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Abstract 

The COVID-19, also known as the coronavirus pandemic, is an ongoing global pandemic of coronavirus disease 2019 
caused by severe acute respiratory syndrome SARS-CoV-2. The novel virus was first identified from an outbreak in the 
Chinese city of Wuhan in December 2019, and attempts to contain it there failed, allowing it to spread across the globe. 
The ongoing pandemic is resulting from extreme acute breathing syndrome. The World Health Organization declared 
a Public Health Emergency of International Concern on 30 January 2020 and later declared a pandemic on eleven March 
2020. As of eight July 2021, greater than 185 million instances had been showed, with greater than four million deaths 
attributed to COVID-19. Over two hundred twenty-eight million cases of COVID-19 in the world have been reported 
until the 21st of September 2021 after the first rise in December 2019. The virus caused the disease called severe acute 
respiratory syndrome. The structure of SARC-CoV-2 shows the presence of Spike S protein, Membrane M protein, 
Envelop protein and Nucleocapsid. Currently, four SARS-CoV-2 variants, these are Alpha, Beta, Gamma, Delta and 
Omicron variants originated from United Kingdom, South Africa, Brazil/Japan, and India, respectively. The classification 
of SARS-CoV-2 variants is based on the mutations in the structure, based inclusions. Mutations in covid-2 create variants 
which are helpful in making stable vaccine and/or anti-viral drug design. In view of the significance of the structure, 
mutations and variants of Covid-19, it was found necessary to emphasize the whole problem into a brief review. 
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1. Introduction

Coronaviruses (CoVs), enveloped positive-sense RNA viruses, are characterized by club-like spikes that project from 
their surface. Coronaviruses are a group of RNA viruses that cause diseases in mammals and birds. In humans they cause 
respiratory tract infections (1). COVID-19 infections occur faster in patients of respiratory distress who have 
comorbidities such as cardiovascular diseases, hepatic disorders, pulmonary diseases, renal insufficiency, 
gastrointestinal and neurological complications, in addition to certain risk factors, such age, sex, race and genetics (2, 
3). With the recent emergence of severe acute respiratory syndrome (SARS-CoV-2), responsible for the current 
coronavirus disease pandemic, there are now seven coronaviruses known to infect humans (4). The novel human 
coronavirus disease has become the fifth documented epidemic since the 1918 flu pandemic. COVID-19 was first 
reported in Wuhan, China, and has since spread rapidly around the globe with over 210 countries and territories 
reporting infections. The global new COVID-19 cases and deaths are soaring. Increasing number of cases and deaths are 
being reported weekly since early October 2020. The numbers peaked in the second week of November 2020 with 
almost 4 million new cases and 60,000 new deaths recorded. As of 13 December 2020, SARS-CoV-2 is known to have 
infected over 70.4 million individuals with more than 1.5 million associated deaths reported (5). Fortunately, through 
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a global effort, COVID-19 vaccines are now entering the market to slow the spread of COVID-19, with the vaccines 
developed by Pfizer-BioNTech and Moderna both reporting greater than 94% efficacy in clinical trials (5). The Pfizer-
BioNTech COVID-19 vaccine has been approved for use in the United States, Canada, and United Kingdom, and priority 
is being given to people over 80 years of age and health care workers (6). On 18 December 2020, the U.S. Food and Drug 
Administration issued an emergency use authorization for Moderna’s vaccine (5, 7). However, caution is still warranted, 
as it is still unknown whether these vaccines will provide long-term protection. 

Multiple clinical risk factors for severe COVID-19 have been identified, including older age, male sex, African American 
race, smoking, and comorbidities. Patients with these comorbidities and risk factors have severe responses to the 
coronavirus infection (3, 8, 9) Studies have shown that a higher incidence of severe and fatal COVID-19 in male sex and 
is observed with increasing age (3, 10), and it is speculated that this phenomenon is partly attributed to preexisting 
comorbid conditions (11, 12). To date, there are several systematic reviews being published regarding the effect of 
comorbidities on prognosis of COVID-19 patients. However, much of the previous data analysis is limited by factors such 
as incomplete prevalence reporting due to the use of non-peer reviewed data and only using data from China (13, 14, 
15). This limits the conclusions that can be drawn from these early studies, particularly given the global reach of the 
SARS-CoV-2 pandemic. 

As the pandemic has progressed, an increasing amount of clinical data has been made available from around the world. 
Here we analyze the most recent data available in the literature to gain better insights into the development of COVID-
19 and severe forms of the disease resulting in death to aid the development of strategies to better manage SARS-CoV-
2-infected patients. 

2. Structure of SARS-CoV-2  

SARS-CoV-2 has typical features among the CoV family, belongs to the beta-CoV 2b group and is an enveloped +ssRNA 
virus (12). SARS-CoV-2 encodes the basic structural proteins of Spike S protein (S), Membrane M protein (M), Envelop 
E protein (E) and Nucleocapsid (N), as seen in the Figure (1, 2).  

