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Abstract
COVID-19 is considered an acute and chronic pandemic disease caused by coronavirus2.  In this literature review, we will 
focus on the etiology, epidemiology of this disease, methods of transmission, pathogenesis, and its pathophysiology. Also, 
we will shed the light on treatment strategy including both vaccines and drugs.
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Introduction
Coronavirus disease 2019 (COVID-19), the highly 

contagious viral illness caused by severe acute respiratory 
syndrome coronavirus2 (SARS-CoV-2), has had a catastrophic 
effect on the world’s demographics resulting in more than 3.8 
million deaths worldwide, emerging as the most consequential 
global health crisis since the era of the influenza pandemic of 
1918. After the first cases of this predominantly respiratory viral 
illness were first reported in Wuhan, Hubei Province, China, in 
late December 2019, SARS-CoV-2rapidly disseminated across 
the world in a short span of time, compelling the World Health 
Organization (WHO) to declare it as a global pandemic on March 
11, 2020. Since being declared a global pandemic, COVID-19 has 
ravaged many countries worldwide and has overwhelmed many 
healthcare systems. The pandemic has also resulted in the loss 
of livelihoods due to prolonged shutdowns, which have had a 
rippling effect on the global economy. Even though substantial 
progress in clinical research has led to a better understanding of 

SARS-CoV-2 and the management of COVID-19, limiting the 
continuing spread of this virus and its variants has become an 
issue of increasing concern, as SARS-CoV-2 continues to wreak 
havoc across the world, with many countries enduring a second or 
third wave of outbreaks of this viral illness attributed mainly due 
to the emergence of mutant variants of the virus. Like other RNA 
viruses, SARS-CoV-2, while adapting to their new human hosts, 
is prone to genetic evolution with the development of mutations 
over time, resulting in mutant variants that may have different 
characteristics than its ancestral strains. Several variants of SARS-
CoV-2 have been described during the course of this pandemic, 
among which only a few are considered variants of concern 
(VOCs) by the WHO, given their impact on global public health. 
Based on the recent epidemiological update by the WHO, as of 
December 11, 2021, five SARS-CoV-2 VOCs have been identified 
since the beginning of the pandemic:

•	 Alpha (B.1.1.7): first variant of concern described in the 
United Kingdom (UK) in late December 2020

•	 Beta (B.1.351): first reported in South Africa in December 
2020



2 Volume 1; Issue 01Asteroid Publishers | https://asteroidpublishers.com/

Sebaiy MM, et al. J Pharm Res Drug Safety 1: 103. 

•	 Gamma(P.1): first reported in Brazil in early January 2021

•	 Delta (B.1.617.2): first reported in India in December 2020

•	 Omicron (B.1.1.529): first reported in South Africa in 
November 2021

Etiology
Coronaviruses (CoVs) are positive-stranded RNA(+ssRNA) 

viruses with a crown-like appearance under an electron microscope 
(coronam is the Latin term for crown) due to the presence of spike 
glycoproteins on the envelope. The subfamily Orthocoronavirinae of 
the Coronaviridae family (order Nidovirales) classifies into four 
genera of CoVs:

•	 Alphacoronavirus (alphaCoV)

•	 Betacoronavirus (betaCoV)

•	 Deltacoronavirus (deltaCoV)

•	 Gammacoronavirus (gammaCoV)

BetaCoV genus is further divided into five sub-genera or 
lineages [1]. Genomic characterization has shown that bats and 
rodents are the probable gene sources of alpha CoVs and beta 
CoVs. On the contrary, avian species seem to represent the gene 
sources of delta CoVs and gamma CoVs. CoVs have become 
the major pathogens of emerging respiratory disease outbreaks. 
Members of this large family of viruses can cause respiratory, 
enteric, hepatic, and neurological diseases in different animal 
species, including camels, cattle, cats, and bats. For reasons yet 
to be explained, these viruses can cross species barriers and can 
cause, in humans, illness ranging from the common cold to more 
severe diseases such as MERS and SARS. To date, seven human 
CoVs (HCoVs) capable of infecting humans have been identified. 
Some of the HCoVs were identified in the mid-1960s, while others 
were only detected in the new millennium. In general, estimates 
suggest that 2% of the population are healthy carriers of a CoVs 
and that these viruses are responsible for about 5% to 10% of acute 
respiratory infections [2]. 

Common human CoVs: HCoV-OC43, and HCoV-HKU1 
(betaCoVs of the A lineage); HCoV-229E, and HCoV-NL63 
(alphaCoVs). These viruses can cause common colds and self-
limiting upper respiratory tract infections in immunocompetent 
individuals. However, in immunocompromised subjects and 
the elderly, lower respiratory tract infections can occur due to 
these viruses. Other human CoVs: SARS-CoV and MERS-CoV 
(betaCoVs of the B and C lineage, respectively). These viruses 
are considered to be more virulent and capable of causing 
epidemics manifesting with respiratory and extra-respiratory 
manifestations of variable clinical severity.

