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Abstract. – OBJECTIVE: As a beta-coronavi-
rus, Coronavirus disease-2019 (COVID-19) has 
caused one of the most significant historical 
pandemics, as well as various health and med-
ical challenges. Our purpose in this report is to 
collect, summarize, and articulate all essential 
information about antiviral drugs that may or 
may not be efficient for treating COVID-19. Clin-
ical evidence about these drugs and their pos-
sible mechanisms of action are also discussed.

MATERIALS AND METHODS: To conduct a 
comprehensive review, different keywords in var-
ious databases, including Web of Science, Sco-
pus, Medline, PubMed, and Google Scholar, were 
searched relevant articles, especially the most re-
cent ones, were selected and studied. These se-
lected original research articles, review papers, 
systematic reviews, and even letters to the editors 
were then carefully reviewed for data collection.

RESULTS: SARS-CoV-2 is the newest mem-
ber of the coronavirus family, and there are still 
no promising therapies or particular antiviral 
compounds to fight it. After entering the body, 
SARS-CoV-2 penetrates the cells by attaching 
to specific lung cell receptors, called angioten-
sin-converting enzyme-2. Then, by employing 
cell division machinery, it replicates through 
a complex mechanism and spreads through-
out the patient’s body. Various antiviral drugs, 
including anti-influenza/HIV/HCV drugs, have 
been applied for treating COVID-19 patients. 
Due to the similarity of the structure and tran-
scriptional mechanism of COVID-19 to a number 
of viruses, some of the listed drugs have been 
beneficial against SARS-CoV-2. However, the ef-
fectiveness of others is in an aura of ambiguity 
and doubt.

CONCLUSIONS: Some of the antiviral medi-
cations listed and discussed in this article have 
been effective in the treatment of COVID-19 pa-
tients or preventing the virus from spreading 
further. However, other drugs have to be investi-
gated to reach a reliable conclusion about their 
effectiveness or ineffectiveness.
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Abbreviations

WHO = World Health Organization; SARS-CoV-2 = Se-
vere acute respiratory syndrome coronavirus 2; SARS = 
Severe acute respiratory syndrome; MERS = Middle 
East(ern) Respiratory Syndrome; RNA =Ribonucleic ac-
id; S(P) = Spike protein; Kb = Kilo base pairs; HE = 
Hemagglutinin esterase; ACE 2 = Angiotensin-converting 
enzyme-2; 3CLpro = 3-chymotrypsin-like protease; PLPro 
= Papain-like protease; ACEi = Angiotensin-convert-
ing-enzyme inhibitors; ADR = Acute respiratory dis-
tress syndrome; Cm = Maximum concentration; RdRp = 
RNA-dependent RNA-polymerase; DCGI = Drug Con-
troller General of India; AIDS = Acquired immunode-
ficiency syndrome; US FDA = United States Food and 
Drug Administration; HA = Hemagglutinin; SPs = Spike 
proteins; HCV = Hepatitis C virus; ER = Endoplasmic 
reticulum.

Introduction

The new coronavirus disease, introduced by 
the World Health Organization (WHO) on Feb-
ruary 11, 2020, as Coronavirus Disease-2019 
(COVID-19, formerly 2019-nCoV), is the latest 
health-medical challenge in the world. This novel 
coronavirus is named Severe Acute Respiratory 
Syndrome Coronavirus 2019 (SARS-CoV-2) by 
the International Virus Classification Commis-
sion1. The first case of COVID-19 was identified 
in Wuhan, Hubei Province, China, and has since 
spread to almost all countries. On January 30, 
2020, the WHO convened a meeting to introduce 
the pandemic as an international health emergen-
cy2. However, the prevalence of coronaviruses in 
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the world has not been unprecedented. In the last 
two decades, SARS and Middle East Respiratory 
Syndrome (MERS), respectively in 2003 and 
2014, have been epidemics of coronavirus3. The 
reproduction number of the 2019-nCoV is esti-
mated between 2 and 3, while its fatality rate is 
predicted around 0.5-1.5%4. The most significant 
symptoms in COVID-19 patients are fever, dry 
cough, loss of sense of taste, lethargy, and short-
ness of breath5. Anosmia is also one of the most 
critical symptoms in recent COVID-19 patients6. 
It is stated that COVID-19 is more contagious 
than other coronaviruses, and its transmission 
rate is higher than the closely related strain, 
SARS-CoV-107. There are some similarities be-
tween SARS-CoV-1 and SARS-CoV-2, including 
genome length, receptor type, and the ability to 
stimulate cytokine storms8.

