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Abstract. Although the number of active COVID-19 cases have been fallen in some countries,
the threat of the pandemic is still impending in many parts of the world and the pace of recovery
is still uncertain. SARS-CoV-2 outbreak has expanded very quickly since the beginning of 2020
and has now taken approximately a million lives all around the globe. Sadly, there is yet to be
an approved treatment for COVID-19 as it may take a few years to establish a definitive treatment
and a vaccine against SARS-CoV-2. This study aims to review the preventive and curative
measures currently under investigation for COVID-19 and the targeted pathogenic features of
the SARS-CoV-2. To manage the clinical implications of COVID-19, and to alleviate SARS-
CoV-2, the main focus is on supportive therapy, symptom control, antiviral drugs, and
immunomodulation. Intense research activities for therapeutic interventions are in progress
worldwide to evaluate the benefit of such drugs.
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1. Introduction

The members of coronavirus family have caused three major outbreaks in the past twenty years,
commencing with the Severe Acute Respiratory Syndrome (SARS) in 2002 caused by SARS-CoV,
followed by Middle Eastern Respiratory Syndrome (MERS) in 2012 caused by MERS-CoV, and now
the most contagious Coronavirus Disease 2019, named as COVID-19 caused by SARS-CoV-2. [1] The
initial cases of pneumonia caused by SARS-CoV-2 were reported in Wuhan, China in December 2019
and within a short period, the virus spread around the world and became a public threat. [2] It was
declared a pandemic on 11th March 2020 by the World Health Organisation. Although the genetic
sequence of SARS-CoV-2 and its pathogenic characteristics were shared by the Chinese Health
Authorities in the least possible time the containment of the virus remains a challenge to date.[3]
Effective preventive measures are required in affected countries to break the chain of infection as no
specific therapeutic agent has been approved for use in clinical practice to alleviate the virus and no
vaccine is available to produce the herd immunity. [4] So far approximately thirty million people have
been affected and the numbers are going to rise. [S] The main concern right now should be how to
control a pandemic that has no end in sight. Considering the previous experiences of SARS-CoV and
other viral diseases, some potential therapeutic agents such as hydroxychloroquine, interferons,
nucleoside analogues, remdesivir, lopinavir/ritonavir, RNA synthesis inhibitors, convalescent plasm,
tocilizumab, and other anti-inflammatory drugs have been administered to COVID-19 patients and their
efficacy and safety were monitored.[6] Some of these drugs like Hydroxychloroquine and
Lopinavir/Ritonavir have been recently disapproved as a therapy to COVID-19 by the WHO after
receiving results from several clinical trials, which observed insignificant or no benefits in terms of the
disease outcome. [7] The others are still to be approved or disapproved as an effective treatment to
COVID-19. In this narrative review, management options including preventive and therapeutic
measures to alleviate SARS-CoV-2 currently in practice and under experimental stage are recapitulated.
The genetic, virulent, and transmission properties of the novel virus which laid the targets for prevention
and compassionate use of repurposed drugs are also reported.

2. Method

A swift review was performed by using Ovid Medline and the Cochrane Database of systematic reviews
from 1 January 2020 to 31 August 2020. Latest updates through the WHO COVID-19 publications and
clinicaltrials.gov were also searched and reviewed. The terms used for the literature search were
COVID-19, treatment options, antiretroviral, protease inhibitors, convalescent plasma, ACE receptor
blockers, antimalarials, immunomodulators, and monoclonal antibodies. Some relevant citations were
identified through snowballing and by utilizing the ‘cited by’ function available on the Google Scholar.
Finally, a total of 46 studies were screened and reviewed, all of these studies and clinical trials were in
the English language.

3. SARS CoV2 Virulence and Pathogenesis

The novel SARS-CoV-2 like SARS-Co-V and MERS-Co-V, belong to the f-coronaviruses group. The
potential natural reservoir of the SARS-CoV-1 and SARS-CoV-2 is identified as a bat and both
enveloped, RNA viruses share 80% genomic similarity [8]. It is assumed that a mutation in the genetic
sequence of coronaviruses resulted in the SARS-CoV-2 outbreak.[3] According to research
interventions, there is a significant number of amino acid substitutions both in the structural and non-
structural proteins between the SARS-CoV-2 and previous human coronaviruses. [8] The mechanism
of this genetic mutation is still inconclusive and might be the cause for increased virulence of SARS-
CoV-2 as compared to other coronaviruses. [9]
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SARS-CoV-2 spread in Wuhan, China in December 2019 by zoonotic transmission. However, later
it spread mainly through droplet transmission.[10] Clinically active cases of COVID-19 are the main
reservoir and spread the virus by sneezing and coughing. People in close contact such as family members
and medical staff are the most vulnerable.[11] SARS-CoV-2 remains viable for up to 4 to several hours
on different surfaces, ranging from copper to plastics respectively and therefore vector transmission is
another possible route of transmission. [11]