SARS-CoV-2 is a novel betaCoV belonging to the same 
subgenus as the severe acute respiratory syndrome coronavirus 
(SARS-CoV) and the Middle East Respiratory Syndrome 
Coronavirus (MERS-CoV), which have been previously implicated 
in SARS-CoV and MERS-CoV epidemics with mortality rates up 

to 10% and 35%, respectively [3]. It has a round or elliptic and 
often pleomorphic form and a diameter of approximately 60–140 
nm. Like other CoVs, it is sensitive to ultraviolet rays and heat. In 
this regard, although high temperature decreases the replication 
of any species of virus. Currently, the inactivation temperature 
of SARS-CoV-2 is being researched. A stainless-steel surface held 
at an air temperature of 54.5°C (130 °F) results in the inactivation 
of 90% of SARS-CoV-2 in approximately 36 minutes. At 54.5°C, 
the time for a 90% decrease in infectivity was 35.4 ± 9.0 min and 
the virus half-life was 10.8 ± 3.0 min.[4] Conversely, it may resist 
lower temperatures even below 0°C. Also, these viruses can be 
effectively inactivated by lipid solvents, including ether (75%), 
ethanol, chlorine-containing disinfectant, peroxyacetic acid, and 
chloroform except for chlorhexidine.

Genomic characterization of the new HCoV, isolated from 
a cluster-patient with atypical pneumonia after visiting Wuhan, 
had 89% nucleotide identity with bat SARS-like-CoVZXC21 and 
82% with that of human SARS-CoV. Hence, it was termed SARS-
CoV-2 by experts of the International Committee on Taxonomy 
of Viruses. The single-stranded RNA genome of SARS-CoV-2 
contains 29891 nucleotides, encoding for 9860 amino acids.

Although the origin of SARS-CoV-2 is currently unknown, 
it is widely postulated to have originated from an animal 
implicating zoonotic transmission. Genomic analyses suggest 
that SARS-CoV-2 probably evolved from a strain found in bats. 
The genomic comparison between the human SARS-CoV-2 
sequence and known animal coronaviruses indeed revealed high 
homology (96%) between the SARS-CoV-2 and the betaCoV 
RaTG13 of bats (Rhinolophus affinis) [5]. Similar to SARS and 
MERS, it has been hypothesized that SARS-CoV-2 advanced 
from bats to intermediate hosts such as pangolins and minks, 
and then to humans.[6]. A recently released report by the WHO 
describing the possible origins of SARS-CoV-2 was inconclusive 
as it did not clearly specify the origin of the virus; however, it did 
report that the circulation of SARS-CoV-2 occurred as early as 
December 2019. This report explored several possible hypotheses 
of the origin of the virus that included the origin of the virus in an 
animal, the transmission of the virus to an intermediate host, and 
subsequent passage into humans.

SARS-CoV-2 Variants
As mentioned earlier, SARS-CoV-2 is prone to genetic 

evolution resulting in multiple variants that may have different 
characteristics compared to its ancestral strains. Periodic genomic 
sequencing of viral samples is of fundamental importance, 
especially in a global pandemic setting, as it helps detect any 
new genetic variants of SARS-CoV-2. Notably, the genetic 
evolution was minimal initially with the emergence of the 
globally dominant D614G variant, which was associated with 
increased transmissibility but without the ability to cause severe 
illness. Another variant was identified in humans, attributed 
to transmission from infected farmed mink in Denmark, which 
was not associated with increased transmissibility [7]. Since 
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then, multiple variants of SARS-CoV-2 have been described, of 
which a few are considered variants of concern (VOCs) due to 
their potential to cause enhanced transmissibility or virulence, 
reduction in neutralization by antibodies obtained through 
natural infection or vaccination, the ability to evade detection, 
or a decrease in therapeutics or vaccination effectiveness. With 
the continued emergence of multiple variants, the CDC and the 
WHO have independently established a classification system for 
distinguishing the emerging variants of SARS-CoV-2 into variants 
of concern (VOCs) and variants of interest (VOIs).

SARS-CoV-2 Variants of Concern (VOCs)

Alpha (B.1.1.7 lineage)
In late December 2020, a new SARS-CoV-2 variant 

of concern, B.1.1.7 lineage, also referred to as Alpha 
variant or GRY(formerly GR/501Y.V1), was reported in the UK 
based on whole-genome sequencing of samples from patients 
who tested positive for SARS-CoV-2 [8]. In addition to being 
detected by genomic sequencing, the B.1.1.7 variant was 
identified in a frequently used commercial assay characterized 
by the absence of the S gene (S-gene target failure, SGTF) PCR 
samples. The B.1.1.7 variant includes 17 mutations in the viral 
genome. Of these, eight mutations (Δ69-70 deletion, Δ144 
deletion, N501Y, A570D, P681H, T716I, S982A, D1118H) are in 
the spike (S) protein. N501Y shows an increased affinity of the 
spike protein to ACE 2 receptors, enhancing the viral attachment 
and subsequent entry into host cells [9]. This variant of concern 
was circulating in the UK as early as September 2020 and was 
based on various model projections. It was reported to be 43% 
to 82% more transmissible, surpassing preexisting variants of 
SARS-CoV-2 to emerge as the dominant SARS-CoV-2 variant 
in the UK [10]. An initial matched case-control study reported 
no significant difference in the risk of hospitalization or 
associated mortality with the B.1.1.7 lineage variant compared 
to other existing variants. However, subsequent studies have 
since reported that people infected with B.1.1.7 lineage variant 
had increased severity of disease compared to people infected 
with other circulating forms of virus variants [11]. A large 
matched cohort study performed in the UK reported that 
the mortality hazard ratio of patients infected with B.1.1.7 
lineage variant was 1.64 (95% confidence interval 1.32 to 2.04, 
P<0.0001) patients with previously circulating strains.[12]
Another study reported that the B 1.1.7 variant was associated 
with increased mortality compared to other SARS-CoV-2 
variants (HR= 1.61, 95% CI 1.42-1.82) [13]. The risk of death 
was reportedly greater (adjusted hazard ratio 1.67, 95% CI 
1.34-2.09) among individuals with confirmed B.1.1.7 variant 
of concern compared with individuals with non-1.1.7 SARS-
CoV-2 [14].

