
SARS-CoV-2: Severe Acute Respiratory Syndrome – CoronaVirus – 2

COVID-19: Coronavirus Disease 2019

Coronaviruses (CoVs) are relatively large viruses containing a single-stranded positive-sense RNA genome 
encapsulated within a membrane envelope. The viral membrane is studded with glycoprotein spikes that give 
coronaviruses their crownlike appearance .While coronaviruses infect both humans and animals, certain types of 
animals such as bats that  host the largest variety of coronaviruses appear to be immune to coronavirus-induced illness. 
[1] 

Over the past two decades, two novel coronaviruses, severe acute respiratory syndrome CoV (SARS-CoV) and 
Middle East respiratory syndrome CoV (MERS-CoV),have emerged and cause severe human diseases. 
In December of 2019, there was another outbreak of a novel coronavirus named SARS-CoV-2.

Similar to SARS-CoV and MERS-CoV, SARS-CoV-2 attacks the lower respiratory system to cause viral organ 
failure.[2,3] Current information indicates that SARSCoV-2 is more transmissible/contagious than SARS-CoV.
pneumonia, but it may also affect the gastrointestinal system, heart, kidney, liver, and central nervous system leading 
to multiple organ failure. [4]

Identification of targets is important for identifying drugs with high target specificity and/or uncovering existing drugs that could 
be repurposed to treat SARS-CoV-2 infection. Table 2 lists potential targets, their roles in viral infection, and representative
existing drugs or drug candidates that reportedly act on the corresponding targets in similar viruses and thus are to be assessed 
for their effects on SARS-CoV-2 infection. [5]

share over 95% of 
sequence similarity with 
those of SARS-CoV

share a highly conserved
receptor-binding domain 
(RBD) ~ 76%

share similar active sites 
with SARS-CoV

[5]



Since SARS-CoV-2 is a newly discovered pathogen, no specific drugs have been identified or are currently unavailable.

Antiviral strategies involving small molecules

1. Existing Drugs with Potential Therapeutic Applications for COVID-19 (Drug Repurposing)
The selection was based on the basis of genomic sequence information coupled with protein structure modeling.

1. Selected patents associated with potential drugs (repurposing) for COVID-19 or small molecule for treatment of SARS and MERS
The selection was based on the presence of important terms in CAS-indexed patents as well as the presence of the synthetic preparation role assigned by CAS scientists 
during document indexing.

1. Small molecule compounds in Research and Development with therapeutic potential for COVID-19
Small molecule compounds currently in research and development that have shown significant inhibitory effects on many key proteins from similar coronaviruses such as 
SARS-CoV and MERS-CoV. These drug candidates mostly inhibit viral enzymes including proteases and components for RdRp. Since 3CLpro protease has a high level of 
sequence homology between SARS-CoV and SARS-CoV-2, inhibitors against 3CLpro of SARS-CoV may also be applicable to SARS-CoV-2.

1. Similar molecules with possible therapeutic effects identified by structural similarity, Lipinski’s Rule of 5, and pharmacology/therapeutic role 
assigned by CAS Scientists during Document Indexing

Compounds listed in strategy 1 and 3, were subjected to a Tanimoto similarity search in CAS REGISTRY using CAS proprietary fingerprints. Although more work remains to 
be done in this regard, the methodology and results mentioned here point to a strategy that may help streamline the process of drug discovery for COVID-19.

CAS data show that targets 3CLpro and RdRp
attracted more attention than other targets, and 
more compounds with therapeutic potential were 
identified for these targets, probably due to the 
work done for SARS-CoV which also contains 3CLpro 
and RdRp.

[5]



Antiviral strategies involving biologics

Biologics patents related to SARS and MERS 
As biologics have the potential to broaden the spectrum of the treatment options for coronavirus induced diseases, leveraging prior 
knowledge and practices used to address the SARS and MERS outbreaks provides a practical strategy for developing new target-specific 
therapeutic agents for SARS-CoV-2. To this end, an analysis of biologics from patents contained in the CAS content collection was 
performed. The patent analysis included information related to therapeutic antibodies, cytokines, interfering and other therapeutic RNAs, 
and vaccines for potential treatment and/or  prevention of SARS-related diseases from patents published from 2003 to the present.