Various studies have confirmed that ACE2 is a functional receptor for SARS-CoV-2 like SARS-
CoV-1 and both use the same receptor for making their way into the host cell. [12] This feature may
contribute to developing a therapy to alleviate the virus by blocking the receptor.[13] After penetrating
the host cell, the virus starts replicating and finally released into the system. During this process, viral
antigens are exposed to antigen-presenting cells and a cascade of inflammatory response initiated. [14]
A bizarre production of proinflammatory and anti-inflammatory chemical mediators is found to be the
main cause of pathology in COVID-19 cases. Increased production of various interleukins (IL-1, IL-6,
IL-7, IL-10), interferon-gamma, and tumour necrosis factor-alpha (TNF-alpha) through a chain of
reactions, by activated macrophages and T-helper cells, results in a cytokine storm. [14] This
hyperimmune response is responsible for causing severe pneumonia and acute respiratory distress
syndrome (ARDS) in critical cases. [15] Further expansion of immunological response interferes with
the functions of multiple vital organs and results in multiple organ failure. Immunomodulation through
immunosuppressive therapy and corticosteroids therefore helps in reducing the cytochemical and
inflammatory havoc caused by SARS-CoV-2.[16] Thus, improving the clinical symptoms and signs in
critical cases of COVID-19, reducing the severity of disease and mortality rate.

4. Clinical manifestations

Based on the severity of the disease the clinical presentation of COVID-19 is divided into four types.
[17] Mild illness comprised of general symptoms such as fatigue, fever, headache, myalgia, loss of taste
and smell sensation, with the disease limited to upper respiratory tract only. An infected person might
present with a sore throat, nasal congestion, and dry cough.[18] The moderate disease is associated with
the involvement of the lower respiratory tract, marked with productive cough, breathing difficulty, chest
pain, anorexia, and confusion. [19] Patients presenting with signs and symptoms of acute respiratory
distress syndrome such as tachypnoea, painful and laboured breathing, fever, and cyanosis are marked
as severely infected. [20] The critical disease is associated with respiratory failure, metabolic acidosis,
and multiple organ dysfunction. [12] Acute cardiac events such as ischemia and arrhythmia, acute renal
failure, septicaemia, and nosocomial infections, have been reported in critically i1l COVID-19 patients.
[21]

5. Therapeutic Options for COVID-19

There are still many uncertainties on the treatment options available to alleviate SARS-CoV-2. In mild
and moderate cases symptomatic treatment by using conventional therapies like analgesics and
antipyretics is recommended with adequate hydration. Management options for severe and critical cases
consist of supportive care, including non-invasive and invasive oxygen therapy depending upon the
severity of the clinical condition, and compassionate use of various therapeutic agents. [22] Repurposed
drugs and vaccines are under trial to combat SARS-CoV-2, such as immunomodulators (chloroquine
and hydroxychloroquine), protease inhibitors (lopinavir and ritonavir), monoclonal antibodies, peptides,
Interferon-based therapies, immunosuppressors to suppress the immune response, and ACE-2 receptor
blockers (camostat mesylate) are among them. [23,24] All these potential therapies are yet to establish
as an effective management solution to COVID-19.
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5.1 Role of Antibiotics and Corticosteroids.