The coronaviruses are ribonucleic acid (RNA) 
viruses, which have a positive single-strand RNA. 
This genus of viruses causes disease in humans 
and a wide range of animals9. The “Corona” term 
means crown in Latin, and the reason for their 
naming as coronaviruses is the observation of the 
crown-like protein structures on these viruses 
under an electronic microscope.

Coronaviruses are categorized into four sub-
groups: alpha, beta, gamma, and delta. The first 
two groups originate from mammals and can 
cause zoonotic diseases in humans, while the 
last two groups emanate from birds and pigs. 

SARS-CoV-2 is a beta coronavirus, and its ge-
nome length is about 26-32 Kilo base pairs (kb). 
The genetic material of this virus is bound to 
nucleocapsid proteins, and the envelope protein 
structures surround it. Structural proteins, in-
cluding spike proteins (SP), protein membranes 
(M), small membrane protein (SM), and another 
membrane glycoprotein called hemagglutinin 
esterase (HE), are encoded by the viral RNA10,11. 
The schematic structure of 2019-nCoV is illus-
trated in Figure 1.

When SARS-CoV-2 enters the body and 
comes in contact with the host cell membrane, 
some changes occur in the structure of the virus. 
The human TMPRSS2 protein alters the confor-
mation of the spike glycoprotein in the virus. 
As a result of this modification, the virus can 
attach to the Angiotensin-Converting Enzyme-2 
(ACE2) cell receptor, leading to accumulation 
of clathrin beneath that area and penetration of 
the virus into the cell. ACE2 receptor has been 
detected on the cell surface of several tissues, 
including stomach, liver, and lung12. The virus 
can also trigger inflammatory responses called 
Acute Respiratory Distress Syndrome (ARDS) 
that can lead to a deadly severe condition and 
even death13. Two substantial protease enzymes, 
3-chymotrypsin-like protease (3CLpro) and pa-
pain-like protease (PLPro) have essential roles 
in its viral replication process after it enters the 
host cell via ACE2 receptors14. Expression of 

Figure 1. Schematic structure of COVID-19 and various proteins in its composition.
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several genes, such as AHCYL2, ZNF385B etc., 
appears to have a strong correlation with the ex-
pression of ACE2 and TMPRSS2 protein recep-
tors in human healthy and normal lung cells15.

Various antiviral agents and adjuvant drugs 
have been administered to treat COVID-19, and 
some of them could get emergency approval in 
different countries. Other drugs, such as An-
giotensin-Converting-Enzyme inhibitors (ACEi), 
have also been used to treat COVID-19. However, 
no clear correlation was reported between mor-
tality rate and ACEi drugs in hypertension pa-
tients with COVID-1916. Due to the possibility of 
secondary infection in these patients, antibiotics 
have been applied as various protocols. The 10th 
day upon hospitalization is the most common day 
for the onset and diagnosis of secondary infec-
tions17. So far, no fully effective drug compound 
has been discovered against this virus. The anti-
viral drugs, usually nucleoside analogues or in-
tracellular proteases, block the virus by prevent-
ing its entry into the cell or by interfering with 
its replication inside the cell. In this study, we 
aimed to review famous antiviral drugs that have 
already been used or could be effective against 
SARS-CoV-2. The names of antiviral agents and 
other terms that are described in this article are 
summarized in Figure 2.