Figure 6 shows more than 500 patents that disclose 
the use of these four biologics classes to treat and 
prevent SARS and MERS. Of these patents, vaccine 
development was the largest class (363), followed by 
therapeutic antibodies (99), interfering RNAs (35), and 
cytokines(22). 

So we have to recognize the indispensable role of 
vaccines in viral disease prevention.

3. RNA therapies
RNA interference (RNAi) is a biological process where in small complementary RNA duplexes target and neutralize specific mRNA molecules, resulting in 
inhibition of gene expression or genetic translation. 
• Interfering RNAs include microRNAs and small interfering RNAs (siRNAs) that are generally about 21−25 nucleotides in length.
• Short hairpin RNAs (shRNAs) are artificial synthetic RNA molecules designed to fold into a tight hairpin conformation that allows them to silence their

target genes, and can serve as precursors of siRNAs.
• Antisense RNAs are single-stranded RNAs which are naturally occurring or synthetic and usually around 19−23 nucleotides in length with a sequence
• complementary to that of a protein coding mRNA, allowing it to hybridize and block protein translation.

1. Antibodies
The efficacy of therapeutic antibodies stems from various natural functions of antibodies — neutralization, antibody-dependent cell-mediated cytotoxic (ADCC) activity, or 

complement-dependent cytotoxic (CDC) activity — or the antibody can be utilized as a drug delivery carrier (missile therapy). [6]

2. Cytokines
Cytokines are low-molecular-weight proteins that act as chemical signals in the immune response to pathogen invasion. The production of various cytokines in response to 
an invading pathogen such as a virus contributes to the host organism’s ability to eliminate the pathogen. Specific types of cytokines, including chemokines, interferons
(IFNs), interleukins, and lymphokines, have been reported and characterized in the literature over the past 40 years. During a viral infection, the most prominent cytokines 
produced are IFNs, which interfere with viral replication. Because of their ability to interfere with viral replication, interferons and interferon fusion proteins have been 
utilized as therapeutic agents for treatment of viral infections for the past 20 years.

[5]



This fun fact provides an overview of strategies and molecular targets for discovery and development of therapeutic agents for 
the treatment of COVID-19 and coronavirus-related. For more information about this and the lists of drugs that are under 
research, you could search the review article Research and Development on Therapeutic Agents and Vaccines for COVID-19 and 
Related Human Coronavirus Diseases [ACS Central Science Article ASAP DOI: 10.1021/acscentsci.0c00272 ] which devotes 
attention to current efforts involved in advancing more efficient and accurate COVID-19 diagnosis methods and products.

In the next page, there are the recommendations for the treatment of COVID-19 until a drug is being approved.
These drugs has indicated a good cost-effectiveness ratio and are considered for use in older patients or patients with under underlying 

conditions and serious symptoms.



In the absence of an established treatment regimen, the China International Exchange and Promotive Association for Medical and Health 
Care (CPAM) issued a novel 2019 coronavirus disease (COVID-19) guideline in February 2020.
For direct antiviral treatment of SARS-CoV-2, CPAM recommends use of lopinavir; ritonavir [2 capsule (dose undefined) by mouth twice daily] 
in combination with nebulized alfa-interferon (5 million units in Sterile Water for Injection inhaled twice daily). 

CPAM has based this recommendation on weak evidence from retrospective cohort, historically controlled studies, case reports, and case 
series that suggest clinical benefit of lopinavir; ritonavir in the treatment of other coronavirus infection 

