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INTRODUCTION

Early in December 2019, a novel coronavirus, named SARS-
CoV-2, caused an outbreak of respiratory disease named 
COVID-19. Coronavirus is an RNA virus and possesses a 
crown-like appearance under an electron magnifying in-
strument because of the presence of spike glycoproteins 
on the envelope. The subfamily Orthocoronavirinae of the 
Coronaviridae family is classified into four genera of CoVs: 
Alphacoronavirus, Betacoronavirus, Deltacoronavirus, and 
Gamma Coronavirus. Moreover, the Betacoronavirus iso-
lates into five sub-genera or lineages. The genomic portrayal 
has demonstrated that most likely bats and rodents are the 
quality wellsprings of alpha coronaviruses and beta corona-
viruses. Despite what might be expected, avian species ap-
pear to speak to the quality wellsprings of Deltacoronavirus 
and Gamma Coronavirus. The full spectrum ranges from 

mild, self-limiting respiratory tract illness to severe progres-
sive pneumonia, multiorgan dysfunction, and death. So far, 
there are no particular therapeutic agents for coronavirus dis-
ease1–4. After the rise of Severe Acute Respiratory Syndrome 
(SARS), screening of affirmed drugs recognized lopinavir, 
in vitro was found to have inhibitory action against SARS-
CoV, the infection that causes SARS in humans 5,6,7. Ritona-
vir is combined with lopinavir to expand its plasma half-life 
through the inhibition of cytochrome P450. Lopinavir has 
action, both in vitro8 and in an animal model9, against Middle 
East respiratory syndrome coronavirus (MERS-CoV), and 
case reports have recommended that the blend of lopinavir-
ritonavir with ribavirin and interferon alfa came about in vi-
rologic clearance and survival 10–12. Ribavirin is a nucleoside 
analog with a broad-spectrum of antiviral effects. Ribavirin 
was also found to be less effective against COVID-19. On 
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the other end, Remdesivir even at a very low micromolar 
concentration blocked the viral infection. Ribavirin combi-
nation with Lopinavir/ Ritonavir was intravenously infused 
for not more than 10 days. The presence or absence of viral 
load was determined to be the endpoint. Besides these drugs, 
Favipiravir is a drug that warrants attention. Favipiravir is 
currently undergoing clinical trials in treating COVID-19 13. 
Effective transmission, Severe infection, Recurrence, mor-
tality, no specific antiviral treatment are the challenges faced. 
Hence, this study discusses the antiviral treatment strategies 
in COVID-19.  

COVID-19

The initial clinical sign of the SARS-CoV-2 related disease 
COVID-19 with the detection of pneumonia. Recent studies 
describe gastrointestinal symptoms and asymptomatic infec-
tions associated with COVID-19, especially among young 
children. Studies have discovered that the virus can infect 
both mature and progenitor enterocytes, which are intesti-
nal absorptive epithelial cells. A study conducted in China 
revealed that patients with COVID-19 infection had liver 
dysfunction at some point in their illness. Observations so 
far suggested that a mean incubation period of five days and 
a median incubation period of 3 days is required for COV-
ID-19 (range: 0–24 days). The proportion of asymptomatic 
individuals infected by COVID-19 has not been assessed 
yet. In symptomatic patients, the clinical manifestations con-
sist of nasal congestion, cough, sore throat, fever, fatigue, 
and upper respiratory tract infections. The infection later 
progresses to severe disease with dyspnoea and severe chest 
symptoms corresponding to pneumonia in approximately 
75% of patients, diagnosed by computed tomography on ad-
mission14. COVID-19 makes use of the angiotensin-convert-
ing enzyme-II (ACE-2) for its entry via receptor-mediated 
endocytosis and it primarily affects the lung alveolar epithe-
lial cells 15.