Favipiravir
Favipiravir (under the brand name Avigan), 

also known as the T705 therapeutic compound, 
is a synthetic agent and antiviral product that was 
first synthesized and marketed as an anti-influ-
enza drug in Japan. The agent was discovered 
in the biochemical section of the Toyoma labora-
tory while studying the effects of several active 
chemical compounds against the influenza virus. 
The precursor of this drug is a substance called 
A/PR/8/34, which was later named T1105. The 
anti-influenza effects of T1105 and its chemical 
derivatives were observed during their synthesis. 
Favipiravir is also a derivative of the precursor 
T1105, formed by modifying and binding some 
conjugates to the pyrazine moiety of T110518,19. 
Favipiravir has desirable pharmacological charac-
teristics. For instance, it has high bioavailability 
(~94%) and biocompatibility, efficiently binds to 
about 54% of plasma proteins, and its maximum 
concentration (Cm) peaks about two hours upon 
utilization. Its Tmax and half-life increase after 
continuous administration of the drug. Drug ex-
cretion is through renal elimination and is mainly 
impacted by aldehyde oxidase and xanthine ox-
idase. The hydroxylated form of Favipiravir is 
usually excreted renally. The cytochrome p450 
complex enzyme does not metabolize Favipira-

Figure 2. Schematic and straightforward overview of various terms discussed in this review article.
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vir, while CYP2C8, a member of this complex, is 
affected by Favipiravir. The half-life of this drug 
is short and about 2.5 hours19,20. 

As mentioned, Favipiravir is a prodrug that 
is phosphorylated upon its entry into the cell 
and converted to an active antiviral form, Favi-
piravir-RTP. Due to its similarity to the purine 
nucleotide, RNA-dependent RNA-polymerase 
(RdRp) uses Favipiravir-RTP in the synthesis of 
mRNA strand, which can consequently stop viral 
protein synthesis via suppressing the translation 
process18. It has recently been noted that lethal 
genetic mutations in the RNA strand of the virus 
could be induced in the presence of Favipiravir. 
This observation was made through clinical trials 
where Avigan was prescribed against influenza 
virus21. It was also reported that Favipiravir-RTP 
could inhibit the mRNA strand elongation pro-
cess22. Shannon et al23 investigated the SARS-
CoV-2 RdRp enzyme complex and found that in 
this virus, it is 10-fold more energetic than the 
RdRp complex of other viruses. In this study, 
activated Favipiravir-RTP could suppress the 
SARS-CoV-2 RdRp enzyme and inhibit viral 
mRNA elongation and protein synthesis23. 

Avigan was first prescribed in Wuhan, where 
the pandemic began, to treat patients with 
2019-nCoV infection. Different countries, such 
as Russia, Uzbekistan, Kazakhstan, and Japan 
have since approved the drug for the treatment 
of COVID-19 patients. In June 2020, it was ap-
proved by the Drug Controller General of India 
(DCGI) for mild to moderate COVID-19 cases19. 
Favipiravir has been consumed to cure distinct 
viral diseases and has shown antiviral effects. 
Even drug-resistant strains of influenza, M2 
and NA, were susceptible to Favipiravir. Other 
influenza strains, such as H5N1, H1N1, H3N2, 
and H1N2, were also sensitive to this agent24. 
Furthermore, Favipiravir was effective against 
some of RNA viruses, such as yellow fever 
virus, Lisa virus, West Nile virus, and Bunya-
virus19. More clinical trials and investigation 
are required to evaluate the effect of Favipiravir 
and understand its exact mechanism of action 
against 2019-nCoV.

