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A B S T R A C T   

Almost 80% of people confronting COVID-19 recover from COVID-19 disease without any particular treatments. 
They experience heterogeneous symptoms; a wide range of respiratory symptoms, cough, dyspnea, fever, and 
viral pneumonia. However, some others need urgent intervention and special treatment to get rid of this 
widespread disease. So far, there isn’t any unique drug for the potential treatment of COVID 19. However, some 
available therapeutic drugs used for other diseases seem beneficial for the COVID-19 treatment. On the other 
hand, there is a robust global concern for developing an efficient COVID-19 vaccine to control the COVID-19 
pandemic sustainably. According to the WHO report, since 8 October 2021, 320 vaccines have been in prog-
ress. 194 vaccines are in the pre-clinical development stage that 126 of them are in clinical progression. Here, in 
this paper, we have comprehensively reviewed the most recent and updated information about coronavirus and 
its mutations, all the potential therapeutic approaches for treating COVID-19, developed diagnostic systems for 
COVID- 19 and the available COVID-19 vaccines and their mechanism of action.   

1. Introduction 

A novel coronavirus called SARS-CoV-2 is the reason for today’s 
pandemic of COVID-19 pneumonia. Coronaviruses are classified into four 
genera (α, β, γ, and δ), and they can be diagnosed in an extensive range 
of animal species, such as humans [1,2]. Coronaviruses are small 
single-strand RNA viruses encapsulated with spike-like projections on 
their surface. Their outer excrescence resembles a crown when seen 
under the electron microscope [3]. Human coronaviruses HKU1, 229E, 
NL63, and OC43 are four different coronaviruses that cause moderate 
respiratory illness [4] SARS-CoV, MERS-CoV, and SARS-CoV-2 can give 
rise to severe disease [5]. The intense scourge of coronavirus-caused 
respiratory disorder began in December 2019 in Wuhan [6,7]. 11 
January 2020 was when the first deadly case was reported [4]. At 4 

October 2021 (12:14 GMT), the worldwide spread accounted for 235, 
810,070 confirmed coronavirus cases, 4,817,796 deaths (2.21%), 212, 
693,277 recovered cases (97.79%) and 18,298,997 active cases in the 
world [7–9]. This disease is now affecting all countries around the world 
[10]. 

In the beginning, the Coronavirus appeared to be mainly a respira-
tory disease. Patients infected with Coronavirus manifested various 
symptoms like chills, fever, fatigue, weakness, coughing, etc. Surpris-
ingly, some patients were asymptomatic. The severe cases displayed 
hypoxia with ARDS(acute respiratory distress syndrome) or pneumonia 
and required mechanical ventilation and intensive care. Since April, 
doctors have diagnosed and added many other symptoms like fever, sore 
throat, muscle aches and chills, and gastrointestinal problems, like 
nausea and diarrhea, to the CDC’s primary symptoms of COVID-19. 

Abbreviations: RNA, Ribonucleic Acid; GMT, Greenwich Mean Time; CDC, Centers for Disease Control; ARDS, Acute Respiratory Distress Syndrome; NHC, National 
Health Commission; eCoVs, endemic CoronaViruses; NAATs, Nucleic Acid Amplification Tests; NGS, Next-Generation Sequencing; EM, Electron Microscopy; RT-PCR, 
Reverse-Transcription Polymerase Chain Reaction; CT, Computed Tomography; HTGS, High-Throughput Gene Sequencing; RDT, Rapid Diagnostic Test; PCR, Po-
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Moreover, one of the significant symptoms of infection may be a sudden, 
intense decrease in one’s sense of smell and taste. Young adults and 
teenagers, in some cases, have shown painful purple and red lesions on 
their fingers and toes — named "COVID toe" — in addition to few other 
critical symptoms [11]. 

WHO declared that most patients with developing symptoms(about 
80%) recover from the infection and do not need hospital therapy, 15% 
get very ill, requiring oxygen, and 5% become seriously sick, necessi-
tating intensive care. Symptoms like Acute respiratory distress syn-
drome (ARDS), thromboembolism, and multi-organ failure, including 
injury to the liver, heart, or kidneys, are usually displayed in severe 
patients and can result in death. Children can develop severe inflam-
matory syndrome a few weeks following infection in some uncommon 
circumstances [12]. Age above three years old, and underlying diseases, 
like hypertension, diabetes mellitus, respiratory and cardiovascular 
disease, are positively related to a severe illness or death from COVID-19 
[10]. China’s National Health Commission (NHC) primarily estimates 
that patients over 60 with underlying medical conditions and health 
issues like cardiovascular disease and diabetes make up almost 80% of 
death cases by COVID-19 [13]. Because the endemic coronaviruses 
(eCoVs) and SARS-CoV-2 have an analogy in their sequence, they have 
similar antigens. They may reply to the same immune response, but that 
doesn’t confirm the idea of immunologic memory made by the former 
infection with eCoV, for SARS-CoV-2 [14]. There have been many 
studies on the clinical features, pathology, virology, and radiology of 
COVID-19, but there have been few comprehensive reviews. The pur-
pose of this review is to focus on the clinical features, pathogenesis, 
diagnosis, and treatment of COVID19, as well as various aspects of 
currently available vaccines. 

1.1. Coronavirus variants and mutations 

Each Coronavirus has almost 30,000 RNA letters. The virus uses this 
genetic information to infect cells and constrain them to make new vi-
ruses (Fig. 1). 

Mutations occur when the Coronavirus amplifies in the host cell. If 
the arisen mutation doesn’t cause excessive differences, lineages are 
formed. A new strain is constructed if diverse mutations occur in a 
lineage and materially change the viral epidemiology. COVID-19 is 
caused by the new Coronavirus, which belongs to the SARS-CoV-2 
strain. Scientists are concerned about various SARS-CoV-2 variants 
produced throughout the outbreak because they can prolong the 
pandemic or reduce the vaccine’s effectiveness [1]. In Table 1, the 
SARS-CoV-2 different variants and mutations are summarized. 

Many different variants of this novel virus have occurred, but sci-
entists are more concerned about four more dangerous and five desig-
nated variants of interest. Table 2 presents these four variants, and  
Table 3 shows four currently designated concerns of interest. In the 
following section, variants that will introduce in Table 2 and Table 3 will 
be reviewed. 

1.1.1. A deadlier form of COVID: UK 

1.1.1.1. Name: 20I/501Y.V1, VOC 202012/01, B.1.1.7 
1.1.1.1.1. Notable mutation: N501Y. This variant was first discov-

ered in the United Kingdom, and it was named Variant of Concern 
202012/01. 20I/501Y.V1, or simply B.1.1.7. according to the new name 
system based on greek letters established by the World Health Organi-
zation (WHO) on 1 June 2021, it was named B.1.1.7 Alpha [16]. People 
infected with B.1.1.7 are at more risk of death than other circulating 
variants, regardless of their sex, age, and pre-existing health problems. 
That’s why this particular variant is significant [17]. British prime 
minister Boris Johnson announced that the B.1.1.7 variant is 30% more 
fatal than the covid19 original virus [18]. The predominant coronavirus 
variant in the United Kingdom is B.1.1.7, and it’s rapidly expanding 
throughout Europe. According to the experts, this virus variation might 
cause a more lethal pandemic than earlier strains without vaccines and Fig. 1. Diagram of the Coronavirus genome.  