 

Figure 1 Structure of SARS-CoV-2  

+ssRNA viruses, a large group that includes human pathogens such as SARS-CoV-2, replicate in the cytoplasm of the 
infected host cells. Replication complexes are generally associated with modified host cell membranes (14). The SARS-
CoV-2 replication is driven by the membrane-bound viral enzyme complex. This complex is often linked to modified 
intracellular membranes. CoVs and other members of the Nidovirus family have a polycistronic genome, and use a 
variety of transcriptional and (post-) translational mechanisms to regulate their expression (15, 16). Post translational 
modifications or PTMs are involved in modifying the protein structure after they have been translated by ribosomes. It 
identifies new functional groups such as phosphate and carbohydrates, expands the chemical repertoire of 20 standard 
amino acids through post-translational modifications, and plays important roles in regulating the folding, stability, 
enzymatic activity, subcellular localization and interaction of a protein with other proteins (17). Viruses that maintain 
compulsory cell life receive support from the protein synthesis mechanisms of the host cells after respiration. For this 
reason, after the polypeptides are synthesized, they modify protein functions by creating covalent modifications (18). 
The gene encoding the replicase/transcriptase contains nearly two-thirds of the CoV genome, the largest known RNA 
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genome to date. The replicase gene consists of open reading frames (ORFs) 1a and 1b. ORF1b is expressed by a 
ribosomal frameshift near the 3′-terminal of the ORF1a. Thus, the SARS-CoV genome translation yields two polyproteins 
(pp1a and pp1ab) (19, 20). 

 

Figure 2 Structure of SARS-CoV-2  

3. Mutations and Variants of SARS-CoV-2 

A mutation is just a genetic change. Mutations include point changes that are simply changes of one base to another (e.g., 
an "A" to a C, G, or T/U), insertions or deletions of single bases, or larger changes like insertion or duplication of a whole 
chunk of DNA/RNA. Many mutations are neutral. But some benefit the virus, allowing it to spread faster in humans, such 
as by becoming more transmissible or better at evading the COVID vaccines. Currently, there are some “variants of 
concern” out of which 10 “variants are being monitored” by the U.S. government SARS-CoV-2 Interagency Group. As 
these mutations take place, new versions of a virus develop and begin infecting more people. These new versions of the 
virus are called variants. The main difference between mutation and variation is that mutation is an alteration in the 
nucleotide sequence of a gene whereas variation is any difference between individuals of a particular species (21).  

Aim of this study is to present an updated systematic review on the influence of comorbidities on the exacerbation of 
COVID-19. In our review, we conducted a literature survey under the scope of the exponentially increasing SARS-CoV-
2 mutations and the numerous viral variations as the outcome. In the light of current knowledge, we aim to elaborate 
SARS-CoV-2′s ever changing disguises into novel mutant forms in various locations around the world, to analyze what 
features of such upcoming mutants differ from its original manifestation, and to emphasize the apparent discrepancies, 
which may be able to, in return, possibly aid in finding solutions for developing novel therapeutic approaches. Thus, the 
benefit of mutations in covid-2 is to form many variants and they will do benefit for the treatment of the disease (22). 

The commonly known severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is responsible for the 
coronavirus disease 2019 (COVID-19) that initially appeared by public reports in December 2019 in China and then 
spread worldwide, causing a pandemic outbreak throughout 2020 and 2021. As of 24th September 2021, COVID-19 has 
led to approximately 230 million confirmed cases and caused over 4.7 million deaths worldwide. In the United States, 
there have been around 42 million confirmed cases of COVID-19, with 677,323 deaths (21, 22).  

Viral variants result from mutations during viral replication. A mutation is described as any change, such as a 
substitution, deletion, or addition, in a genetic sequence of a virus compared to the normal sequence. Coronaviruses are 
positive, single-stranded RNA viruses resembling a crown appearance under a microscope (23). The mutation rate is 
slow compared to other common viruses, such as influenza (24). This means SARS-CoV-2 is less likely to experience 
mutational changes, such as antigenic drift and antigenic shift responsible for altering the virus composition that leads 
to differences in infectivity, transmission, and disease severity. As COVID-19 spreads across the world, the virus 
naturally mutates to form new variants that can either be more or less infectious than the previous form depending on 
the altered composition. Some of the mutations, especially those occurring at the Spike (S) protein, could affect the entry 
of the virus into the target cells and the efficacy of the antibody protection. Specifically, mutations occurring in the 
Receptor-Binding Domain (RBD) of the S protein are of high significance as most vaccines and neutralizing antibodies 
target the RBD (25). Other mutations in the S protein, such as one occurring at the N-terminal Domain (NTD), could 
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impair the capability of the neutralizing antibodies as well (26). With more studies, the impact of mutations occurring 
in other regions of the genome will be determined. 