Remdesivir
In 2009, Gilead Sciences, Inc. (Foster City, 

CA, USA) developed a new antiviral drug called 
Remdesivir to treat hepatitis B patients25. At that 
time, this compound did not indicate desirable 
performance against hepatitis in mild to mod-
erate cases26. However, further investigations 

revealed it to be effective against other viruses, 
including the Nipah virus27, hepatitis C28, and 
Marburg29. This drug was modified later in 
2014 by the same company and was utilized 
to treat the Ebola virus, where it demonstrated 
promising relics25. Due to the reported efficacy 
of Remdesivir against SARS-CoV-1 and MERS-
COV viruses, it was also examined against 
SARS-CoV-2 virus30. After penetrating the cell, 
Remdesivir as a prodrug (GS-5734) and like Fa-
vipiravir, binds to the triphosphate group under 
esterase, kinase, and phosphatase enzymatic 
reactions. These enzymes modify the struc-
ture of Remdesivir and convert it to the active 
form, Remdesivir triphosphate (RDV-TP or GS-
441524)31. It is a nucleotide analogue that has a 
similarity to the adenine nucleic acid structur-
ally. After virus entry into the cell cytoplasm, 
this prodrug gets activated and loses its ability 
to diffuse to the intercellular space32.

In terms of pharmacological properties, Rem-
desivir is more desirable than other drugs already 
administered for treating COVID-19 infection25. 
The half-life of Remdesivir inside the body is 
about 20 hours33, and it is majorly (74%) ex-
creted within the urine, while about 10% re-
mains unchanged25. The metabolism of this drug 
is through getting triphosphorylated. Particular 
drug interactions between Remdesivir and other 
therapeutic compounds have not been reported25.

Inside the cell, Remdesivir triphosphate, a nu-
cleotide analogue, is utilized as a substrate by the 
RdRp enzyme, which results in disrupting viral 
RNA synthesis via a delayed chain termination 
mechanism. It has been reported that RDV-TP 
can also compete with adenine nucleotide in 
binding to the RdRp enzyme within the cell. Ulti-
mately, RDV-TP inhibits viral RNA synthesis by 
attaching to the RdRp enzyme complex32. How-
ever, the primary mechanism of action of Rem-
desivir against SARS-CoV-2 is unclear, and more 
research is necessary to understand it precisely. 
Remdesivir has been approved by the US FDA 
(United States Food and Drug Administration) 
and is administered to treat COVID-19. However, 
in October 2020, the WHO removed it from the 
list of effective drugs in the treatment procedure 
of COVID-19 patients.

Lopinavir-Ritonavir 
Lopinavir is an antiviral therapeutic agent be-

longing to the family of protease inhibitors. It is 
commonly used to treat Acquired Immunodefi-
ciency Syndrome (AIDS) infection and prevent 
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HIV from spreading inside the body. In the initi-
ation of the coronavirus pandemic, when no de-
finitive drug was proposed to treat patients, this 
medication was applied in several clinical trials. 
It was administered in combination with another 
drug called Ritonavir with various brand names. 
This combination, Lopinavir-Ritonavir branded 
as Kaletra, is broadly prescribed. Lopinavir has 
a relatively short half-life in the blood and is 
affected by the cytochrome p450 enzyme, while 
Ritonavir is a protease inhibitor and reduces the 
Lopinavir metabolism by suppressing the func-
tion of cytochrome p450. As a result, the half-life 
of Lopinavir is improved and its circulation peri-
od is increased34. 

As mentioned, the COVID-19 virus employs 
the host cell replication machinery for amplify-
ing its RNA after entering host cells35. One of 
the enzymes involved in the replication, accu-
mulation, and preparation of viral RNA is the 
3-chymotrypsin-like protease, which possesses a 
vital role in various processes. Lopinavir inhibits 
the 3CLpro enzyme and is hypothesized to sig-
nificantly reduce the synthesis of SARS-CoV-2 
RNA36,37. New coronavirus protease enzymes 
like 3CLpro lack a C2-symmetric enzymatic site, 
while this site is present in HIV enzymes and is 
targeted by Lopinavir, which makes doubt on the 
effectiveness of Lopinavir against COVID-1938. 
The Lopinavir-Ritonavir compound administra-
tion has been associated with diverse side effects, 
mainly in the gastrointestinal tract. Diarrhea, 
impaired hepatic cell function, and inflammation 
of the pancreas (called pancreatitis) are some of 
these crucial side effects. Unlike Remdesivir, 
there are various drug interactions between Kale-
tra and other drugs. These drug interactions are 
due to the inhibitory activity of Lopinavir that 
disrupts the typical function of the cytochrome 
p450 enzyme, which is involved in the metabo-
lism of multiple agents39. There have been con-
flicting consequences about the application of this 
compound against SARS-CoV-2, and for treating 
new coronavirus. Understanding this drug mech-
anism against the SARS-CoV-2 requires further 
clinical studies and laboratory studies.