Beta (B.1.351 lineage)
Another variant of SARS-CoV-2, B.1.351 also referred to 

as Beta variant or GH501Y.V2 with multiple spike mutations, 

resulted in the second wave of COVID-19 infections, was first 
detected in South Africa in October 2020 [15]. The B.1.351 
variant includes nine mutations (L18F, D80A, D215G, R246I, 
K417N, E484K, N501Y, D614G, and A701V) in the spike 
protein, of which three mutations (K417N, E484K, and N501Y) 
are located in the RBD and increase the binding affinity for 
the ACE receptors [16]. SARS-CoV-2 501Y.V2(B.1. ccc  xccssion 
and reduced neutralization by monoclonal antibody therapy, 
convalescent sera, and post-vaccination sera [17].

Gamma (P.1 lineage)
The third variant of concern, the P.1 variant also 

known as Gamma variant or GR/501Y.V3, was identified in 
December 2020 in Brazil and was first detected in the US in 
January 2021. The B.1.1.28 variant harbors ten mutations in 
the spike protein (L18F, T20N, P26S, D138Y, R190S, H655Y, 
T1027I V1176, K417T, E484K, and N501Y). Three mutations 
(L18F, K417N, E484K) are located in the RBD, similar to the 
B.1.351 variant [17]. Notably, this variant may have reduced 
neutralization by monoclonal antibody therapies, convalescent 
sera, and post-vaccination sera [18].

Delta (B.1.617.2 lineage)
The fourth variant of concern, B.1.617.2 also referred to 

as the Delta variant was initially identified in December 2020 
in India and was responsible for the deadly second wave of 
COVID-19 infections in April 2021 in India. In the United 
States, this variant was first detected in March 2021. The Delta 
variant was initially considered a variant of interest. However, 
this variant rapidly spread around the world prompting the 
WHO to classify it as a VOC in May 2021. The B.1.617.2 variant 
harbors ten mutations ( T19R, (G142D*), 156del, 157del, R158G, 
L452R, T478K, D614G, P681R, D950N) in the spike protein.

Omicron (B.1.1.529 lineage)
The fifth variant of concern B.1.1.529, also designated as 

the Omicron variant by the WHO was first identified in South 
Africa on 23 November 2021 after an uptick in the number 
of cases of COVID-19 [19]. Omicron was quickly recognized 
as a VOC due to more than 30 changes to the spike protein 
of the virus along with the sharp rise in the number of cases 
observed in South Africa. The reported mutations include 
T91 in the envelope, P13L, E31del, R32del, S33del, R203K, 
G204R in the nucleocapsid protein, D3G, Q19E, A63T in the 
matrix, N211del/L212I, Y145del, Y144del, Y143del, G142D, 
T95I, V70del, H69del, A67V in the N-terminal domain of the 
spike, Y505H, N501Y, Q498R, G496S, Q493R, E484A, T478K, 
S477N, G446S, N440K, K417N, S375F, S373P, S371L, G339D in 
the receptor-binding domain of the spike, D796Y in the fusion 
peptide of the spike, L981F, N969K, Q954H in the heptad 
repeat 1 of the spike as well as multiple other mutations in the 
non-structural proteins and spike protein [19].
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SARS-CoV-2 Variants of Interest (VOIs)
VOIs are defined as variants with specific genetic markers 

that have been associated with changes that may cause enhanced 
transmissibility or virulence, reduction in neutralization by 
antibodies obtained through natural infection or vaccination, 
the ability to evade detection, or a decrease in the effectiveness 
of therapeutics or vaccination.So far since the beginning of the 
pandemic, WHO has described eight variants of interest (VOIs), 
namely Epsilon (B.1.427 and B.1.429);  Zeta (P.2);  Eta (B.1.525);  
Theta (P.3); Iota (B.1.526); Kappa(B.1.617.1); Lambda(C.37) 
and Mu (B.1.621).

•	 Epsilon (B.1.427 and B.1.429) variants, also called CAL.20C/
L452R, emerged in the US around June 2020 and increased 
from 0% to >50% of sequenced cases from September 1, 
2020, to January 29, 2021, exhibiting an 18.6-24% increase 
in transmissibility relative to wild-type circulating strains. 
These variants harbor specific mutations (B.1.427: L452R, 
D614G; B.1.429: S13I, W152C, L452R, D614G). Due to its 
increased transmissibility, the CDC classified this strain as 
a variant of concern in the US. [16]

•	 Zeta (P.2) has key spike mutations (L18F; T20N; P26S; 
F157L; E484K; D614G; S929I; and V1176F) and was first 
detected in Brazil in April 2020. This variant is classified 
as a VOI by the WHO and the CDC due to its potential 
reduction in neutralization by antibody treatments and 
vaccine sera.