Table 1 
SARS-CoV-2 variants and mutations [1].  

Date Variants 

April 20 As a variant of interest, B.1.617, a "double mutant" now common in 
India, was added. 

5 March In a sample from Portland, Oregon, scientists discovered the E484K 
mutation. 

23 
February 

The B.1.526 variant, which is spreading in New York City, has been 
added. 

23 
February 

According to studies, the California-discovered variation is more 
contagious. 

17 
February 

The P.1 variety has been confirmed in Maryland for the first time. 

16 
February 

The B.1.351 variation has been confirmed in Massachusetts for the 
first time. 

15 
February 

The Q677 spike mutation, discovered in multiple lineages in the 
United States, has been added. 

15 
February 

In a Connecticut resident hospitalized in New York City, B.1.351 
variant has been confirmed. 

13 
February 

According to studies, B.1.1.7 is more dangerous than other circulating 
forms. 

11 
February 

The B.1.351 variation has been confirmed in Illinois and North 
Carolina for the first time. 

7 February South Africa has abandoned the use of AstraZeneca’s B.1.351 vaccine. 
7 February In the United States, the B.1.1.7 variant doubles every ten days.  

Table 2 
Variants of concern.  

Variant 
name 

Lineage Status 

Alpha B.1.1.7 It first appeared in the United Kingdom in December, 
and it is estimated to be 50% more contagious. Now it is 
the dominant variant in the US. 

Beta B.1.351 In December, it appeared in South Africa.Some vaccines’ 
effectiveness is reduced. 

Gamma P.1 In late 2020, it appeared in Brazil.These variants’ 
mutations are comparable to those found in B.1.351. 

Delta B.1.617.2 It is very prevalent in India,Among all other variants, 
only this variant carries the L452R spike mutation.  

Table 3 
Variants of interest [15].  

Variant 
name 

Lineage Status 

Eta B.1.525 In December 2020, it appeared in multiple countries. 
Iota B.1.526 It appeared in November 2020, and it covers two notable 

mutations (E484K, S477N). 
Lambda C.37 It appeared in August 2020. Alias of B.1.1.1.37, lineage in 

Peru, Chile, USA, and Germany 
Mu B.1.621 It appeared in January 2021. Lineage predominantly in 

Colombia with several spike mutations  
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other control measures [17]. The virus is spreading rapidly across the 
country. The epidemiological data indicate 50% more transmission than 
the initial form of the virus. The United Kingdom’s worldwide travel 
prohibitions and lockdown procedures have been strengthened. The 
B.1.1.7 variant has 17 mutations; many have occurred in the spike 
protein and made the virus more infectious [19]. It should be noticed 
that B.1.1.7 has been diffused in over 90 countries now [16]. N501Y, 
P681H, H69–V70, and Y144/145 deletions are the four mutations of 
the spike protein shown in Fig. 2. 

1.1.2. South Africa 

1.1.2.1. Names: 20H/501Y.V2, B.1.351 
1.1.2.1.1. Notable mutations: E484K, N501Y, K417N. In December, 

a variant of the Coronavirus B.1.351 lineage known as 20H/501Y.V2 
was discovered in South Africa. It was named Beta by the World Health 
Organization. Scientists are more worried about another mutation 
named E484K that emerged in the South Africa version. The genetic 
change may help the virus evade the vaccines and the immune system 
[19]. 

This mutation has troubled scientists because People who have sur-
vived other variations cannot fight B.1.351. In other words, their anti-
bodies aren’t strong enough to capture the viruses [16]. 

Researches indicate that the Oxford-AstraZeneca COVID-19 vaccine 
provides "minimal" protection for this variant. After receiving the 
Oxford-AstraZeneca vaccine, patients infected with the B.1.351 coro-
navirus experienced mild or moderate illness. Though it is not proven 
that the B.1.351 variant can cause more intense sickness, it might cause 
people who survived the original variant of Coronavirus one more 
period of moderate or mild COVID-19 [20]. 

There are three mutations in the spike protein located at the top 
point, including N501Y, K417N, and E484K, shown in Fig. 3. 

1.1.3. Brazil 

1.1.3.1. Name: B.1.1.28, VOC202101/02, 20J/501Y.V3, P.1 
1.1.3.1.1. Notable mutation: E484K, K417N/T, N501Y. The P.1 

lineage, an offshoot of the broader B.1.1.28 lineage, has a variety known 
as 20J/501Y.V3. 20J/501Y.V3 variant was primarily reported in 4 cases 
in japan. They had confronted p.1 when visiting Brazil. The Gamma 
lineage first arose in Manaus, Brazil. It soon became the most common 
variety in that city and other South American cities [16]. 

This variant has three alterations in the gene coding spike protein, 
including N501Y, K417T, and E484K, shown in Fig. 4. 

1.1.4. India 

1.1.4.1. Name: B.1.617, double mutation 
1.1.4.1.1. Notable mutation: E484Q, L452R. B.1.617 is a new variant 

with two eminent mutations (named "double mutations”): E484Q and 
L452R, which is displayed in Fig. 5., that is responsible for a mortal wave 
of Coronavirus in India. India is the second country in the world with the 
newest/death cases. The B.1.617 lineage has been divided into two 
separated lineages: B.1.617.1 or Kappa, and B.1.617.2 or Delta. It has 
emerged as a virus that is rapidly spreading, exceeding other strains of 
concern. 

The B.1.617 variety primarily emerged in October in Maharashtra/ 
India, and now it’s the most frequent variant there. This variant was also 
detected in the United Kingdom, the United States, and most recently in 
Israel [21]. 

1.1.5. Eta variant, which founded in multiple countries 

1.1.5.1. Name: B.1.525, Eta 
1.1.5.1.1. Notable mutation: E484K, Q677H. In New York, the 

B.1.525 lineage, also known as Eta, was separated. This variant has the 
same previous mutations as the B.1.1.7 lineage or Alpha, such as E484K 
and the H69-V70 deletion. It is also affected by the Q677H mutation 
(Fig. 6). This variant was discovered for the first time in December 2020 
[22]. 

1.1.6. United States of America 

1.1.6.1. Name: B.1.526 or Iota 
1.1.6.1.1. Notable mutation: E484K, S477N. The Iota, or B.1.526, 

has been rapidly spreading in New York City. This type comes in two 
varieties. The first is the E484K mutation, which can assist the virus in 
evading antibodies. The other is the S477N mutation (Fig. 7), allowing 
this variant to bind very tightly to human cells. This variant first 
appeared in November 2020, and by mid-February 2021, it accounted 
for approximately 27% of New York City [22]. 

1.1.7. Peru 

1.1.7.1. Name: C.37, Lambda 
1.1.7.1.1. Notable mutation: G75V, T76I, Δ246-252, L452Q, F490S, 

D614G, T859N. The Lambda variant of SARS-CoV-2, known as C.37, 
was first detected in Peru in August 2020. This variant has spread to at 
least 30 countries worldwide, and it is well-known to be more resistant 

Fig. 2. Mutations in the B.1.1.7 lineage.  