In hospitalized cases of COVID-19 and those on mechanical ventilation, provisional use of broad-
spectrum antibiotics to manage secondary bacterial respiratory tract infections, have been
recommended, whereas the use of corticosteroids remains questionable. [25] The commonly used
corticosteroid, Dexamethasone is widely available and its use as a life-saving drug is approved by the
Food and Drug Administration (FDA) and WHO for many severe clinical conditions such as
anaphylactic shock and other autoimmune and hypersensitivity conditions. Recently it has been
confirmed through the RECOVERY trial (NCT04381936) conducted by Oxford University, UK, that
Dexamethasone has proven effective in critically ill COVID-19 cases and reduces death rate. [26,27]
The main mechanism of action is to curtail inflammatory mediators and hence reduce oedema and tissue
damage in such cases. [16] In critical cases of SARS-CoV-2 pneumonia, the airways get filled with
exudate due to cytokine storm, reducing gaseous transfer and oxygen saturation in the blood. In such
cases, corticosteroids have found to be beneficial and reducing the severity as well as the death rate of
the disease. However, these cases need intensive care surveillance, blood glucose levels, electrolytes,
liver functions and blood oxygen saturation monitoring. Direct oxygen therapy, extracorporeal
membrane oxygenation (ECMO), and protective mechanical ventilation are recommended in cases of
hypoxemia, for supportive care which relieves respiratory distress, reduces cardiovascular
complications, as well as death rate. [12]

5.2 ‘Solidarity’ clinical trial by WHO.

WHO has started an international clinical trial with the name, ‘Solidarity’ to coordinate the scientific
data collection on many of the most recommended repurposed drugs for use to treat SARS-COV-2
infection. It is a multi-arm “mega-trial” that aims to assess and compare the effectiveness of four
treatment options against COVID-19, currently active in many parts of the world and will accelerate the
effective drug discovery process to combat COVID-19 crises. The drugs initially included in the
Solidarity clinical trial were Remdesivir, Lopinavir/ritonavir combined, Lopinavir/ritonavir combined
with interferon-beta, and Hydroxychloroquine or chloroquine. WHO is tracking disease progression in
patients under these treatment options enrolled in multiple countries by the collaboration of authorised
agencies. [7] Recently Hydroxychloroquine and Lopinavir/ritonavir have been withdrawn from the
Solidarity clinical trial as both drugs have not shown any improvement or benefit in the COVID-19
outcome. [7] However, their use as a prophylactic agent for COVID-19 in non-hospitalized patients
remains unaffected.

5.3 Remdesivir.

Remdesivir is a potential repurposed therapy for COVID-19. Multiple clinical trials are currently
underway or in progress concerning the use of Remdesivir against SARS-CoV-2. It is an antiviral drug
initially used as a possible treatment for Ebola Haemorrhagic Virus (EBV). It is a nucleotide analogue,
proved to have broad-spectrum activity against the single-stranded RNA viruses. Current research trials
of the drug on COVID-19 has revealed that it is effective against certain key enzymes of SARS-CoV-2,
thus, stopping the replication mechanism of the virus. [28] It was observed that Remdesivir, stops the
polymerase enzyme from adding more RNA subunits, halting genome replication. Various clinical trials
all over the world suggest that compassionate use of remdesivir may have clinical benefit in severe cases
of Covid-19. [29,30]

5.4 Lopinavir/ Ritonavir.

Coronaviruses have the largest genomes among all the RNA viruses. The virulence of the virus depends
upon the encoding of structural proteins and mainly on the transcription and translation of the viral
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genome into a polypeptide. This polypeptide encodes specific proteins that are responsible for viral
replication and gene expression. An enzyme is required for the replication of the coronavirus which is
known as ~306 aa long main protease (Mpro) and is encoded by the polypeptide. [31] Once encoded
it converts the polypeptide into functional proteins. It is observed that Mpros of different coronaviruses
share great structural and sequential similarity and therefore researchers target Mpro by using protease
inhibitors as anti-coronaviral drugs. Lopinavir is an antiretroviral drug used for HIV-1 which binds to
the same target site of Mpro and thus inhibit the viral replication by blocking the protease enzyme. [32]
It is used in combination with Ritonavir another antiviral, the main function of which is to increase the
half-life of Lopinavir. Since the beginning of pandemic combination of lopinavir and ritonavir is
advocated as a potential therapy for COVID-19 and was included in the WHO solidarity trial, but due
to insignificant outcomes in terms of reduction of mortality and severity, it is now excluded from the
WHO solidarity trial.