[i.e., 2002 SARS-CoV and 2012 Middle East respiratory syndrome coronavirus] 
In addition to CPAM, a group of Korean physicians with experience in treating SARS-CoV-2 infected patients have developed recommendations for the treatment of COVID-
19. According to these physicians, antiviral medications are not recommended for use in young, healthy patients with mild symptoms and no underlying comorbid 
conditions. However, treatment with lopinavir 400 mg; ritonavir 100 mg (2 tablets by mouth twice daily) or chloroquine (500 mg by mouth twice daily) should be 
considered for use in older patients or patients with under underlying conditions and serious symptoms. If chloroquine is unavailable, they recommend considering use of 
hydroxychloroquine (400 mg by mouth once daily). Use of ribavirin and interferon were not recommended as first-line treatments because of the risk for side effects; 
however, use of these medications may be considered if treatment with lopinavir; ritonavir, chloroquine, or hydroxychloroquine are ineffective. [7]
1) Lopinavir is an antiretroviral protease inhibitor used in combination with other antiretrovirals in the treatment of HIV-1 infection. Lopinavir is marketed and administered 
exclusively in combination with ritonavir. It is necessary due to lopinavir's poor oral bioavailability and extensive biotransformation. Ritonavir is a potent inhibitor of the 
enzymes responsible for lopinavir metabolism, and its co-administration "boosts" lopinavir exposure and improves antiviral activity. Like many other protease inhibitors 
(e.g. saquinavir, nelfinavir), lopinavir is a peptidomimetic molecule - it contains a hydroxyethylene scaffold that mimics the peptide linkage typically targeted by the HIV-1 
protease enzyme but which itself cannot be cleaved, thus preventing the activity of the HIV-1 protease. [8]

HIV protease is a viral enzyme responsible for the cleavage of polyprotein into capsit protein and matrix protein.
HIV protease inhibitors mimic the proteins cut by HIV protease, as a result immature and noninfectious viral particles are being released.

2) Alfa-Interferon used to stimulate the innate antiviral response. [7]

3) Chloroquine is indicated to treat infections of P. vivax, P. malariae, P. ovale, and susceptible strains of P. falciparum. It is also used off label for the treatment 

of rheumatic diseases, as well as treatment and prophylaxis of Zika virus. Chloroquine is currently undergoing clinical trials for the treatment of COVID-19. (why? 

Studies revealed that it has potential broad-spectrum antiviral activities by increasing endosomal pH required for virus/cell fusion, as well as interfering with the 

glycosylation of cellular receptors of SARS-CoV). [7]



The need of vaccines’ development

One infected individual is estimated to transmit the virus in to 2.2 individuals and a mean incubation 

period of 5.8 days. Also, the fact that SARS-CoV-2 is transmitted from infected individuals without 

symptoms, together with its’ ability to cause pandemic in a period of weeks, suggests that the control 

of this viral infection will be challenging without vaccines. 

Currently those with the highest risk of acquiring COVID-19 or deteriorating their health state are 

frontline healthcare workers, elderly above the age of 60 and those with underlying diseases, like 

diabetes and hypertension. [9]

Potential Pharmacologiacal Targets

As mentioned above, SARS-CoV-2 has 4 structural proteins, envelope (E), membrane (M), with an important role in the 
viral assembly,  nucleocapsid (N), necessary for viral RNA synthesis and spike (S). All these proteins could be possibly used
as antigens. [10]

Spikes protruding from their surface and bind onto human cells, 
and then undergo a structural change that allows the viral 
membrane to fuse with the cell membrane. The viral genes can 
then enter the host cell to be copied, producing more viruses. 
Recent work shows that, like the virus that caused the 2002 SARS 
outbreak, SARS-CoV-2 spikes bind to receptors on the human cell 
surface called angiotensin-converting enzyme 2 (ACE2). [11]

Blocking the initial entry suggests a successful strategy in controlling the viral infection and most of the 
vaccine candidates follow this approach. [12]

Thanks to cryo-electron microscopy 
researchers managed to take detailed 
pictures of the structure of the spike 
protein. The researchers found that the 
SARS-CoV-2 spike was 10 to 20 times more 
likely to bind ACE2 on human cells than the 
spike from the SARS virus from 2002. This 
may enable SARS-CoV-2 to spread more 
easily from person to person than the 
earlier virus. [13]



According to the table, S subunit vaccines were a preferable strategy on vaccines’ 
development, as they resulted to higher neutralizing antibody titers and more 
complete protection. Vaccines specifically target S1 subunit of the viral S protein, the 
one that contains the receptor binding domain. (RBD) [5]

Vaccines candidates at this moment target on the 
SARS-CoV-2 spike (S) glycoprotein.  Another 
approach of using this protein is to isolate 
antibodies from people that have recovered, 
produce them in large quantities and potentially 
administrate them to infected people if a vaccine is 
not yet developed. [14]