M. Pouresmaieli et al.                                                                                                                                                                                                                          



Biomedicine & Pharmacotherapy 144 (2021) 112353

4

Fig. 3. Mutations in the B.1.351 lineage.  

Fig. 4. Mutations in the P.1 lineage.  

Fig. 5. Mutations in the B.1.617 lineage.  
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to neutralizing antibodies than other variants. Also, the Lambda variant 
could be more infectious to vaccines than the Alpha and Gamma vari-
ants. The Lambda spike protein code includes G75V, T76I, Δ246–252, 
L452Q, F490S, D614G, and T859N [23] (Fig. 8). 

1.1.8. Colombia 

1.1.8.1. Name: B.1.621, VUI-21JUL-1, Mu 
1.1.8.1.1. Notable mutation: T95I, Y144S, Y145N, R346K, E484K, 

N501Y, D614G, P681H, D950N. B.1.621, also known as VUI-21JUL-1 or 
Mu, is one of the most dangerous variants introduced to date. This 
variant was discovered for the first time in Colombia in January 2021. 

WHO identified Mu as one of the variants of interest. This variant 
contains a total of 21 mutations, nine of which are amino. T95I, Y144S, 
Y145N, R346K, E484K or the escape mutation, N501Y, D614G, P681H, 
and D950N the nine amino acid mutations that code (Fig. 9). Many re-
sources stated that the Mu variant has mutations that indicate a risk of 
resistance to current vaccines and that more research was needed to 
understand it better. Mu was regarded as a variant of interest but not yet 
a variant of concern [23]. 

1.2. Established protocols to control COVID-19 

The main objectives for all nations are to restrain and manage 
COVID-19 by diminishing the infection s contagion rate and foreseeing 
the associated ailments and mortality. The response to covid19 should 
differ based on the local environment and the spreading of the disease. 
Above all, national protocols for fighting against covid and breaking the 
person-to-person transmission chain should be done by providing clin-
ical care for all patients, monitoring, isolating, and segregating new 
cases. Social methodologies like school systems, governments, and 
communities can help achieve these goals [30,31]. Widespread misin-
formation and misconceptions concerning COVID-19 prevalence have 
created difficulties in communicating open wellbeing proposals [32]. 
The virus is transmitted between people close to each other through nose 
and mouth droplets and aerosols. The transmission of infection particles 
is particularly risky under a roof with inadequate ventilation [33]. Since 
the infection spreads through respiratory beads? And close contact thus, 
it is essential to avoid doing some activities. Although the virus can 
survive briefly on a few surfaces, it is impossible to spread through 
residential or universal mailing items or packages. This might come to 
mind that you can be infected with covid19 by touching your mouth or 
nose after contacting contaminated objects or surfaces, but this is not the 

Fig. 6. Mutations in the B.1.525 lineage.  

Fig. 7. Mutations in the B.1.526 lineage.  
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major way for the virus to spread [34]. 
Evidence indicates that staying at home is as effective as social 

distancing and using a face mask to decrease infection transmissions. For 
masks to be effective, they must be used consistently and correctly [35]. 
According to the WHO statistics, nearly 80% of COVID-19 cases shall 
care for themselves at home [36]. Thus, a few recommendations for 
therapy and avoidance of SARS-Cov-2 are given in this part, such as 
stress reduction and self-care [1]. Two-year-old and older children 
should wear a mask. It is essential to be noticed that other preventive 
measures such as washing your hands habitually and remaining at least 
6 feet away from others must be remembered [34]. Masks, as a fraction 

of the comprehensive methodology of measures, are necessary to block 
out covid19 transmission. Using a mask alone isn’t enough to ensure 
your safety against covid19. If you are in an area that COVID-19 cases 
are increased, take care of your health by paying attention to these 
points: social distancing, wearing a mask, providing good ventilation in 
buildings, avoiding crowds, washing your hands repeatedly, and 
covering your mouth when coughing or sneezing [37]. 

There is a considerable argument among professionals about the best 
choice between masks, for example, the KN95, N95, surgical masks, and 
cloth masks. Surgical masks provide the wearer with only a little pro-
tection from breathing in airborne particles, and the viruses might leak 

Fig. 8. Mutations in the C.37 lineage.  

Fig. 9. Mutations in the B.1.621 lineage.  
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out from the edge of the mask when the sick user breathes out. N95 
masks have minor leakage and filter up to 95% of the air particles when 
inhaling, but the ones with exhalation valves allow respiratory droplets 
containing viruses to escape. The last option would be cloth masks. Cloth 
masks have never been tested or regulated, and each type of cloth has a 
different level of filtration, but they are acceptable for general public 
use. However, even if KN95s do not satisfy US productivity standards, 
they may still provide better protection against COVID-19 than a sur-
gical or cotton mask. However, it is fundamentally vital to note that 
none of the masks are effective unless worn appropriately [38]. Another 
undeniable matter is how children should use a mask. Healthy children 
can wear a non-medical or cloth mask to control the spreading of the 
virus if they are infected and protect themselves. The cloth mask should 
be appropriate and cover the nose to the chin of the child. Both children 
and adults with underlying health problems such as immunodeficiency, 
cystic fibrosis, or cancer are proposed to wear a medical mask to 
simultaneously control the spreading of the infection and take care of 
their health [37]. In Table 4, a brief comprehension of how to choose the 
best mask based on people’s needs is illustrated [39]. 

Drawing attention to the importance of wearing masks, here we have 
summarized the essentials of wearing a mask:  

1. wash your hands repeatedly, especially whenever you touch your 
mask, before and after you wear it, and when you want to take it off.  

2. check out if the mask is covering your face from nose to chin 
thoroughly.  

3. if you are using a medical mask, dispose of it in a trash bin. But if you 
use a fabric mask, put it in a clean plastic bag to keep it clean 
whenever taking it off. You can even wash it every day.  

4. pay attention that n95 masks with valves are dangerous for other 
people because the viruses can easily escape. So please don’t use 
them [37]. 

Using disposable gloves is recommended to prevent infection 
dispersion but not obligated because just washing your hands is enough 
[40]. COVID-19 is a respiratory illness, and it spreads mainly between 
people nearby each other through the respiratory particles or droplets 
containing the virus that are inhaled or come into direct contact with the 

mouth, nose, or eyes. In addition, Coronaviruses cannot increase in 
food– they require a living creature for multiplying. The best sanitizer 
recommended for infectivity of encapsulated viruses like COVID-19 on 
surfaces or hands is alcohol-based disinfectants. Ethanol or propanol can 
be used in concentrations of 70–80% and a minimum of 1-minute 
presence for best decontamination. Another chemical for surface disin-
fection is sodium hypochlorite [41]. Several individual and social re-
sponsibilities are needed to be done to overcome this global crisis. Some 
of them are listed below In Table 5. 

2. Methods for virus detection 

Methods applied for detecting the identified deadly human corona-
viruses (MERS-CoV, SARS-CoV-1, and SARS-CoV-2) are summarized in  
Fig. 10. 