ANTIVIRAL TREATMENT STRATEGIES

Lopinavir/ Ritonavir
Lopinavir/ritonavir is a drug combination for the human 
immunodeficiency virus (HIV) type 1 aspartate protease 
inhibitor, as this combination possesses in vitro inhibitory 
action against SARS-CoV, the infection that causes SARS 
in humans 5. Ritonavir is also given in combination with 
lopinavir to expand plasma half-life through the inhibition of 
cytochrome P450. Lopinavir/ritonavir (400 mg and 100 mg, 
separately) to ribavirin decreases the risk of adverse clinical 
conditions (Acute Respiratory Distress Syndrome [ARDS] 
or death) as well as viral load among patients with SARS. 
Lopinavir has action, both in vitro 8 and in an animal model 

9, against Middle East respiratory syndrome coronavirus 
(MERS-CoV), and case reports have recommended that the 
blend of lopinavir-ritonavir with ribavirin and interferon alfa 
came about in virologic clearance and survival 11. Lopina-
vir/Ritonavir used in combination with other medications to 
treat adults and children over 14 days of age infected with 
HIV-1.

Remdesivir
Remdesivir is another potential drug for the treatment of 
COVID-19. Remdesivir is a nucleoside analog and it is a 
broad-spectrum antiviral drug. It is also known as GS-5734 
and is a mono phosphoramidite prodrug of an adenosine 
analog. Remdesivir has a broad antiviral spectrum includ-
ing filoviruses, paramyxoviruses, pneumoviruses, and coro-
naviruses Remdesivir can effectively decrease the viral load 
in the lungs infected with MERS-CoV, and also enhances 
the lung function, and alleviate pathological damage to lung 
tissue16. It was found that remdesivir potently blocks SARS-
CoV-2 infection even at low micromolar concentrations and 
has a half-maximal effective concentration (EC50) of  0.77 
μM and half-cytotoxic concentration (CC50) of more than 
100 μM17.

Ribavirin
Ribavirin is a nucleoside analog with a broad-spectrum of 
antiviral effects. Ribavirin is a guanosine analog that can in-
terfere with the replication of RNA and DNA viruses. How-
ever, the antiviral activity of ribavirin is not limited to inter-
ference with the polymerase enzyme alone, it also interferes 
with RNA capping by directly inhibiting inosine monophos-
phate dehydrogenase. Ribavirin helps in the introduction of 
random mutations that reduces the viability of the virus. The 
mechanism of action of ribavirin helps to enhance the pro-
tective immunity 18.

Favipiravir
Favipiravir was recently approved for the treatment of novel 
influenza on February 15, 2020, in China. This drug is cur-
rently undergoing clinical trials in treating COVID-19. Favi-
piravir is an RNA-dependent RNA polymerase inhibitor. In 
addition to its anti-influenza virus activity, favipiravir is also 
capable of blocking the replication of flavivirus, alphavirus, 
filovirus, bunyavirus, arenavirus, norovirus, and other RNA 
viruses. Favipiravir is converted into an active phospho ribo-
sylated form and is recognized as a substrate by viral RNA 
polymerase leading to the inhibition of RNA polymerase ac-
tivity. Hence, favipiravir may have potential antiviral action 
on COVID-19 19,20.

Other Antiviral treatment strategies
Darunavir is a second-generation HIV-1 protease inhibitor 
that inhibits SARS-CoV-2 infection in vitro. Cell experi-
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ments indicated that at a concentration of 300 μM daruna-
vir was able to block the viral replication in vitro 13. Other 
potential drugs include type-II transmembrane serine pro-
tease (TMSPSS2) inhibitors and BCR-ABL kinase inhibitor 
imatinib. Imatinib has anti-corona activity primarily because 
it inhibits the fusion of virions with the endosomal mem-
brane 21,22. Studies report  30 agents with potential antiviral 
activity against SARS-CoV-2 which are lopinavir, ritonavir, 
remdesivir, darunavir, raltegravir, maribavir, deoxyrhapon-
tin, indinavir, montelukast, disulfiram, saquinavir, fosam-
prenavir, polydatin, carfilzomib, atazanavir, tipranavir, shi-
konin, presatovir, abacavir, elvitegravir, chalcone, carmofur, 
enzaplatovir, tideglusib, bortezomib, PX12, TDZD-8, cyclo-
sporin A, and cinanserin 23. 