•	 Eta (B.1.525) and Iota (B.1.526) variants harbor key spike 
mutations (B.1.525: A67V, Δ69/70, Δ144, E484K, D614G, 
Q677H, F888L; B.1.526: (L5F*), T95I, D253G, (S477N*), 
(E484K*), D614G, (A701V*)) and were first detected in 
New York in November 2020 and classified as a variant 
of interest by CDC and the WHO due to their potential 
reduction in neutralization by antibody treatments and 
vaccine sera.

•	 Theta (P.3) variant, also called GR/1092K.V1 carry key 
spike mutations (141-143 deletion E484K; N501Y; and 
P681H) and was first detected in the Philippines and 
Japan in February 2021 and is classified as a variant of 
interest by the WHO.

•	 Kappa (B.1.617.1) variant harbor key mutations ((T95I), 
G142D, E154K, L452R, E484Q, D614G, P681R, and 
Q1071H) and was first detected in India in December 2021 
and is classified as a variant of interest by the WHO and 
the CDC.

•	 Lambda (C.37) variant was first detected in Peru and 
has been designated as a VOI by the WHO in June 2021 
due to a heightened presence of this variant in the South 
American region.

•	 Mu (B.1.621) variant was identified in Columbia and was 
designated as a VOI by the WHO in August 2021.

The CDC has designated the Epsilon (B.1.427 and B.1.429) variants 
as a VOC and Eta(B.1.525); Iota (B.1.526); Kappa(B.1.617.1); 
Zeta (P.2); Mu(B.1.621,B.1.621.1) and B.1.617.3 as VOIs.

Transmission of SARS-CoV-2
The primary mode of transmission of SARS-CoV-2 is 

via exposure to respiratory droplets carrying the infectious 
virus from close contact or droplet transmission from 
presymptomatic, asymptomatic, or symptomatic individuals 
harboring the virus. Airborne transmission with aerosol-
generating procedures has also been implicated in the 
spread of COVID-19. However, data implicating airborne 
transmission of SARS-CoV-2 in the absence of aerosol-
generating procedures are emerging and being evaluated. 
However, this mode of transmission has not been universally 
acknowledged. Fomite transmission from contamination 
of inanimate surfaces with SARS-CoV-2 has been well 
characterized based on many studies reporting the viability 
of SARS-CoV-2 on various porous and nonporous surfaces.  
Under experimental conditions, SARS-CoV-2 was noted to 
be stable on stainless steel and plastic surfaces compared to 
copper and cardboard surfaces, with the viable virus being 
detected up to 72 hours after inoculating the surfaces with the 
virus  [20]. 

Viable virus was isolated for up to 28 days at 20 degrees 
C from nonporous surfaces such as glass, stainless steel. 
Conversely, recovery of SARS-CoV-2 on porous materials 
was reduced compared with nonporous surfaces. A study 
evaluating the duration of the viability of the virus on objects 
and surfaces showed that SARS-CoV-2 can be found on 
plastic and stainless steel for up to 2-3 days, cardboard for up 
to 1 day, copper for up to 4 hours. Moreover, it seems that 
contamination was higher in intensive care units (ICUs) than 
in general wards, and SARS-CoV-2 can be found on floors, 
computer mice, trash cans, and sickbed handrails as well as 
in the air up to 4 meters from patients implicating nosocomial 
transmission as well in addition to fomite transmission  [20]. 

The Centers for Disease Control and Prevention 
(CDC) recently released an update stating that individuals 
can be infected with SARS-CoV-2 via contact with surfaces 
contaminated by the virus, but the risk is low and is not the 
main route of transmission of this virus.

Epidemiology
According to the World Health Organization (WHO), the 

emergence of viral diseases represents a serious public health 
risk. In the past two decades, several epidemics caused by viruses 
such as the severe acute respiratory syndrome coronavirus 
(SARS-CoV) from 2002 to 2003, and H1N1 influenza in 2009, 
and the Middle East respiratory syndrome coronavirus (MERS-
CoV) in 2012 have been described which have had a significant 
impact on global health. Since being declared a global pandemic 
by the WHO, SARS-CoV-2, the virus responsible for COVID-19 
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has spread to 223 countries with more than 281 million cases, 
and more than 5.4 million deaths reported globally. A recent 
epidemiological update by WHO, reported that more than 200 
countries around the world have reported SARS-Co-V-2 variants 
of concern of which the newer VOC, Omicron has been reported 
by 76 countries so far since first being reported in November 2021.
The U.S. has experienced the highest number of SARS-CoV-2 
infections and COVID-19 related deaths followed by Brazil and 
India. In fact, COVID-19 was the third leading cause of death in 
the U.S. in 2020 after heart disease and cancer, with approximately 
375,000 death reported [21]. The WHO’s current estimate of the 
global case fatality rate for COVID-19 is 2.2%. However, the case 
fatality rate is affected by factors that include age, underlying 
preexisting conditions, and severity of illness and significantly 
varies between countries.