Many techniques were developed for virus detection that varies ac-
cording to the virus type and its individual particle’s properties. In our 
previous studies, we have discussed diverse methods of detecting 
COVID-19, summarized in Table 6. 

In recent years, health centers and clinics have used reaction (RT- 
PCR) assay for COVID-19 detection. Though RT-PCR is the Gold stan-
dard for covid19 detection [37], the false-negative rate [38] and its 
unavailability in the initial stages of the covid19 disease have prevented 
fast recognition of infected patients. it is good to note that thin-slice 
chest CT is an essential method in detecting the covid19 virus [39]. 

Lately, gene sequencing has been used to detect Coronavirus sepa-
rated from COVID-19 cases in different countries. HTGS (High- 
throughput gene sequencing) is an excellent sequencing technology that 
provides the critical elements on complete pathogenic sequences. HTGS 
has aided virus discovery by making it faster and applicable for wide- 
ranging detection. Besides that, by connecting detection methods with 
sequence analysis, HTGS offers opportunities to upgrade public health 
disease supports and monitoring diseases [40]. 

Furthermore, the Loop-mediated isothermal amplification (LAMP) 
approach that we previously discussed [2] works on the Watson-Crick 
base pairing origin of nucleic acid amplification. The primers were 
used to mark the amplified RNA and DNA strands, then examined by gel 
electrophoresis. The LAMP assay was used to detect SARS by choosing 

Table 4 
How to choose the best mask [24].  
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the ORF1b region of SARS-CoV. The ORF1b area was then amplified. 
Afterward, it was labeled with primer and finally identified by gel 
electrophoresis [41]. In a study by Mohammed et al., the leucocrystal 

violet dye was used to detect the COVID-19 viral sequence, Claustral X, 
amplified with LAMP primers [40]. 

Another option is Rapid tests. Rapid antigen tests or RDT (rapid 
diagnostic test) identify viral antigens in throat or nose samples obtained 
with a swab. But it has its pros and cons: they are not as definite as PCR 
tests, but they are cheap and provide fast results [42]. 

2.1. Diagnosis of coronavirus infections using nanotechnology 

COVID-19 infections can be reduced in their spread and morbidity by 
using a covert and precise detection technique. As previously stated, 
there are numerous techniques available, but most of them have limi-
tations such as low sensitivity, high costs, time-consuming procedures, 
and late detection [43]. The recent standard technique for COVID-19 
detection, RT-PCR, is a time-consuming procedure requiring expert 
users and complex equipment. Novel detection assays based on nano-
technology are getting popular. Because of the ease of functionalization, 
high surface area, and special optical properties of NPs, they have found 
use as sensitive, rapid, and cost-effective diagnostic systems [44,45]. 
NPs have been used extensively in the design of various nanobiosensors 
to detect infectious diseases over the last few decades [45]. 

2.1.1. COVID-19 detection biosensors based on nanotechnology 
A biosensor is a device used to detect analytes in liquids, body fluids, 

and solutions when combined with a biorecognition element and a 
physical transducer. When an analyte interacts with a biological 
element, a signal is produced that the physical transducer converts into a 
measurable and quantifiable entity. The biorecognition element in-
cludes nucleic acids such as DNA or RNA, proteins such as antibodies or 
enzymes, biological and organic receptors, tissues, and whole cells [46, 
47]. 

2.1.1.1. Nucleic acid-based biosensors. A plasmonic biosensor for the 
sensitive detection of SARS-CoV-2 nucleic acid has been developed. The 
device consists of a two-dimensional gold nano-island integrated chip 
with a cDNA receptor for RdRp, ORF1ab, or the E gene. This biosensor’s 
performance in clinical samples has yet to be determined [48]. 

Another assay combined LAMP amplification, multiplex analysis, 
and reverse transcription with a nanoparticle-based lateral flow immu-
noassay biosensor in an integrated approach (COVID-19 RT-LAMP-LFB). 
This platform’s LOD was found to be 12 copies per reaction, with no 
cross-reactivity. Two LAMP primer sets, an ORF1 antibody, and the 
SARS-CoV-2N gene were amplified simultaneously and detected with 
streptavidin-coated polymer nanoparticles [49]. 

2.1.1.2. Aptamer-based biosensors. Aptamers have recently gained 
popularity in virus detection. These are made up of ssRNA or ssDNA that 
binds conformationally to multiple targets and detects them with high 
sensitivity and specificity. Aptamer-based sensors can distinguish be-
tween infected and uninfected host cells by modifying the designed as-
says. Aptamer-based detection has several advantages over antibodies, 

Table 5 
The most remarkable responsibilities and tasks.  

Individual duties Social duties Food safety  

• Wearing 
appropriate face 
mask  

• washing hands 
repeatedly  

• social distancing/ 
Keep away at least 
1 m from others.  

• Cleaning the home 
[25]  

• spending less time 
with others  

• using private 
eating utensils like 
spoon and glass  

• separating your 
bedding from 
others [26].  

• Use separate toilet 
from sick persons  

• Use sanitizer 
regularly  

• advise people who 
do not have a mask 
to use one  

• Decrease crowding, limit 
social activities like going 
to a restaurant with friends 
or gathering for dining 
events.do not gather in 
places of worship or any 
other building with 
improper ventilation  

• wear a mask, keep your 
social distancing 
everywhere, especially in 
the public vehicles  

• in funerals, keep your 
social distancing, permit 
people to see the body but 
forbid touching or kissing 
the body [27,28].  

• postpone or cancel your 
open and private 
gatherings, or at least hold 
your meeting outdoors. 
Keep your shopping time 
short or make a list and 
order your needs online.  

• childcare administration 
and schools have to 
continue their activity 
with a commitment to 
covid19 safety protocols. 
It’s crucial to remember 
that the children’s health 
and safety are of 
paramount importance.  

• keeping in touch by phone 
or video calls is safer than 
visiting personally [26].  

• To avoid any crowds, 
especially in the 
workplace, unnecessary 
employees, visitors in 
hospitals and clinics 
should be limited.  

• Use contactless payment 
methods like credit cards 
or online payment instead 
of cash/banknotes.  

• Foods better be cooked 
entirely to at slightest 
70 ◦C. using clean 
serving utensils is 
essential too  

• customers should pay 
attention to social 
distancing while 
ordering or eating their 
food [26].  

• Minimize hand contact 
with food by obligating 
the staff to use face 
masks and disposable 
gloves, changing them 
habitually, and 
washing their hands 
before and after 
changing.  

• After accepting food/ 
grocery deliveries, 
wash your hands with 
water and soap.  

• a food laborer who has 
any sign of flue or 
COVID-19 must not be 
permitted to work  

• until one’s free of 
symptoms and 
considered healthy and 
fit to work by a 
physician.  

• hand sanitizers should 
be accessible for 
customers at the 
entrance and exits of 
every shop, restaurant.  

• Ready-to-eat salads or 
Self-service dining 
should be placed 
behind Plexiglass 
display cabinets, and 
serving utensils should 
be cleaned regularly.  

Fig. 10. Different methods for coronavirus diagnosis.  

Table 6 
Summery of COVID-19 detection methods.  