CLINICAL TRIAL ON ANTIVIRAL DRUGS

A Randomized, controlled, open-label trial having hospital-
ized adult patients with confirmed SARS-CoV-2 infection, 
that causes Covid-19, and an Oxygen saturation (SaO2) of 
94% or less while they were breathing ambient air and a ra-
tio of the partial pressure of oxygen (PaO2) to the fraction 
of inspired oxygen (FiO2) of less than 300 mm Hg. Patients 
were randomly administered lopinavir-ritonavir (400 mg and 
100 mg, respectively) twice a day for 14 days in a 1:1 ra-
tio, and in addition to standard care, or standard care alone. 
And the percentages of patients with detectable viral RNA at 
various time points were found to be similar. Gastrointestinal 
adverse effects were more common in the lopinavir-ritonavir 
group, but serious adverse effects were more common in 
the standard care group. Lopinavir–ritonavir treatment was 
stopped early in patients with adverse effects 24

A randomized, placebo-controlled, phase III clinical trial 
was performed in China in which the patients in the experi-
mental group were intravenously administered an initial dose 
of 200 mg of remdesivir and then 100 mg for 9 consecutive 
days subsequently. Patients in the control group were ad-
ministered the same dose of placebo with routine treatment. 
Remdesivir use is not associated with a difference in time. 
Patients who were administered with remdesivir had a faster 
time in showing clinical improvement than those receiving 
placebo with symptom duration of 10 days or less, adverse 
events including gastrointestinal symptoms (anorexia, nau-
sea, and vomiting), aminotransferase or bilirubin increases, 
and worsened cardiopulmonary status 25.

A study compared 111 patients with ribavirin and 41 patients 
treated with lopinavir/ ritonavir and ribavirin and it was 
found that patients treated with the combined therapy (lopi-
navir/ ritonavir and ribavirin) had a lower risk of developing 
acute respiratory distress syndrome (ARDS)5.

On February 14, the Clinical Medical Research Center of 
the National Infectious Diseases performed a clinical trial 

with favipiravir for the treatment of COVID-19 and achieved 
promising results. The preliminary results conducted among 
a total of 80 patients (including the experimental group and 
the control group) showed that favipiravir had more potent 
antiviral action than that of lopinavir/ritonavir. Favipiravir 
had significantly lesser adverse effects than the lopinavir/
ritonavir group 13.

OTHER TREATMENT MODALITIES IN  
COVID-19

Novel drug delivery approaches for lung cancers 26  and 
chronic inflammatory respiratory disease are important as 
the Mortality rate appears to be unexpectedly higher in pa-
tients with lung cancer and COVID-19 infection and also in 
patients with Chronic inflammatory respiratory disease.

Anti-malarial: Hydroxychloroquine and Chloro-
quine
Hydroxychloroquine (an analog of chloroquine) has an anti-
SARS-CoV activity in vitro. .Hydroxychloroquine clinical 
safety profile is better than that of chloroquine (during long-
term use) and allows a higher daily dose and has fewer con-
cerns about drug-drug interactions. Chloroquine is used to 
prevent and treat malaria and is efficacious as an anti-inflam-
matory agent for and was found to inhibit the SARS-CoV-2 
infection even at a low micromolar concentration.27

Anti-bacterial: Azithromycin
Azithromycin is the drug that has been the most widely used 
against respiratory infections and a recent study showed that 
one in eight American patients, has been prescribed azithro-
mycin in case of COVID-19.27

Anti-viral: Lopinavir/Ritonavir, Remdesivir and 
Ribavirin
Lopinavir/Ritonavir is an orally administrable drug, and af-
ter its administration, the viral load is being tested. On the 
other end, Remdesivir even at a very low micromolar con-
centration blocked the viral infection. Ribavirin combination 
with Lopinavir/ Ritonavir was intravenously infused for not 
more than 10 days. 

