influenza since it efficiently inhibits influenza, norovirus, 
and Ebola viruses’ RNA-dependent RNA Polymerase 
(RdRp). Therefore, favipiravir has the potential to 
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inactivate SARS-CoV-2.4 Furthermore, it is converted 
intracellularly to its active phosphorylated form and then 
recognized as a substrate by viral RdRP.48 Also, its main 
function is to prevent the entry and exit of viruses from 
cells by binding and inhibiting RdRp, which in turn pre
vents transcription and replication of viral genomic 
RNA.49

Favipiravir has been shown to be effective against 
positive-stranded RNA viruses, for example, norovirus 
and flavivirus. Therefore, it has antiviral activity against 
SARS-CoV-2.50 The results showed that favipiravir has 
the advantage of improving the clinical status of 
COVID-19 patients. Also, it showed better results when 
used alongside supportive therapy, therefore it is used for 
mild to moderate patients. In addition, it was evident that 
Favipiravir showed a favorable outcome when combined 
with tocilizumab and supportive therapy. Several refer
ences have also shown that favipiravir alone might result 
in similar clinical improvement comparable to 
hydroxychloroquine.21,25 Favipiravir induces viral clear
ance within 7 days and contributes to clinical improvement 
within 14 days, and it has strong potential in the treatment 
of COVID-19, especially in patients with mild-to- 
moderate disease. An article showed that favipiravir has 
a tolerable safety profile in terms of total and serious side 
effects compared to other drugs used for short-term 
treatment.51 The early viral clearance contributed to an 
increase in chest CT at Day 14.52 Favipiravir also showed 
encouraging results with a significant decrease in the dura
tion of viral clearance.53

Further safety concerns of favipiravir are increased 
blood uric acid and potential teratogenicity.54 In addition, 
favipiravir or its metabolites have been detected in semen 
and breast milk.55 Hence, the use of favipiravir in pregnant 
women or may become pregnant is contraindicated. 
Appropriate use of contraception is recommended up to 
7 days after the end of treatment, for women that have 
childbearing potential. The use of favipiravir in pediatrics 
is not recommended based on the results of animal toxicity 
studies.56

In some studies, antiviral drugs have been administered 
concurrently with or compared with hydroxychloroquine. 
This drug is a 4-aminoquinoline compound that has been 
used as an antimalaria for many years. Due to its low cost 
and oral administration, this drug has been considered as 
a potential repurposed drug candidate for treating COVID- 
19 patients. However, to date, the use of hydroxychloro
quine alone has not shown any benefit in the treatment of 

hospitalized COVID-19 patients. Moreover, in June 2020, 
the FDA revoked the permit for emergency use of hydro
xychloroquine in COVID-19 patients. In summary, due to 
its lack of efficacy and potential risks, the use of hydro
xychloroquine alone in COVID-19 patients is not 
recommended.45

Currently, there are no definitive treatment guidelines 
for COVID-19. Furthermore, the WHO has developed 
a living guideline that conforms to reliable standards and 
methods for the management of this virus. The fifth ver
sion of the WHO and COVID-19 Therapy: living guide
lines mention that remdesivir and lopinavir/ritonavir are 
not recommended for COVID-19 treatment. Remdesivir is 
not recommended for hospitalized patients except under 
certain conditions. It can only be considered for use when 
the patient is free from liver dysfunction as shown by an 
alanine transaminase (ALT) value >5 times normal and 
does not have renal dysfunction as shown by an estimated 
glomerular filtration rate (eGFR) <30 mL/min, because it 
is contraindicated with these conditions.35,57 In addition, 
the contraindications to the use of remdesivir also include 
use in children, as well as pregnant or lactating women.58 

Until now, its use has only been intravenously, and its 
availability is still relatively limited. On the other hand, 
lopinavir/ritonavir is not recommended for the treatment 
of COVID-19 of any severity or duration of symptoms as 
it is discovered not to improve outcomes corresponding to 
reduced rates of treatment need, mortality, and clinical 
improvement. Also, it was noted that the use of lopina
vir/ritonavir causes nausea and diarrhea, which in turn can 
increase the risk of hypovolemia, hypotension and acute 
kidney injury.57 Meanwhile, favipiravir is not yet included 
as a WHO-recommended antiviral for COVID-19 treat
ment. Therefore, more research is required to further 
assess the efficacy of these antiviral drug and its safety 
in the treatment of COVID-19. Favipiravir may safe and 
well tolerated in short-term use, however more evidence is 
needed to assess the effects of long-term treatment.54 

Therefore, more substantial evidence is needed to confirm 
its efficacy and safety.53

A huge effort is being put by the scientific community 
to develop effective drugs for the treatment of SARS- 
CoV-2 infection. On April 6, 2021, it was reported that 
there have been eight technological platforms in the study 
of COVID-19 vaccines which are generally based on 
spike proteins as well as on mRNA and DNA that control 
nucleosides. According to the COVID-19 vaccine track
ing platform, there are already 12 vaccines approved for 
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use worldwide, but only four have published the results 
of Phase III clinical trials. Two of these four candidates 
are mRNA-based vaccines, while the other two are ade
novirus-based non-replicating viral vector technology.59 

The availability of these vaccines is a very important 
breakthrough for the prevention of the COVID-19 and 
probably one of the effective approaches for ending the 
current pandemic.

The existing literature on the effectiveness of these 
antivirals (remdesivir, lopinavir/ritonavir, and favipiravir) 
have several limitations. Firstly, most of the studies used 
antiviral agents in combination with other drugs, therefore 
their results cannot be drawn solely to the antiviral that 
was administered. Second, there are few RCT studies on 
the effectiveness of remdesivir, lopinavir/ritonavir, and 
favipiravir for the management of COVID-19. 
Furthermore, the sample size used in some studies was 
small, therefore it limits the generalization of the findings 
and does not represent the population.

Conclusion
This current review provides insights into the evidence- 
based role of remdesivir, lopinavir/ritonavir, and favipir
avir in the treatment of COVID-19. The result on the 
effectiveness of currently used antiviral agents sug
gested that the use of these drugs in clinical trials 
showed conflicting results. Some studies stated that 
remdesivir is beneficial in improving recovery and the 
clinical improvement of hospitalized COVID-19 
patients, although its impact in reducing mortality 
remains uncertain. Favipiravir has shown promising 
results in improving the clinical status of COVID-19 
patients, although several studies suggested that there 
were no significant differences in some clinical para
meters, eg, length of hospitalizations and clinical recov
ery. Combination of favipiravir with other supportive 
therapy such as tocilizumab for the treatment of 
COVID-19 showed more favorable results. Moreover, 
prior studies stated no significant clinical improvement 
between lopinavir/ritonavir compared to standard care 
with notable adverse effect reactions. Nevertheless, this 
current conclusion was based on limited clinical trials 
data. Also, there is currently very limited safety data for 
these antivirals, which need to be considered in further 
studies. A comprehensive assessment on both the benefit 
and risk of these antivirals is also urgently needed to 
allow a more comprehensive overview for a more 

informed decision of using these drugs in clinical set
tings. Due to limited studies on this topic, further high- 
quality evidence from well-designed clinical trials is 
needed.
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