5.5 Hydroxychloroquine (HCQ).

HCQ, an antimalarial drug approved by the WHO as one of the safest, effective, and essential therapy
for healthcare provision. It is used for many clinical conditions besides malaria, such as rheumatoid
arthritis, Systemic lupus erythematosus, porphyria, etc. Since the beginning of the SARS-CoV-2
outbreak, HCQ has been on the front runners-up as a potential therapeutic remedy for COVID-19. It is
speculated that HCQ possess antiviral activity through immunomodulatory effects on antigen-presenting
cells and disrupts the binding activity of the viral spike proteins with the ACE2 receptors on the
pulmonary host cells. [33] HCQ is part of the various clinical trials such as ‘Recovery Trial’ by Oxford
University UK, and ‘Solidarity’ by the WHO. However, due to inefficacy and safety concerns, it is
revoked from the Solidarity trial since June. The drug is still under experimental use for prophylaxis and
treatment of COVID-19 in many countries. [34]

5.6 Interferons (IFNs).

IFNs are synthesized by recombinant DNA technology and various clinically approved subtypes are
available.[15] Typel IFN- IFN alpha/beta belong to cytokine family and they exhibit antiviral properties
and are used as broad-spectrum antivirals. These chemical mediators have autocrine and paracrine
functions and potentiate the exposition of interferon-stimulated genes (ISG). The ISGs transmit the
antiviral properties to host cells to fight against the viruses.[35] [FNs inhibit viral replication and support
immune response to eradicate the virus. Previous experience with SARS-CoV outbreak (2003) proved
that IFN-alpha accentuated the clearance of lung pathology caused by SARS-CoV in critically ill
patients. Recent clinical trials of IFN-beta in COVID-19 cases have shown improved survival when
administered in the early phase of the disease and reduced hospital stay and mortality, supplementing
the standard of care. [36]

5.7 Camostat Mesylate.

Camostat Mesylate is an orally bioavailable, synthetic protease inhibitor, with anti-inflammatory, and
potential antiviral activities. It was developed and used in Japan since 1980 for the treatment of acute
pancreatitis and reflux esophagitis. It inhibits the activities of a variety of proteases, including trypsin,
kallikrein, thrombin, plasmin, and some complement system enzymes like C1 esterase. Camostat
Mesylate may also suppress the production and activity of cytokines such as IL-1, IL-6, TNF-alpha and
transforming growth factor-beta (TGF-beta). This reduces inflammation and alleviates the cytokine
storm. Besides, this compound may inhibit the activity of transmembrane protease, serine 2
(TMPRSS2). The TMPRSS2 manipulates the spike proteins of SARS-CoV and MERS-CoV and thus,
facilitating viral entry into the cell. By inhibition of TMPRSS2, camostat mesylate blocks the entry of
virus in the cell, thereby inhibiting viral replication and infection.[13] It has been reported that the
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SARS-CoV-2 like other coronaviruses enters and infects the host cells through ACE-2 receptor proteins.
The binding of the spike proteins of virus and ACE-2 receptor proteins requires TMPRSS2 and camostat
mesylate might be beneficial in the treatment of COVID-19, through the same mechanism.[37] When
given to mice following SARS-CoV infection, it reduced the mortality from 100% to 30-35%. This drug
is under the experimental stage for COVID-19 in humans and the outcomes still awaited.

5.8 Favipiravir

Another repurposed antiviral drug which is under trial to alleviate COVID-19 is Favipiravir (T-705). It
was used against resistant influenza A and B viral infections in Japan and has also been investigated for
the treatment of viral haemorrhagic fever (Ebola) and Lassa virus. This compound is a purine nucleoside
analogue or a derivative of pyrazine carboxamide. Favipiravir has been approved for clinical trial against
SARS-CoV-2 in China, Japan, Italy, and Russia as of June 11, 2020. It acts by inhibiting an enzyme
known as RNA-dependent RNA polymerase, responsible for transcription and replication of the viral
genome.[28] Phase 1 and 2 of the drug trials have been completed with significant outcomes in terms
of efficacy of the drug in COVID-19 patients and reduced time of viral abolition. It is in the third phase
of the trial now and the results have yet to be authenticated. [38]

5.9 Tocilizumab

Various clinical trials are in progress to test the efficacy of drugs that block a variety of cytokines which
are the predecessors of the cytokine storm, a hyperinflammatory response that occurs in the severe cases
of COVID-19 resulting in ARDs and MOD. These drugs which belong to the immunomodulatory group
are selective cytokine inhibitors which either block the cytokine receptor or inhibit the cytokine itself.
One such drug is Tocilizumab used to treat rheumatoid arthritis. Tocilizumab is a recombinant,
monoclonal antibody antagonist of the IL-6 receptor. [28] Researchers have found a significant
reduction in the number of deaths and the need of mechanical ventilation in patients suffering from
severe Pneumonia due to SARS-CoV-2, who received Tocilizumab, either intravenously or
subcutaneously along with the standard of care, compared to those who received only the standard of
care. [39,40]