Age, Gender-based Differences and The Impact of 
Medical Comorbidities in COVID-19 

Individuals of all ages are at risk of contracting this 
infection and severe disease. However, patients aged ≥60 years 
and patients with underlying medical comorbidities (obesity, 
cardiovascular disease, chronic kidney disease, diabetes, chronic 
lung disease, smoking, cancer, solid organ or hematopoietic stem 
cell transplant patients) have an increased risk of developing 
severe COVID-19 infection. The percentage of COVID-19 
patients requiring hospitalization was six times higher in those 
with preexisting medical conditions than those without medical 
conditions (45.4% vs. 7.6%) based on an analysis by Stokes et al. 
of confirmed cases reported to the CDC during January 22 to May 
30, 2020. Notably, the study also reported that the percentage of 
patients who succumbed to this illness was 12 times higher in 
those with preexisting medical conditions than those without 
medical conditions (19.5% vs. 1.6%). Data regarding the gender-
based differences in COVID-19 suggests that male patients 
are at risk of developing severe illness and increased mortality 
due to COVID-19 compared to female patients. Results from a 
retrospective cohort study from March 1 to November 21, 2020, 
evaluating the mortality rate in 209 US acute care hospitals that 
included 42 604 patients with confirmed SARS-CoV-2 infection, 
reported a higher mortality rate in male patients (12.5%) compared 
to female patients (9.6%) [20].

Pathophysiology
The general description of viral structure and its genome of 

CoVs is essential for addressing the pathogenesis of SARS-CoV-2. 
As described earlier, CoVs are enveloped, positive-stranded 
RNA viruses with a nucleocapsid, and the genomic structure 
is organized in a +ssRNA of approximately 30 kb in length and 
with a 5′-cap structure and 3′-poly-A tail making it the largest 
among RNA viruses. Upon entry into the host, replication of the 
viral RNA is initiated with the synthesis of polyprotein 1a/1ab 
(pp1a/pp1ab). The transcription occurs through the replication-
transcription complex (RCT) organized in double-membrane 
vesicles and via the synthesis of subgenomic RNAs (sgRNAs) 

sequences. Conversely, transcription termination occurs at 
transcription regulatory sequences, located between the so-
called open reading frames (ORFs) that work as templates for the 
production of subgenomic mRNAs. In an atypical CoV genome, 
at least six ORFs can be present. Among these, a frameshift 
between ORF1a and ORF1b guides the production of both pp1a 
and pp1ab polypeptides that are processed by virally encoded 
chymotrypsin-like protease (3CLpro) or main protease (Mpro), 
as well as one or two papain-like proteases for producing 16 
with known or predicted RNA synthesis and modification 
functions non-structural proteins (NSPs 1-16). Besides ORF1a and 
ORF1b, other ORFs encode structural proteins, including spike, 
membrane, envelope, and nucleocapsid proteins and accessory 
proteic chains.[3]. Different CoVs possess unique structural 
and accessory proteins translated by dedicated sgRNAs. The 
pathogenesis of CoVs and SARS-CoV-2 is related to the function 
of the NSPs and structural proteins. For example, researchers 
have outlined the role of NSPs in blocking the host’s innate 
immune response. Among functions of structural proteins, the 
envelope has a crucial role in virus pathogenicity as it promotes 
viral assembly and release. Among the structural elements of 
CoVs, there are the spike glycoproteins composed of two subunits 
(S1 and S2). Homotrimers of S proteins compose the spikes on the 
viral surface, guiding the link to host receptors [22].

Pathogenesis of SARS-CoV-2
Structurally and phylogenetically, SARS-CoV-2 is 

similar to SARS-CoV and MERS-CoV and is composed of four 
main structural proteins: spike (S), envelope (E) glycoprotein, 
nucleocapsid (N), membrane (M) protein, along with 16 
nonstructural proteins, and 5-8 accessory proteins. The surface 
spike (S) glycoprotein, which resembles a crown, is located on 
the outer surface of the virion and undergoes cleavage into an 
amino (N)-terminal S1 subunit, which facilitates the incorporation 
of the virus into the host cell and a carboxyl (C)-terminal S2 
subunit containing a fusion peptide, a transmembrane domain, 
and cytoplasmic domain is responsible for virus-cell membrane 
fusion. The S1 subunit is further divided into a receptor-binding 
domain (RBD) and N-terminal domain (NTD), which facilitates 
viral entry into the host cell and serves as a potential target for 
neutralization in response to antisera or vaccines. The RBD is a 
fundamental peptide domain in the pathogenesis of infection as 
it represents a binding site for the human angiotensin-converting 
enzyme 2 (ACE2) receptors. Inhibition of the renin-angiotensin-
aldosterone system (RAAS), as previously hypothesized, does 
not increase the risk of hospitalization for COVID-19 and severe 
disease [22]. 

SARS-CoV-2 gains entry into the hosts’ cells by binding 
the SARS-CoV-2 spike or S protein (S1) to the ACE2 receptors 
abundantly on respiratory epithelium such as type II alveolar 
epithelial cells. Besides the respiratory epithelium, ACE2 receptors 
are also expressed by other organs such as the upper esophagus, 
enterocytes from the ileum, myocardial cells, proximal tubular 

https://www.statpearls.com/ArticleLibrary/viewarticle/52171#ref_33830988
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cells of the kidney, and urothelial cells of the bladder. The viral 
attachment process is followed by priming the spike protein S2 
subunit by the host transmembrane serine protease 2 (TMPRSS2) 
that facilitates cell entry and subsequent viral replication 
endocytosis with the assembly of virions [22].