Corona virus detection methods: 
Immunofluorescence Methods [1] 
Nucleic Acid Amplification Tests (NAATs) [29] 
Isothermal Amplification [30–32] 
Next-Generation Sequencing (NGS) [33] 
Electron Microscopy (E.M.) [34] 
Cell Culture [35] 
Nanoelectromechanical Devices [36] 
Nanotechnology-based methods 
Artificial intelligence 
CRISPR/Cas based methods 
a real-time reverse-transcription polymerase chain reaction (RT-PCR) assay 
thin-slice chest CT [2]  
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including ease of synthesis via a systematic evolution of ligands by 
exponential enrichment (SELEX) method, high stability at a wide range 
of temperatures and situations, and easy modification to meet the needs 
of the assay [50]. 

An aptamer-based approach was used in one study to detect SARS- 
CoV N-protein in blood serum. The SELEX method was used to screen 
RNA aptamers 1 and 2, which bind specifically to the C-terminal region 
of the SARS-CoV N-protein. Aptamer 1 has a higher binding affinity than 
aptamer 2 (KD 1.65 nM for aptamer 1 vs. KD 2.1 μM for aptamer 2), and 
it also binds more strongly than an antibody. An ELISA was designed to 
detect N-protein using a streptavidin-coated plate for aptamer immo-
bilization. This method’s LOD is comparable to that of ELISA, which uses 
both polyclonal and monoclonal antibodies. Furthermore, an antibody 
was used to design a nanoarray chip, and the fluorescently labeled 
secondary antibody was shown to be 10 times more sensitive than the 
chemiluminescence assay [51,52]. 

A novel RBD aptamer (anti-RBD-SARS-CoV-2) was recently screened 
using a SELEX and ACE-2 competition-based selection strategy. A ma-
chine learning screening algorithm was also used in this development. 
Flow cytometry was used to assess the enrichment of interacted 
aptamers with SARS-CoV-2-RBD using histidine-tagged RBD-modified 
nickel beads. Finally, two aptamers with a high affinity for binding were 
chosen, with KD values of 19.9 nM and 5.8 nM, respectively [53]. 

2.1.1.3. Antibody-based biosensors. A novel antibody-based biosensor 
was reportedly used to detect COVID-19 spike protein. COVID-19 anti-
body was coated on graphene sheets of a field-effect transistor (FET) 
using clinical patients’ nasopharyngeal swab samples as antigens. The 
LOD of the developed biosensor was determined to be 100 and 1 fg/mL 
in a universal transport medium and phosphate-buffered saline, 
respectively. This sensor detected the virus in the culture medium as 
well. With a detection limit of 2.42 102 copies/mL, the COVID-19 FET 
sensor can distinguish between infected and healthy individuals [54]. 

IgG and IgM antibodies were observed utilizing an ELISA kit devel-
oped and tested on patients based on recombinant N- and S-protein. 
Among 214 patients, N-protein-based IgM and IgG ELISAs were used to 
detect 146 (68.2%) and 150 (70.1%), respectively, while spike protein- 
based ELISAs were used to identify 165 (77.1%) and 159 (74.3%). The 
positive rate for both kits was 82.2% for S-protein and 80.4% for N- 
protein, respectively [55]. 

2.1.2. Diagnosis of coronavirus infections using microfluidic devices 
Microfluidic devices are another approach for use as a proof-of- 

concept test. These are palm-sized chips with micrometer-sized chan-
nels and reaction chambers imprinted on them. They have advantages 
such as miniaturized size, a short detection time, and a small sample 
volume requirement. The basic idea behind these microfluidic chips is 
that they use capillary action and electrokinetic properties to mix and 
separate liquid samples [56]. 

When tested on 96 patients in Rwanda, the platform demonstrated 
specificity and sensitivity of 87% and 100%, respectively. Different 
antibodies against three sexually transmitted infections can be detected 
using microfluidic devices and a smartphone application attachment. 
These devices can be modified to detect SARS-CoV-2 RNA or proteins 
due to their simplicity and dependability [57]. 

2.1.3. Diagnosis of coronavirus infections using colorimetric assay 
Colorimetric analytical systems using silver nanoparticles as colori-

metric substrates have been developed to detect MERS-CoV nucleic 
acids. Similarly, gold nanoparticles and quantum dot-based immuno-
sensors have been designed to detect Avian coronavirus infection. These 
immunosensor-based methods outperform ELISA in terms of accuracy, 
sensitivity, and turnaround time [58]. 

AuNPs have gained attention in the development of biosensors 
because of their fascinating optical properties related to surface plasmon 

resonance (SPR) absorption. The prevalence rate of light on a metal 
surface causes collective coherent oscillation of conduction electrons. A 
UV-Vis spectrometer can be used to measure an AuNp’s color or LSPR 
band [59,60]. 

The anatomy of SARS-CoV-2 was studied using a novel technique 
that takes advantage of the optical properties of AuNPs. Thiol-modified 
antisense oligonucleotides (ASOs) for the N phosphoprotein were used 
for conjugation. When ASOs were added to an AuNP (ASO) aggregate, 
the surface plasmon resonance changed. When RNaseH is added, the 
RNA strand is cleaved from the RNA–DNA hybrid, resulting in a visually 
detectable precipitate facilitated by AuNP agglomeration. In the pres-
ence of MERS-CoV viral RNA, the LOD was 0.18 ng/L of RNA with a 
SARS-CoV-2 viral load [61]. 

2.2. Diagnosis of coronavirus infections using artificial intelligence 

The rapid rise in COVID-19 cases is putting a strain on healthcare 
services around the world. Precise diagnosis of COVID19-infected pa-
tients is critical to providing appropriate treatment and avoiding over-
burdening the healthcare system due to high costs and a scarcity of 
resources [62]. Within certain constraints, chest CT-based diagnosis is 
the quickest way to diagnose COVID-19 in suspected patients clinically. 
A recent study used a deep learning-based model for COVID-19 to 
distinguish between community-acquired pneumonia and COVID-19 on 
its own. With a scarcity of point-of-care diagnostics, AI-driven tools 
could supplement the transmission dynamics of SARS-CoV-2 among 
different population groups, and the risk of disease spread [63,64]. At 
the moment, the active learning process in AI devices is said to boost 
confidence during decision-making processes. As a result, protocols 
must be standardized to develop AI-based devices that can be used in the 
event of these disasters. Deep learning methods based on chest CT and 
X-ray images are helpful in diagnosing COVID-19 positive cases [65,66] 
Recent reports state that chest CTs of COVID-19 patients demonstrated 
usual radiographic aspects like ground-glass opacities, multifocal patchy 
consolidation, and interstitial changes with the peripheral distribution. 
With an overall accuracy of 86.7%, a CNN-based approach distinguished 
between COVID-19 and influenza A infected pneumonic lungs [67,68]. 
A transfer learning process of designing a CNN-based approach to 
generate disease diagnosis from patients’ chest anterior-posterior ra-
diographs could predict with 96.3% accuracy and high sensitivity and 
specificity. A meta-analysis of published research with independent 
datasets on CT scans and other imaging techniques for COVID-19 
diagnosis revealed an excellent accuracy rate [64,67]. 