5.10 Convalescent plasma therapy

This is passive-adaptive immunotherapy, that directly targets the pathogen and neutralizes them by
immunomodulation. [24] Plasma with hyperimmune antibodies obtained from the recovered patients
have been proposed for treating critically ill COVID-19 patients but the effectiveness and safety of
convalescent plasma therapy to manage COVID-19 are constrained and uncertain. [41] Recently the
results of an open-label, phase II, multicentre, randomized controlled trial (PLACID TRIAL) happening
in India were released and according to the reports there was no reduction in the disease progression in
terms of severity as well as mortality rate among COVID-19 hospitalized patients. Although some
beneficial effects were noted regarding breathing difficulty, need of supportive oxygen therapy, and
improvement of general condition, the overall effectiveness of convalescent plasma therapy remains
limited against SARS-CoV-2. [42]

5.11 Herd immunity

For highly contagious diseases like SARS-CoV-2 infection, it is really hard to achieve herd immunity
as a great proportion of the population needs to be immunized either by vaccination or by carrying
infection which develops immunity for any future exposure to the specific agent. An approved vaccine
for COVID-19 is not available yet and recurrence of COVID-19 infection have been reported in
sporadic cases which proves that antibodies develop after the first exposure to SARS-CoV-2 virus might
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not be effective against further exposure to the virus. Many projects for the development of vaccines
against SARS-CoV-2 are in progress. Some of the projects which are in phase II and III stage with
promising results are as follows:

5.11.1 Moderna. This vaccine trial is being conducted in Seattle, Washington. A messenger RNA
(mRNA-1273) vaccine approved from the FDA has been tested through three phases clinical trial. [43]
Recently the results are announced by the company that mRNA-1273 is highly effective in generating
immunity for COVID-19.

5.11.2. The University of Oxford in England. This vaccine (ChAdOx1 nCoV-19) trial is based on the
use of a modified virus that stimulates the immune system of the host. The clinical trial initiated in April
as a joint venture of Oxford University and a biopharmaceutical company AstraZeneca, with more than
500 participants. [43] It is in the third phase of the clinical trial and the results are awaited. Preliminary
results of the first two phases revealed that the efficacy and safety of the vaccine. The vaccine generated
a strong immune response by increased production of antibodies and enhanced responses from T-cells.

512 Infection Control & Public Health Measures to Limit Transmission of SARS-CoV-2

Prevention measures are strongly implemented in the affected countries to reduce transmission in the
community. Self-isolation by people and complete lockdown enforced by government authorities in
China have played a major role in breaking the chain of COVID-19. [44] Many countries employed the
same strategy to stop the spread of this highly contagious virus. There are still aggressive isolation and
social distancing measures at some places such as the U.S, India, and some countries of Europe, where
the virus keeps on resurging. According to WHO guidelines quarantine of diagnosed COVID-19
patients, isolation of any suspected cases till screening for SARS-CoV-2 comes negative, frequent hand
washing, application of sanitizers, use of cloth face coverings and gloves are highly effective
precautionary measures against the spread of COVID-19. Elderly and patients with a medical history of
chronic non-communicable diseases such as cardiovascular diseases, diabetes, renal failure, cancer,
autoimmune diseases, are more vulnerable to contract viral infections with grave prognosis and therefore
clear guidelines have been provided by the health authorities to healthcare providers. [45] Healthcare
agencies have recommended telemedicine where possible to avoid overcrowding in the hospitals. Strict
preventive and self-protective measures should be practised by healthcare staff using N95 respirators,
surgical masks, eye protection, face shields, gloves, and isolation gowns to halt the transmission of the
virus. [46]

6. Conclusion

Some time-tested measures to control the outbreak and spread are to encourage proper hygiene,
preventing contact with suspected animal hosts of such viruses and isolation of individuals with a
confirmed positive diagnosis while waiting for the development of a specific vaccine and a therapeutic
substance to control SARS-CoV-2. More research needs to be done on the timely detection of these
diseases and countries need to put protocols in place to restrict the movement of individuals immediately
to stop another local outbreak from turning into a global pandemic next time.
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