In summary, the spike RBD allows the binding to the ACE2 
receptor in the lungs and other tissues. The spike protein of an 
amino acid site (polybasic site) allows the functional processing 
of the same by the human enzyme furin (protease). This process 
enables the exposure of the fusion sequences and, therefore, the 
fusion of the viral and cell membranes, a necessary passage for the 
virus to enter the cell.

Types of vaccines

Messenger RNA 
(mRNA) vaccines mRNA-based drugs are new but not 

unknown. In 1990, the direct injection of mRNA in mouse 
muscle cells proved the feasibility of mRNA vaccines. 
mRNA instability, high innate immunogenicity and delivery 
issues were the main obstacles. BNT162b2 and mRNA-1273 
vaccines against SARS-CoV-2 were the first authorized 
mRNA-based vaccines. They contain the mRNA of the 
antigen of interest which enters cells and is translated into 
the spike protein to induce an immune response. Against the 
historical strain, BNT162b2 and mRNA-1273 vaccines had 
an efficacy of >90% at 5e6 months’ follow-up post second 
dose, whereas CVnCoV had a lower efficacy of 48% [23,24].

Viral vector vaccines
Viral vectors are delivery systems containing nucleic 

acid encoding an antigen. AZD1222, Ad5-nCoV and Sputnik 
V had an efficacy of 65e91.6% against the historical strain. 
AZD1222 had an efficacy of 70.4 against Alpha. Ad26.
COV2.S had an efficacy of 69.4% in Brazil (mainly P2). 
AZD1222 and Ad26.COV2.S had efficacies of 10.4% and 
64.7%, respectively, against Beta in South Africa [23,25].

Inactivated and protein subunit vaccines
Inactivated vaccines are whole viruses that cannot 

infect cells and replicate. Subunit vaccines are made of 
fragments of proteins or polysaccharides. NVX-COV2373 
had an efficacy of 89-91.6% against the historical strain, 
86.3-93.2% against Alpha and 60% against Beta. CoronaVac, 
BBIBP-CorV, Wuhan inactivated vaccine, COVAX and 
Abdala had an efficacy of 50.6-92.3% but the SARS-CoV-2 
strains were not specified. Kovac, Barekatn QazVac, RBD-
Dimer, EpiVacCorona had no phase III trial data published 
at the time of this review. Real world studies [23,26].

Effectiveness against SARS-CoV-2 infection
After full immunization, effectiveness was 90-92% 

for AZD1222 and BNT162b2 against unspecified strains. 
For mRNA vaccines, effectiveness against infection was 

89.5-99.2% against Alpha, 75-96.4% against Beta, 42-84.4% 
against Delta and 80-98.2% against unspecified strains. 
AZD1222 had an effectiveness of 49-67% in the UK. mRNA 
vaccines and Ad26.COV2.S vaccines in the USA had an 
effectiveness of 47-80% against Delta . Among pregnant 
women, a single dose or two doses led to an effectiveness 
of 78% against the original strain and 96% against Alpha, 
respectively. These previous studies focused on 6 years in 
people, but a retrospective cohort of teenagers aged 12e15 
years in Israel also reported a high effectiveness of 91.5% 
against Delta infections [27].

Several studies have suggested that the levels of 
antibodies after BNT162b2, mRNA-1273 and Ad26.COV2.S 
vaccines could last for at least 6 months but decrease over time 
thereafter. For mRNA-1273, at 6 months neutralizing activity 
was maintained against Alpha, Gamma, Delta, Epsilon, 
whereas neutralizing activity was considerably decreased 
against Beta for half the participants. Observational studies 
stratified by time since vaccination identified a decreasing 
effectiveness at 4-6 months (42-57%) for mRNA vaccines 
and 47.3% for AZD1222 against Delta infection. In the 
USA, effectiveness of mRNA vaccines against symptomatic 
infection fell from 94.3% in June to 65.5% in July 2021. The 
effectiveness against hospitalization remained high (>85%) 
for mRNA-1273 (92%), BNT162b2 (77-93%) and AZD-1222 
(70.3%) at 4-6 months after full vaccination and 68% at >28 
days after full immunization for Ad26 COV2.S. It is difficult 
to know whether the reduction in effectiveness against Delta 
[28].

Extension of the dose interval
More generally, evidence on the extension of the 

interval between doses is scarce. Trials for AZD1222 showed 
that a longer delay was better, but for mRNA and other 
vaccines trials did not test different dose gaps. A preprint 
reported that extending the interval to 6 weeks for BNT162b2 
vaccine led to higher titers in neutralizing antibodies and 
a sustained T-cell response against the variants of concern. 
Another analysis found that a second dose at 12 weeks 
induced a stronger humoral response than at a 3- week 
interval among older people [27].