Strategies followed for Vaccines’ development

From The SARS-CoV-2 Vaccine Pipeline: an Overview

Nucleic acid vaccines

The development of DNA and mRNA vaccines is easier, reaching to clinical trials fast, however, they remain very quickly 

experimental. [15] 



Inovio is collaborating with Beijing Advaccine developing INO-4800, aiming to run a Phase 1 in China, while attempting clinical development in the US as well. Inovio’s

vaccine (INO-4700) against MERS-CoV, a related coronavirus, was the first into evaluation in humans. Inovio is currently preparing to initiate a Phase 2 trial for INO-

4700 in the Middle East where most MERS viral outbreaks have occurred, as the Phase 1 resulted that it was well tolerated, induced a high level of antibodies at 95% 

of subjects and generated broad T-cells in almost 90% of the participants. [16]

In parallel, European Commission has approved the OPENCORONA project in order to develop a DNA vaccine for COVID-19. Karolinska Institute of Stockholm is the 

coordinator of the project, collaborating with IGEA, an industrial partner. IGEA is responsible for the electroporation technology, a technique that delivers DNA into 

cells, is performed over 20 years and its’ devices have approved usage to humans. (IGEA, Clinical Biophysics)

This project is also a fine example of academia collaborating with industry as other companies have contributed as well, like Cobra Biologics (produces the plasmids 

that include parts of SARS-CoV-2, following GMP) and Adlego (performs toxicological studies in accordance to GLP), increasing the possibility on taking it to a Phase I 

clinical trial. (Vaccine Development against coronavirus enters next phase)

Moderna’s approach was on the other hand to develop mRNA vaccines.  Traditionally, constraining infectious diseases, like measles, suggests vaccination with large 

amounts of virus or bacteria-known as the antigen-that would take months to develop. In order to shorten the needed period of time for this process and taking into 

account that immune cells recognize certain proteins produced by the viruses or the bacteria, researchers load their vaccines with mRNA that would code the correct 

corona virus proteins. Once the genetic sequence of SARS-CoV-2 became available, scientists quickly selected a sequence to express the spike protein in the existing 

mRNA platform. After injected to the body, immune cells in the lymph could process that mRNA, initiate the making of the proteins, so other immune cells to 

recognize them and start an immune respond to an actual viral infection. 

Some of the advantages of this strategy are that not involving live 

or dead viruses could lead   to a fast scale up and also, that the 

existence of the mRNA in the body would guide the production of 

the viral protein in the exact same way the virus would. [17]

The phase I trial begun for the mRNA-1273 vaccine in a record 

time, on 16/3/2020 at the KPWHRI. Study participants will 

receive 2 doses of the vaccine (intramuscular injection) in the 

upper arm, approximately 28 days apart. This study focuses on 

safety and immune response at several dosing levels. [18]



Whole Virus Vaccines

A classic approach for viral vaccination suggests live-attenuated or dead whole viruses. Johnson & Johnson, following a strategy similar to Ebola 
Vaccine platform, is going to deliver the virus through Janssen’s AdVac® adenoviral vector and manufacture in their PER.C6® cell line technology. 
An important asset of this approach is the ability of vaccines to produce immunogenicity and stimulate toll like receptors (TLRs). However, their 
safety must be well tested considering new findings that show that after immunization with dead or alive SARS corona virus, follows raised 
infectivity.[19]

Subunit Vaccines

Novavax, due to its’prior experience with MERS-CoV (In 2015 developed and applied its patent for an immunogenic composition that consists of 

MERS-CoV nanoparticle VLPs including at least one trimer of S protein that was produced by baculovirus overexpression in Sf9 cells) and applying 

their recombinant nanoparticle vaccines technology along with their adjuvant Matrix-M, has announced on February26 that has begun animal 

tests on potential COVID-19 vaccines candidates.

However, it should be mentioned that subunit vaccines require booster shots and suitable adjuvants to work. [5]

Shang, W., Yang, Y., Rao, Y. et al. The outbreak of SARS-CoV-2 pneumonia calls for viral 
vaccines. npj Vaccines 5, 18 (2020). https://doi.org/10.1038/s41541-020-0170-0
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