Oseltamivir
Oseltamivir (branded commercially as Tami-

flu) is an antiviral agent that is used for patients 
with influenza A and B. It is a protease inhibi-
tor, which specifically inhibits the neuraminidase 
enzyme in the influenza virus. This enzyme 
has a key role in the binding of the influenza 

virus to the cell membrane and its spreading 
throughout the body. Therefore, Oseltamivir, by 
targeting neuraminidase, prevents the spread of 
the influenza virus and its progression inside 
the body40,41. This drug was administered in a 
research study in Wuhan, to treat COVID-19 
infection, which showed an appropriate effect on 
patients42. In multiple clinical trials, Oseltamivir 
has been applied in concomitant regimens with 
other drugs like Hydroxychloroquine or Favipira-
vir. Such studies43 and trials are still undergoing 
and the outcomes are unknown yet. In addition 
to treating influenza A and B patients, this med-
ication may also be utilized in severe cases. For 
the treatment of flu patients, Tamiflu is prescribed 
in a 75 mg dosage twice a day, and once a day as 
prophylaxis. The major side effects of this drug 
can be nausea and headache44. Neuraminidase 
inhibitors seem beneficial for COVID-19 patients 
and can reduce their ventilator requirements45. 
The precise mechanism of action of Oseltamivir 
against COVID-19 infection is still unclear, and 
further studies are required.

Umifenovir
Umifenovir (also known as Arbidol) is a 

non-nucleoside fusion suppressor that interferes 
with cell-virus interactions46. Umifenovir is one 
of the antiviral medicines approved by China and 
Russia for therapy and prophylaxis of influenza 
A and B and other arboviruses. It is a chemical 
compound derived from indole carboxylic acid 
that can be subject to various chemical and molec-
ular modifications. The drug was discovered and 
developed in Russia in 1988 and has since been 
studied therapeutically47. It primarily functions 
by preventing the fusion of the virus into the host 
cell. Umifenovir can limit virus contacts with the 
host cell or the virus-endosome fusion into the 
cell membrane. The drug exerts this function by 
influencing the hydrogen bonds of phospholipid 
molecules in the cell membrane. Moreover, stud-
ies have exhibited that this drug can directly im-
pact influenza virus particles. It affects the hem-
agglutinin (HA) protein of the influenza virus. 
Umifenovir, by lowering the pH threshold needed 
for HA to attach the cell, prevents the conforma-
tional modifications required for the activation 
of this protein and causes failure in the virus 
entry into the cell48,49. Because of the structural 
similarity of the 2019-nCoV spike proteins (SPs) 
to influenza HA protein, researchers speculate 
that Umifenovir can inhibit the binding of SARS-
CoV-2 to the host cell via a similar mechanism to 
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HA inhibition46. Arbidol has been utilized in vi-
tro against other viruses, such as herpes simplex 
virus, hepatitis C and the Ebola virus. The results 
of these investigations indicated an appropriate 
antiviral activity for Umifenovir against these 
viruses50. Furthermore, it has been analyzed to 
evaluate the influence of Umifenovir, alone or 
combined with other agents. In a cohort study51 in 
Wuhan, the outcomes demonstrated that patients 
who took daily the Umifenovir with Keltera had 
a lower virus conversion rate and improved CCT 
results, compared to patients who only received 
Keltera. Further studies on the effect of Arbidol 
on COVID-19 patients and its mechanism of ac-
tion are still necessary.