Vaccination of previously infected individuals
Several neutralization assays have suggested that a 

single dose of BNT16b or mRNA-1273 among previously 
infected subjects could boost the cross-neutralization 
response against emerging variants such as Alpha, Beta or 
Gamma. These studies have demonstrated the potential 
benefits of vaccinating both noninfected and previously 
infected people. Finally, several studies have suggested that 
a single dose of mRNA vaccine may be sufficient to boost the 
antibody response in previously infected subjects and that 
the benefit of the second dose may be small [25].
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A booster dose for specific populations
Immunogenicity studies amongst transplant patients 

and patients with cancer showed a poor antibody response 
after a single dose or two doses of Pfizer vaccine. Facing this 
issue, French, German, British and US health authorities 
have recommended a third dose for immunocompromised 
people and transplant recipients. A randomized trial in 
transplant recipients showed that a third dose of mRNA-
1273 was safe, and 26 out of 59 participants who had negative 
antibody responses prior to the booster developed antibody 
responses after the third dose. However, this study did not 
look at the cellular immune response. Another study found 
that an additional dose of mRNA-1273 induced a serological 
response among 50% of kidney transplant recipients who 
hadn’t responded after two doses. A case control study 
in preprint found an effectiveness against SARS-CoV-2 
infection 14e20 days after the third dose increased by 79% 
(versus the second dose). Another observational study in 
Israel found that a booster dose reduced the rate of confirmed 
infections and severe disease by a factor of 11.3 and 19.5, 
respectively, among elderly participants. Two studies also 
showed that Moderna boosters (at least 6 months after 
the second dose) and Pfizer booster (8-11 months after the 
second dose) induced a strong humoral response against 
Beta and other variants of concern. The expected local and 
systemic adverse events were mild and moderate and like 
those after the second dose [28].

Treatment & Management of Covid- 19
General care

Rest in bed, strengthen supportive treatment, adequate 
caloric intake, pay attention to water and electrolyte balance, 
and maintain internal environment stability. At the same 
time, close follow-up should be conducted to observe 
patients’ respiration, monitor blood oxygen saturation, and 
observe changes in body temperature. Attention should 
be paid to those patients who have changed from mild to 
severe or critical, especially the elderly, obese, patients with 
diabetes, hypertension, coronary heart disease, COPD, etc. 
According to the conditions, blood routine, urine routine,c-
reactiveprotein, biochemical indicators (liver enzyme, 
cardiac enzyme, renal function, etc.), and coagulation 
function should be monitored when necessary, as well 
as arterial blood gas analysis and chest imaging being 
performed if required [29].

Antivirals

The bottom line is to treat the cause of disease. For 
COVID-19, antiviral therapy isa top priority, in both mild 
and severe cases. Without treatment and intervention for its 
cause, other treatments are very passive [29].

Oseltamivir

Oseltamivir was a first-line antiviral drug, especially 
in primary hospitals. During the ongoing outbreak of 
coronavirus disease 2019 (COVID-19), most patients with 
COVID-19 who are symptomatic have used oseltamivir. 
Considering its popular and important role as an antiviral 
drug, it was necessary to evaluate oseltamivir in the 
treatment of COVID-19  [30].

Structure & IUPAC name

Ethyl(3R,4R,5S)-5-amino-4-acetamido-3-(pentan-3-yloxy)-
cyclohex-1-ene-1carboxylate

Dose

75g orally twice a day for 5 days.

Latest studies recommend against use of oseltamivir in 
COVID- 19 [30- 32].

Mechanism of Action

Oseltamivir is an ethyl ester prodrug requiring 
ester hydrolysis for conversion to active form oseltamivir 
carboxylate. Oseltamivir is a neuraminidase inhibitor 
serving as a competitive inhibitor towards sialic acidfound 
on the surface proteins of normal host cells. By blocking the 
activity of the viral neuraminidase (NA)enzyme, oseltamivir 
prevents new viral particles from being released by infected 
cells  [31].
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Synthesis

synthesis developed by Gilead Sciences starting from naturally occurring quinic acid or shikimic acid. The current industrial 
synthesis is summarized below [33, 34]:

Remdesivir

Remdesivir is the only drug that is approved by the Food and Drug Administration (FDA) for the treatment of 
COVID-19. Among non-hospitalized patients who were at high risk for Covid-19 progression, a 3-day course of remdesivir 
had an acceptable safety profile and resulted in an 87% lower risk of hospitalization or death than placebo [35].
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Structure & IUPAC name

2-ethylbutyl (2S)-2-[[[(2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)5-cyano-3,4-dihydroxyoxolan-2-yl]
methoxyphenoxyphosphoryl]amino]propanoate [36]

Dose
Indicated for treatment of COVID-19 in adults and pediatric patients aged ≥12 years who weigh ≥40 kg [37].

Inpatient treatment

Day 1 loading dose: 200 mg IV infused over 30-120 min, THEN

Day 2 and thereafter: 100 mg IV qDay

Outpatient treatment

1  200 mg IV on Day 1, then 100 mg IV on Days 2-3 (ie, 3 consecutive days).

Synthesis [38]
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Mechanism of Action

Prevent viral replication through various mechanisms, including blocking SARS-CoV-2 entry, inhibiting the activity 
of SARS-CoV-2 3 chymotrypsin-like protease (3CLpro) and RNA-dependent RNA polymerase (RdRp), and causing lethal 
viral mutagenesis. 

Convalescent Plasma

In hospitalized patients without impaired humoral immunity (AI), plasma from donors who have recovered from 
COVID-19 may contain antibodies to SARS-CoV-2 that could help suppress viral replication [29].
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Antibiotics

In order to avoid secondary bacterial infection after a viral one, antibiotics were used.