Aside from symptoms, the current COVID-19 diagnostic approach, 
which employs real-time reverse-transcriptase polymerase chain reac-
tion (rRT-PCR), is more trustable. Even so, while this testing method is 
analytically sensitive enough to detect viral nucleic acid in samples, 
sample collection, sample quality, and experimental errors may have a 
significant impact on the rRT-PCR test accuracy. In rRT-PCR, a false 
negative rate of up to 20% has been reported [63,69]. 

It was also discovered that when complemented by an AI-based deep 
learning computer-aided diagnostic methods, some initially false- 
negative rRT-PCR results were later determined positive. Thus, com-
plementary combined AI-based approaches, such as CT-derived deep 
learning methods in conjunction with rRT-PCR, can provide a more 
reliable diagnosis of COVID-19. As the interpretation of the lung CT 
assisted by the deep learning-based method via a computer-aided 
diagnostic system, which has been pre-trained with a large number of 
CT scans of COVID-19 patients, could improve diagnosis accuracy and 
cover events missed by the use of rRT-PCR alone [64,70,71]. AI-based 
algorithms that combine chest CT findings with clinical symptoms, 
laboratory testing, and exposure history are as sensitive as radiological 
disease diagnosis. Many studies have discovered AI-enhanced radio-
logical image findings to differentiate between infected and 
non-infected people. Another study used robust deep learning models in 
2D and 3D for patient monitoring and automated detection. With 98.2% 
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sensitivity and 92.2% specificity, the deep learning CT image analysis of 
157 international patients demonstrated accurate disease progression 
measurement. It was also shown that when combined with AI-based 
image analysis, high accuracy in COVID-19 diagnosis could be ach-
ieved in a timely manner [70]. 

A complete and accurate machine learning approach was used to 
create a CRISPR-based nucleic acid detection system for SARS-CoV-2 
and symptomatically related pathogens that could be used for diag-
nostic and surveillance purposes. The CRISPR-Cas13 detection system 
was put through its paces using a lateral-flow assay to demonstrate its 
speed and sensitivity with synthetic targets [72]. As a result, AI ap-
proaches that work in tandem with existing molecular diagnostic pro-
cedures could aid in disease diagnosis and early control. Through AI/mL 
algorithms that have been well-tested and verified in several disease 
outbreaks, AI-based tools can provide speed in the healthcare setup amid 
the COVID-19 pandemic crisis [73]. 

2.3. Point-of-Care diagnosis 

In comparison to RT-PCR, point-of-care testing is a cutting-edge 
diagnostic process that requires less time. It aids medical personnel 
and physicians develop appropriate quarantine methods for positive 
patients, allowing them to receive immediate medical attention and 
preventing the disease from spreading further. Point-of-Care techniques 
can be categorized as serological antigen or molecular diagnostic 
methods. The former detects COVID-19 in blood by lateral flow immu-
noassay and colloidal gold immunochromatography, and the latter 
detecting COVID-19 in the nasopharyngeal swab, saliva, throat swab, 
and nasal swab via Pcr assay. 

Based on current evidence, the WHO (World Health Organization) 
now recommends using these new point-of-care immunodiagnostic tests 
only in research settings. They should not be used in other situations, 
such as clinical decision-making, unless adequate evidence substantiates 
their use [74,75]. 

2.4. Diagnosis of coronavirus infections using CRISPR/Cas system 

With the expansion of the COVID-19 virus worldwide, every scientist 
with diverse specialties tried to find a way to diagnose this disease in its 
early phase and cure its early phase and cure it. Different diagnostic 
methods are currently used; one of them is RT-PCR. At present, RT-PCR 
is the most popular molecular test used for COVID-19 diagnosis, but it 
has its weak points. The amount of the COVID-19 virus varies in 
different phases of the illness, so RT-PCR may not be able to discover the 
low loads of the virus [76]. 

Another recently proposed COVID-19 diagnostic test is the Viral RNA 
test based on CRISPR (clustered regularly interspaced short palindromic 
repeats)/Cas method. CRISPR is also called “molecular scissors.” 
CRISPR/Cas system is a prokaryotic (archaea and bacteria) immune 
system against the virus (bacteriophages) invasions. With the help of the 
CRISPR/Cas system, the bacteria identifies the invading virus’s nucleic 
acid sequence (DNA/RNA) and breaks it [77]. 

Scientists working on CRISPR/Cas system found out that CRISPR can 
also be used for COVID-19 diagnosis. In diagnostic tests based on 
CRISPR, nucleic acids are recognized as biomarkers. CRISPR/Cas-based 
diagnostic tests are applicable by routine lab reagents that greatly 
reduce the cost for patients and labs. Unlike qRT-PCR, the CRISPR 
method can target a singular and particular target sequence in less than 
an hour with no need for complicated laboratory equipment or setups 
[76]. 

After sample collection (mostly nasopharyngeal swabs), COVID-19 
RNA is extracted by special virus RNA extraction kits. Afterward, RNA 
is amplified through loop-mediated isothermal amplification (LAMP) or 
recombinase polymerase amplification (RPA) methods to increase the 
limit of detection(LOD). LAMP and RPA are two superior replacements 
for PCR in the RNA amplification process because they are cheaper and 

faster. Unlike qRT-PCR, a single temperature is required for virus RNA 
amplification, so there is no need for special equipment that provides 
thermal cycling. Following that, the unique nucleotide sequence 
matching the guide RNA will be detected by the CRISPR/Cas system, and 
the Cas protein will do the cleavage [78]. 

Another fact about using the CRISPR/Cas method for COVID-19 
diagnosis is that they are applicable in any place because they can be 
done using simple devices such as paper-based LFA (lateral flow assay) 
strips. This is good news for cities with poor economic conditions with 
no facilitated labs. CRISPR/Cas is also more specific and sensitive 
(100%) in comparison to qRT-PCR (90% specificity), which has made it 
much more valuable and attractive as a diagnostic approach [76]. 

2.4.1. CRISPR/Cas system classes 
CRISPR method is classified into two main groups (class1 and class 2) 

and six types summarized in Table 7 [76]. 
Up to now, CRISPR/Cas has been popularly used for both sickness 

detection and cure through genetic alteration. Specifically, CRISPR/ 
Cas3, CRISPR/Cas12a, CRISPR/Cas13a, CRISPR/Cas12b, based systems 
have been used for COVID-19 detection since its start. CRISPR/Cas- 
based systems used for COVID-19 detection are summarized in Table 8. 

Cas12 (DNA nuclease) and Cas13 (RNA nuclease) both recognize and 
link to their target nucleic sequence through their guide RNA (gRNA) 
and become activated. It is good to note that when Cas12 and Cas13 are 
activated, they start to cut every DNA/RNA near them randomly. Cas13 
and Cas12 can be modified and engineered for targeting the COVID-19 
genome [77]. 