Ribavirin
Ribavirin (mostly known as Virazole) is an 

antiviral compound belonging to the nucleoside 
analogues family with the chemical formula 
of 1-Beta-D-ribofuranosyl-1,2,4-triazole-3-car-
boxamide. It is a synthetic nucleoside analogue 
with a guanosine-like structure found in 1972 by 
Sidwell et al52,53. Ribavirin disrupts viral DNA 
and RNA replication, thereby inhibiting virus 
proliferation in the cell. Although Ribavirin’s 
primary mechanism of action is suppressing the 
virus replication, this agent can also interfere 
with viral RNA capping, which depends on 
the presence of natural guanosine in the RNA 
structure. The natural guanosine in the viral 
RNA structure prevents the break-down of RNA 
strands. Ribavirin reduces the guanosine syn-
thesis in the cell by inhibiting the activity of the 
inosine monophosphate dehydrogenase enzyme, 
which negatively impacts virus replication54. 
Although Virazole does not entirely inhibit viral 
RNA synthesis, the synthesis of the viral genetic 
material is severely impaired in the presence of 
this agent. It results in significant and persistent 
mutations in viral RNA, which reduce the vi-
ability of the virus in host cells55. Besides, the 
presence of Ribavirin in the patient’s body can 
reduce viral immune evasion and boost immune 
maintenance56. 

There have been several studies on Ribavirin 
since its synthesis. In vitro investigations have 
confirmed the effectiveness of this medication 
against a broad domain of RNA and DNA virus-
es54. which has made it the first broad-spectrum 
antiviral drug against DNA and RNA viruses. 
It was also been applied clinically to treat HIV 
and hepatitis C virus (HCV) patients57. Pharma-
cologically, Ribavirin has desirable bioavailabil-

ity and is well absorbed via oral administration. 
Excretion of this drug is renal-urinary, and its 
maximum serum concentration in blood is 24 µg/
ml. Tmax of Ribavirin in the first dose (1 hour) is 
diverse from the second (1.7 hours) and multiple 
(3 hours) doses. Stephens56 is underway to vali-
date Ribavirin’s efficacy in treating COVID-19, 
and still, more clinical trials are demanded to 
discover its possible mechanism of action against 
SARS-CoV-2. All the antiviral medications men-
tioned so far, with additional details about them 
are summarized in Table I.

Sofosbuvir
Sofosbuvir is an antiviral drug and RdRp 

inhibitor that exerts its therapeutic effect by sup-
pressing RdRp enzyme activity. The US FDA ap-
proved the drug in 2013 for the treatment of HCV 
patients. Besides, in 2014, the US FDA approved 
a combination of Sofosbuvir with Ledipasvir 
for treating patients with genotype 1 of HCV67. 
Because of the similarity in the transcription 
and replication mechanism of the SARS-CoV-2 
with HCV in host cells, physicians speculate that 
this therapeutic agent may help treat COVID-19 
patients as well68. This medicine disrupts the 
activity of RdRp by acting like free nucleotides 
that are essential for viral mRNA synthesis69,70. 
According to our search, only two docking stud-
ies, one in 2016 and one in 2020, have been con-
ducted on Sofosbuvir71. Therefore, although some 
studies have suggested Sofosbuvir as a potential 
option for COVID-19 treatment72, extensive clin-
ical studies should be performed to verify the 
effectiveness of this drug.

Other Antiviral Drugs 
Other various antiviral agents have been uti-

lized in clinical trials to determine their impacts 
against SARS-CoV-2. Galidesivir, as a nucle-
oside analogue and a protease inhibitor, is a 
remarkable instance73. This drug mechanism on 
COVID-19 is hypothesized to be similar to other 
antivirals, although its exact action mechanism is 
unknown. Another antiviral agent for COVID-19 
is Tenofovir, which is recognized as an anti-in-
fluenza drug. It is an antiretroviral agent that 
targets DNA polymerase and inhibits virus rep-
lication74,75. The action mechanism of this sub-
stance against COVID-19 requires further studies 
to be comprehended. The replication mechanism 
of COVID-19 within the host cell, along with the 
possible action mechanism of antiviral agents, are 
schematically illustrated in Figure 3.
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Conclusions