Azithromycin
Structure & IUPAC name

(2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)2-ethyl-3,4,10-trihydroxy3,5,6,8,10,12,14-heptamethyl-15-oxo- 11-{[3,4,6trideoxy-3-
(dimethylamino)-β-D-xylo-hexopyranosyl]oxy}-1-oxa-6azacyclopentadec-13-yl 2,6-dideoxy-3C-methyl-3-O-methyl-α-L-
ribohexopyranoside

Dose

The NIH COVID-19 Treatment Guidelines recommend against the use of azithromycin for the treatment of COVID-19 [38].

Synthesis

Azithromycin is a semi-synthetic 15-membered macrolide antibiotic, which is derived from erythromycin A by a sequence 
of oximation, Beckmann rearrangement, reduction, and N-methylation [39].

Mechanism of Action
It is a bacteriostatic agent that inhibits protein synthesis by binding reversibly to 50S ribosomal subunits of sensitive 
microorganisms  [40].
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Anti-parasites

Ivermectin
Structure & IUPAC name

Mixture of 22,23-dihydro derivatives of avermectins B1a and B1b [41].

22,23-dihydroavermectin B1a + 22,23-dihydroavermectin B1b

Dose
On 22 March 2021, the European Medicines Agency advises against use of ivermectin for the prevention or treatment of 
COVID-19 outside randomized clinical trials [42].

Synthesis
Selective, catalytic hydrogenation of the cis-22,23-double bond of the avermectins N1a and B1b. Catalyst used is Wilkinson’s 
catalyst chlorotris(triphenylphosphine)rhodium(I) {RhCl(PPh3)3] [43].
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Proposed Mechanism of Action 
Reports from in vitro studies suggest that ivermectin acts by inhibiting the host importin alpha/beta-1 nuclear transport 

proteins, which are part of a key intracellular transport process that viruses hijack to enhance infection by suppressing the 
host’s antiviral response. In addition, ivermectin docking may interfere with the attachment of the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) spike protein to the human cell membrane. Despite this in vitro activity, no clinical 
trials have reported a clinical benefit for ivermectin in patients with these viruses. Some studies of ivermectin have also 
reported potential anti-inflammatory properties [42].

Antithrombotic Therapy
COVID-19 has been associated with inflammation and a prothrombotic state, with increases in fibrin, fibrin degradation 

products, fibrinogen, and D-dimer levels.1,2 In some studies, elevations in these markers have been associated with worse 
clinical outcomes [44].
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Enoxaparin

Structure & IUPAC name

tetrasodium;(2R,3R,4S)-2-[(2R,3S,4R,5R,6S)-5-acetamido-6-[(1R,2R,3R,4R)-4-[(2R,3S,4R,5R,6R)-5-acetamido-6-[(4R,5R,6R)-
2-carboxylato-4,5-dihydroxy-6-[[(1R,3R,4R,5R)-3-hydroxy-4-(sulfonatoamino)-6,8-dioxabicyclo[3.2.1]octan-2-yl]oxy]
oxan-3-yl]oxy-2-(hydroxymethyl)-4-methyloxan-3-yl]oxy-6-carboxylato-2,3-dihydroxycyclohexyl]oxy-4-hydroxy-2-
(sulfooxymethyl)oxan-3-yl]oxy-3,4-dihydroxy-3,4-dihydro-2H-pyran-6-carboxylate [45].

Dose
40 IU every 24 hours subcutaneous [46].

Synthesis
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Intermediates 2,3 were prepared from corresponding Heparin sodium 1 by the complexation, separation, reduction [47].

Mechanism of Action
Enoxaparin binds to and potentiates antithrombin (a circulating anticoagulant) to form a complex that irreversibly inactivates 
clotting factor Xa [45].

Rivaroxaban
Structure & IUPAC name

(S)-5-chloro-N-{[2-oxo-3-[4-(3-oxomorpholin-4-yl)phenyl]oxazolidin-5-yl]methyl} thiophene-2-carboxamide

Dose

10 mg q12 hours 

Synthesis
5- chloro-thiophene-2-chloride by condensation, bromide, with 4- (4-amino-phenyl) -3-morpholinone cyclization reaction 
[48,49].
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Mechanism of Action
Rivaroxaban inhibits both free and bound Factor Xa in the prothrombinase complex. [50]

Analgesics & Antipyretics

Acetaminophen (paracetamol)
Structure & IUPAC name

N-(4-hydroxyphenyl)acetamide

Dose
1000 mg PO q6-8hr PRN; not to exceed 3000 mg/day

Synthesis [51]

Mechanism of Action
Paracetamol inhibits prostaglandin synthesis. Its definite mechanism is still unknown but it may act centrally through 

inhibiting COX-3 enzyme [51]. By the end of this literature review, we would like to emphasize that we continue in our 
current project to provide an updated reviews on diseases and drugs chemistry that help the humanity all over the world 
[52-79].

Conclusion
COVID-19 is considered an acute and chronic pandemic disease caused by coronavirus2.  In this literature review, we shed 
the light on the etiology, epidemiology of this disease, methods of transmission, pathogenesis, and its pathophysiology. 
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Also, we detailed on treatment strategy including both 
vaccines and drugs.
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