The D614G mutation in the S protein documented in the early part of the pandemic is found in almost every sequence 
worldwide. This mutation is characterized by the replacement of aspartic acid with glycine at position 614 of the S 
protein and influences viral infectivity (27). Higher levels of viral RNA were noted in the patients, indicating high viral 
load and potential for higher infectivity (28). As the transmission of the virus continued, several new variants with 
multiple mutations have emerged globally (29). The Center for Disease Control, in collaboration with SARS-CoV-2 
Interagency Group (SIG), classify SARS-CoV-2 variants into variants of concern (VOC), variant of interest (VOI), and 
variants of high consequence depending on the threat level they pose to the public’s health, as described in the following 
sections (30).  

In this review, the various prevalent SARS-CoV-2 variants are identified to determine their impact on altering the 
current disease pathology. The focus is on the variants of concern, its multiple mutations, and their consequences. 
Furthermore, we compare the different COVID-19 variants to understand the underlying changes and how they could 
impact the current pandemic, at-risk patient populations, and healthcare professionals and facilities if certain variants 
become more emergent than the original strain. 

The naming of the SARS-CoV-2 variants is based on Phylogenetic Assignment of Named Global Outbreak Lineages 
(PANGOLIN) or interchangeably referred to as Pango lineage nomenclature (31). According to the nomenclature, there 
are two major lineages, namely, A and B, at the root of the phylogeny of SARS-CoV-2. Lineage A viruses, for instance, the 
Wuhan/WHO4/2020 sequence sampled in January 2020, share two nucleotides (positions 8782 in ORF1ab and 28144 
in ORF8) with the closest known bat viruses (RaTG13 and RmYN02). In comparison, lineage B, such as the Wuhan-Hu-
1 strain sampled in December 2019, display different nucleotides at the above-mentioned sites. The additional SAR-
CoV-2 genomes, which descend from either lineage A or lineage B, are designated a numerical value, for example, lineage 
A.1 or lineage B.2. Furthermore, these lineages (A.1 or lineage B.2) can act as predecessors for virus lineages that emerge 
in other geographical areas or at different time points, and these are designated with two sublevels, for instance, A.1.1. 
These designations can proceed for a maximum of three sublevels (e.g., A.1.1.1), after which new descendent lineages 
are given a letter (in English alphabetical sequence from C, so A.1.1.1.1 would become C.1 and A.1.1.1.2 would become 
C.2). These descendent lineages should show phylogenetic evidence of emergence from an ancestral lineage into 
another geographically distinct population, implying substantial forward transmission in that population.  

As of September 2021, lineage B and its sub-lineage B.1 appears to be the most prevalent worldwide. In the United 
States, there are four circulating variants, with B.1.1.7 being the most common. The other variants include B.1.351, P.1 
(B.1.1.28.1), and B.1.617.2 (the B.1.427 and B.1.429 variants have been de-escalated due to low prevalence). These 
variants appear to spread more easily and quickly than other variants, leading to more cases of COVID-19. The Centers 
for Disease Control and Prevention categorizes SARS-CoV-2 variants into different groups regarding the potential for 
causing severe disease leading to morbidity and/or mortality, significant infectivity rate, or decreased response to 
SARS-CoV-2 antibodies generated from a previous infection or vaccination (32). The different variants have been 
categorized into variants of interest (VOI), variants of concern (VOC), or variants of high consequence (VOHC) in the 
United States. Conversely, the European Centre for Disease Prevention and Control categorizes them into variants of 
interest (VOI), variants of concern (VOC), or variants under monitoring (VOM) (33). 

The World Health Organization (WHO) revised the naming system for SARS-CoV-2 (both VOC and VOI) based on the 
Greek alphabet, such as “Alpha”, “Beta” or “Gamma”. This system has the advantage of referring to the variants more 
quickly in a simplified scientific language, especially for non-scientists, national authorities, media, and others. 
Additionally, it avoids identifying them by the countries where they were identified first; thereby, preventing 
stigmatization of a country for detecting and reporting variants (34).  

4. Conclusion 

The viruses have a mutation rate that is much higher than even humans or other animals, and they replicate at a rate 
that is very fast. Among the 103 SARS-CoV-2 genomes, a total of 149 mutations are identified. The number of variants 
in SARS-CoV-2 are Alpha, Beta, Gamma, Delta and Omicron. SARS-CoV-2 mutate and create divergent variants by 
altering the composition of essential constituent proteins. Pharmacologically, it is crucial to understand the diverse 
mechanism of mutations for stable vaccine or anti-viral drug design. The study may easily be extended to the samples 
across the globe.  
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