The SARS-CoV-2 pandemic is one of the se-
rious medical crises of the last century. It is also 
probably the most extensive pandemic since the 
outbreak of Spanish flu in 1918. The magnitude 
of the current pandemic, along with other factors, 
such as the lack of time to discover and synthesize 
novel and effective agents against COVID-19, the 
high mortality rate, possible mutations in its 

genetic material, and severe economic shocks 
to societies highlight the importance of examin-
ing antiviral agents present in our drug arsenal. 
Some antiviral drugs that have been synthesized 
against other pathogenic viruses may be effective 
against SARS-CoV-2, as well. Therefore, an un-
biased summary of available data around these 
therapeutic agents, their possible mechanism of 
action, and their pharmacological information 
can assist scientists in further research and will 

Table I. Pharmacological information of some promising drugs, which has been purposed against COVID-19 infection.

   Possible Adverse    
   mechanism of and  Mainly Status 
Medication Drug action against side Route of used for (for 
 name category COVID-19 effect(s) administration treating  COVID-19) R.(s)

Favipiravir Nucleoside  Targeting RdRp, Hyperuricemia Tablets for oral Influenza Non- 19, 58
 analog  preventing and diarrhea, administration virus approved 
 antiviral  viral RNA skin rash,    
 prodrug extension,  abdominal    
  induction of  pain    
  lethal mutations     
  in the virus     

Remdesivir Nucleotide Targeting RdRp Nausea, Intravenous Hepatitis C, Emergency 25, 59
  analogue because of its worsening of infusion Ebola virus authorization 
  antiviral similarity to  respiratory   and approval 
  adenosine problems,    by FDA 
   constipation    

Lopinavir- Proteases Suppressing Gastrointestinal Tablets HIV Non- 60, 61
Rotanavir inhibitor  the activity of disturbance,  for oral  approved 
 antiviral  3CLpro, diarrhea, administration  
 drugs disrupting viral Dyslipidemia,   
   replication diabetes mellitus   
    is also reported   

Oseltamivir Protease Inhibit the Nausea, Tablet or Influenza Non- 40, 41, 
 inhibitor  neuraminidase vomiting, liquid strain approved 62
 antivirus enzyme on the diarrhea suspension A and B  
  surface of     
  the virus     
       

Umifenovir Non- Preventing Diarrhea Tablets Treatment Non- 63, 64
 nucleoside  the virus and for oral and approved 
 HA inhibitor attachment nausea administration prophylaxis  
 antivirus to cell by HA   of influenza  
  inhibition   or other  
     respiratory  
     infections  

Ribavirin Nucleoside  Disrupts Nausea, flu-like Film-coated HCV, HBV Non- 56, 65, 
 analogues viral DNA symptoms,  tablet or and approved 66
  antivirals and RNA  fatigue and capsules respiratory 
  replication  tiredness; low  tract viruses 
  because of  leucocytes in 
  its similarity  cell counts 
  to guanosine    
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help them design better clinical studies to assess 
the effectiveness or inefficacy of these antivirals 
against COVID-19.
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Figure 3. Virus replication in the host cell and antiviral drugs effects: The virus approaches the pulmonary alveoli’s epithelial 
cells. Attachment of the virus to the host cell occurs through a particular binding mechanism between the ACE2 cell receptor 
and the virus spike proteins (1); the virus attaches to its receptors (ACE2) and penetrates the host cell (2). Next, viral RNA 
crosses the structural protein barrier and is released into the host cell cytoplasm (3), by binding the released viral RNA to 
the ribosomes in the cell cytosol. Thereafter, the translation of non-structural proteins such as RdRp and 2’OMTase that are 
involved in the viral replication process initiates. This process is influenced by 3CLpro, Mpro, and PLpro viral enzymes (4). The 
produced proteins initiate RNA genomic replication (5). Next, genomic replication (6) and sub-genomic transcription (7) are 
illustrated. Translation of sub-genomic RNA into structural proteins occurs in the host cell cytoplasm, and then they enter the 
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