Ayurvedic Approach
Studies suggest that COVID-19 in diabetic patients could re-
sult in the reduction of inflammatory cytokines release and 
ACE2 binding capacity for the virus, only if the patients are 
in good metabolic control 28, which consistently might help in 
improving the prognosis in people affected by SARS-CoV-2. 
Hence, the antihyperglycemic effect 29 can be obtained with 
the administration of Caralluma fimbriata extract which is 
also known for its cytotoxic effect against cancer cells 30.
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Acacia catechu possesses immunomodulatory ef-
fects31 which can be useful in treating the COV-
ID-19 infection. The ethanolic bark extract and 
seed extract can modulate the innate immune re-
sponse of phagocytes especially the chemotactic 
migration of phagocytes, phagocytic ability, and the 
release of ROS(Reactive Oxygen species) 32. The 
ethanolic bark extract and seed extract of Acacia 
catechu is known to cause apoptosis of Squamous 
cell carcinoma(SCC) cells 33, especially the seed 
extract can trigger apoptosis against SCC-25 cells34 
Coumarin derivative, which is found to be effec-
tive against human stomach cancer cells 35 is also 
an emerging antiviral agent against hepatitis, HIV, 
influenza can be considered as a future scope for 
treatment against COVID-19. 36

Meliacin anhydride and other compounds derived from 
Neem (Azadirachta indica), ingesting Neem leaves extract 
powder or crude Neem leaves, might inhibit the COVID- 
19 virus by preventing it from replicating. And also Neem 
leaves are known to reduce blood sugar levels and also they 
act as ACE inhibitors 37. Additionally,  Neem leaves have 
more than 140+ compounds like quercetin, zinc along with 
Vitamins like Vitamin C, E & K, and ingesting them orally 
will also boost immunity 38. 

Nanotechnology
Future scope for antiviral treatment against COVID-19 also 
includes nanotechnology-nanoparticles and nanosensors 
with the use of Selenium nanoparticles 39, Silver nanopar-
ticles 40, and Zinc oxide nanoparticles 41,42,43 in combating 
against the Novel Coronavirus. The four major pathobio-
logical aspects, including oxidative stress 44, genotoxicity, 
inflammation 45, and fibrosis 46, must be considered with the 
context of nanoparticles and associated approaches. 

PREVENTION

Hand sanitization with soap and water, and having an al-
cohol-based hand rub. Social distancing from anyone who 
is coughing or sneezing, mouth masks, personal protective 
suit in case of the medical profession, Self-isolation. seek-
ing medical attention, following the directions of local health 
authorities47.

CONCLUSION

The antiviral drugs involved in the treatment of COVID 19 
are Lopinavir/Ritonavir, Remdesivir, and Ribavirin and 30 
other potential agents that are still under clinical trial. Rem-
desivir was found to be more effective against COVID 19 
with a 30% speedy recovery. Lopinavir-ritonavir treatment 

was stopped early in patients because of adverse events. The 
most frequent severe adverse events observed were hyper-
transaminasemia and acute kidney injury. Remdesivir ben-
efited patients with SARS-CoV-2 pneumonia hospitalized 
outside ICU where the clinical outcome was better and ad-
verse events are less frequently observed. Ribavirin combi-
nation with Lopinavir/ Ritonavir was intravenously infused 
for not more than 10 days and was found to be less effec-
tive. However, prevention is always better than cure, the 
prevention methods involve hand sanitization, use of gloves, 
masks, protective suits, social distancing, and self-isolation. 
This review concludes with the expectation of a new vaccine 
for the prevention of COVID-19 at the earliest.
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