2.4.2. CRISPR based methods 
One of the most challenging problems in COVID-19 diagnosis is its 

high mutation rate. With the help of the CRISPR/Cas system and 
selecting specific SgRNA, distinguishing between various strains of 
COVID-19 has been made possible [78]. DNA Endonuclease-Targeted 
CRISPR Trans Reporter (DETECTR) and SHERLOCK (sensitivity enzy-
matic reporter unlocking) are two CRISPR/Cas mediated methods 
authorized and commercially available for COVID-19 diagnosis [76]. 
General CRISPR/Cas based methods for COVID-19 detection are 
reviewed in Fig. 11. SHERLOCK and CRISPR/Cas13 were used for tar-
getting COVID-19, S, and ORF1ab genes in a study by Zhang et al. In this 
procedure, Cas13 recognizes and fixes to S and ORF1ab RNA sequences, 
and afterward, the arbitrary fractionation of surrounding ssRNA mole-
cules is initiated. Alongside, a ssRNA with blocked fluorescent is utilized 
as a reporter (Biotin-RNA-FITC). When the CRISPR system recognizes 
the virus RNA, Cas is activated, and the reporter RNAs are spliced. 
Consequently, fluorescent signals are detected. This method can detect 
the COVID-19 genome at attomolar quantity with 93% sensitivity [76]. 

The other method, DETECTR, is used to identify the presence of N 
and E genes in COVID-19 through CRISPR/Cas12 system [77]. When 
Cas12a is activated, alike Cas13 demonstrates nuclease activity. How-
ever,cas12 cuts DNA. DETECTRs exactness is comparable to qRT-PCR. 
Like qRT-PCR, DETECTR has standard protocols and commonly acces-
sible analytes. Still, unlike QRT-PCR, there is no need for a 
thermo-cycler because it has high incorporation ability with other 
reporting methods, for instance, Lateral flow strips. Other advantages of 
DETECTR over qRT-PCR are faster process completion and high target 

Table 7 
Different classes of CRISPR/Cas system.  

Class 1 Application Class 2 Application 

Type 1 – 
Cas3 

Cutting DNA 
(nuclease) 

Type 2- 
Cas9 

Cutting DNA 
(Endonuclease) 

Type 3 - 
Cas10 

Cutting RNA 
(nuclease) 

Type 5- 
Cas12 

Cutting DNA 

Type 4  Type 6- 
Cas13 

Cutting RNA  
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specificity (even single nucleotides matter) [76]. 
Another more complicated method is SHERLOCK v.2. SHERLOCK. In 

this method, Csm6 ribonuclease and Cas13 are utilized together to find 
various matching sequences accurately. As a result, any infection with 
COVID-19 can be diagnosed. Further, any DNA/RNA sequence can be 
recognized using this method [96]. 

Recently, another Cas9 family protein named FnCas9 was found in 
Francisella novicida. It was used in a new detection method FELUDA 
(FnCas9 editor linked uniform detection assay) for COVID-19 detection. 
FELUDA was found a fast, cheap nucleic acid detection method with 
high specificity and sensitivity, even in distinguishing between two 
strains of COVID-19 virus with one nucleotide point mutation. This 
method doesn’t need special lab equipment, and like other CRISPR/Cas- 
based methods mentioned above, even a very small amount of virus 
loads can be detected through lateral flow kits [97]. 

Still, one of the main reasons for the complexity of CRISPR/Cas- 
based detection methods is its two-step operation system. First, DNA/ 
RNA should be amplified, and then CRISPR/Cas system is added for 

diagnosis. To reduce the complexity, most recently, Jun et al. designed a 
new diagnostic one-step COVID-19 diagnosis method named CRISPR- 
top (CRISPR mediated testing in one-pot). In this method, nucleic acid 
amplification and CRISPR/Cas detection steps are done in one reaction 
tube. CRISPR-top advantages over other processes are its simplicity, 
remarkable specificity (100%), and the high ability to detect COVID-19 
virus in low loads (10copies). This method’s sensitivity in COVID-19 
virus detection was similar to qRT-PCR (65%). Results can be under-
stood by lateral flow assays or visual fluorescence [98]. 

2.4.3. CRISPR challenges 
Like any other newly designed method, CRISPR has its challenges in 

disease diagnostics, specially COVID-19. For instance, Each CRISPR/Cas 
system has a unique gRNA that can bind only to its target sequence. So, 
each system can detect one target gene at a time (Rahimi). Gootenburg 
and coworkers designed the first multiplex sensing system by using 
different classes of Cas effectors for detecting four different sequences in 
one reaction. They used different Cas proteins (PsmCas13b, LwaCas13a, 
CcaCas13b, and AsCas12a). scale-up is impossible because of the limit in 
Cas systems. The main limit in this procedure was the intervention be-
tween the verifying agents and the probability of irritating reaction 
[99]. 

Another point is that CRISPR-based detection methods are qualita-
tive. In other words, they can maintain whether the target genome is 
present or not; no information about its quantity is given. Cas protein is 
the fundamental part of this system that ascertains the properties and 
application of each CRISPR/Cas system. For example, Some CRISPR 
systems acquire PAM sequences for the correct binding of gRNA and the 
target sequence. Besides, PAM sequences maintain mismatch tolerance. 
And the number of mismatches acceptable entirely depends on the Cas 
protein class [77]. A summary of CRISPR challenges for COVID-19 
detection is shown in Fig. 12. 

3. Treatment of a patient with COVID-19 

New Coronavirus (SARS COVID-19) has killed more than a million 

Table 8 
CRISPR/Cas based systems used for COVID-19 detection.  

System Cas type Ref. 

SENA 12a [79] 
CRISPR-Cas12 based 12a [80] 
CRISPR-Cas12a-NER 12a [81] 
CRISPR-FDS 12a [82] 
ITP-CRISPR 12a [83] 
AIOD-CRISPR 12a [84] 
DETECTR 12a [85,86] 
iSCAN 12a [87] 
VaNGuard 12a [88] 
STOP-COVID 12b [89] 
CASdetec 12b [90] 
CRISPR-COVID 13a [91] 
SHERLOCK 13a [92] 
CREST 13a [93] 
SHINE 13a [94] 
CONAN 3 [95]  

Fig. 11. Illustrates the most common CRISPR/Cas based methods for COVID-19 diagnosis (sample to report).  
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people and affects thousands daily. Thus it is an important target for the 
rapid development of drugs [100]. We have thoroughly investigated the 
ordinary medicines like home remedies, homegrown pharmaceuticals 
for COVID-19 alongside chemical drugs, plasma therapy/medication, 
and vaccines, discussed before [1]. Clinical trials are testing different 
drugs to find a potential therapeutic cure for covid19. Different 
anti-viral treatment targets are Clinical trials performed. Clinical trials 
are being carried out in which potential anti-viral treatment targets are 
tried, such as restraining viral proteins identified for genome replication 

or blocking viral sections into human cells [101]. There are numerous 
pharmacological strategies to fight against COVID19:Small-molecule 
drugs, immunizations, Plant-based Molecules, Nasal drugs, Stem cell 
therapies, peptides, monoclonal antibodies, and nanotechnology-based 
drugs [102]. Effective solutions against Coronavirus can be catego-
rized based on their active component [103]: Those that act on viral 
proteins and proteins in this way anticipating RNA replication and union 
Those that act on the viral auxiliary proteins, restraining self-assembly 
or blocking the infection. The S protein could be a primary target for 

Fig. 12. CRISPR challenges for COVID-19 detection.  

Fig. 13. SARS-CoV-2 and a few of its molecular protein targets.  
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vaccine improvement [104]. Different particles of the virus, like the 
envelope antigens, nucleocapsid, or even the membrane, can be targeted 
by the synthesized drugs. A schematic illustration of the SARS-CoV-2 
anatomy and some of its structural proteins is presented in Fig. 13. 

3.1. Drugs 

Vaccines are protective, but they are not entirely effective in pre-
venting serious illness or the spread of the virus, especially in newer 
variants. Some of the drugs that are being applied as investigational 
medicines against COVID-19 are repurposed medications designed to 
cure other viral diseases. Successful pharmacotherapeutic approaches 
against SARS-CoV-2 can either be tied down to using particular treat-
ments to block viral connection like Peptide fusion inhibitors or utilize 
the wide-ranging antiviral drugs like protease inhibitors that break the 
bonds between long strings of protein sub-units and are used by the 
coronavirus to make the proteins it needs to replicate within human 
cells. Without them, the virus cannot multiply [105]. anti-SARS-CoV-2 
neutralizing monoclonal antibodies and anti-ACE2 monoclonal anti-
bodies are conceivable pharmacotherapeutic alternatives [105]. Clinical 
trial reports indicate that a few antiviral drugs, such as Favipiravir, 
Remdesivir, and Molnupiravir, are helpful in some cases. Molnupiravir 
is a new antiviral with illustrated activity against SARS-CoV-2. It has 
been proven that the drug is safe and has antiviral activity in humans, it 
should be noted that the phase 3 trial has been initiated in 
non-hospitalized patients at risk of severe disease progression. Results 
will not be known before the end of the year 2021 [106]. Favipiravir is a 
promising drug for treating COVID-19 that may reduce hospitalization 
and their need for mechanical ventilation. However, it should be noted 
that only patients with mild to moderate COVID-19 had a better prog-
nosis than patients with severe disease [1,2,30,31]. Favipiravir probably 
has no beneficial effect on mortality in the general group of patients with 
mild to moderate COVID-19. We need to keep in mind that it is too late 
to use antiviral drugs when they show symptoms, which may explain 
their low efficacy in clinical settings [1]. In October 2020, the FDA 
approved the antiviral drug RamedSivir for the treatment of COVID-19. 
It may be used to treat adults and children 12 years of age and older who 
weigh at least 88 pounds and have been hospitalized for COVID-19. 
Clinical trials show that in these patients, RamedSivier can moderately 
accelerate recovery time. Also, Ribavirin is highly available and low 
cost; thus, it supports its potential for positive impact in the treatment of 
COVID-19 infections. Nitazoxanide may work by inhibiting both cell 
entry and viral particle assembly and seemed to improve viral clearance 
in patients with symptomatic COVID-19 [107]. Readers are encouraged 
to follow our previous review paper around this subject for more in-
formation about valuable drugs and medications against 
COVID-19infection [1]. 

3.2. Other potential drugs 

Dexamethasone is a glucocorticoid drug used to treat rheumatic 
problems, some skin conditions, severe allergies, asthma, chronic 
obstructive pulmonary disease, brain swelling, eye pain after eye sur-
gery, and antibiotics for tuberculosis. Remdesivir and Dexamethasone 
are said to be two therapies that are effective against Sars-Cov-2-related 
diseases [106]. Dexamethasone reduced the incidence of death in 
ventilated patients [108]. Recombinant ACE-2 is helpful because for 
entering the cells, the corona virus must first unlock them - this is done 
by attaching to a human protein called ACE-2. Scientists have developed 
a synthetic ACE-2 protein that can prey and repel coronavirus from 
vulnerable cells. Recombinant ACE-2 proteins have shown positive re-
sults in experiments on cells and animals but not yet in humans. 
PF-07321332 is a completely different drug that prevents the virus from 
multiplying inside cells. Pfizer developed a drug in the early 2000s as a 
potential treatment for SARS caused by the SARS-CoV corona virus. At 
the beginning of the COVID-19 epidemic, they retrained it against 

SARS-CoV-2, which has similar biology. In addition, they changed the 
drug to pills. When the drug was given orally to mice, it was sufficient to 
block the coronavirus. PF-07321332, as the drug is now known, con-
ducted clinical trials in March 2021, followed by the more significant 
Phase 3 trial in July. The results of this study are expected by October. 

3.3. Plasma 

Existing documents show that hyper-immune (or convalescent) 
plasma from patients who have got back on their feet from different viral 
infections can be valuable for the sickness treatment without special 
warnings. Hyper immune (or convalescent) plasma has already been 
utilized as a last shot in patients with primary SARS-CoV pneumonia not 
answering back to maximal treatment [109]. Diverse studies on 
SARS-CoV pneumonia showed that hyper immune plasma was success-
ful in decreasing hospitalization and fatality. A meta-analysis of 32 
studies on SARS-CoV illness and severe/acute influenza found a statis-
tically significant reduction in the pooled odds of mortality following 
healing plasma treatment compared to placebo or no therapy. A protocol 
to determine the application of hyper immune plasma in curing patients 
influenced by MERS-CoV pneumonia was built up in 2015. Thus far, a 
few case reports of COVID- 19 patients treated with hyper immune 
plasma were released that displayed profitable/favorable outcomes, 
most probably due to its antiviral action. These case reports suggest that 
COVID-19 patients treated with convalescent plasma showed less viral 
loads in serum, and most showed no infection signs 3 days after treat-
ment [110]. A Chinese randomized clinical trial was just published. In 
this study, a populace of 103 severely ill subjects with life-threatening 
COVID-19 infection underwent treatment with covalent plasma. There 
was no actual superiority in treated patients’ conditions in terms of 
clinical improvement, mortality rate, and time to discharge, compared 
to standard treatment in 28days. In another study, a subgroup of seri-
ously sick but not basic patients treated with convalescent plasma dis-
played faster clinical change (p = 0.03). It is important to note that the 
study was underpowered because the patients’ registration was ended 
early due to contamination in China. It did not reach the target of 200 
patients. It is important to mention that, predictably, convalescent 
plasma was very satisfactory in the early viremia stages of the disease. In 
this case, it was dealt with highly late after the onset of negative effects. 
(middle of 30 days). For these reasons, it would be beneficial to assess 
hyper immune plasma adequacy in the early stages of COVID-19 infec-
tion to see if earlier administration is associated with better outcomes 
[111]. 

3.4. Home remedy 

As mentioned many times before, almost 80% of COVID-19 patients 
have to care for themselves at home [1]. Our previous study thoroughly 
discussed self-care, reducing stress, and home treatments for sore throats 
and sinus blockage [1]. It is recommended to drink lots of fluids and stay 
hydrated. Also, it is important to rest and avoid physical activities; 
gargle salt water can be helpful. Although there isn’t any scientifically 
proven about it, many people believe that salt water helps their sore 
throat [100]. Generally, what is genuinely vital here, is to boost the 
immune system and prevent infection. 

3.4.1. Herbal medicine 
Plants have been extensively studied since ancient times, and many 

important chemical compounds with tremendous therapeutic potential 
have been identified. Attacks by microorganisms, including viruses and 
bacteria, can be controlled by an efficient immune system, and there-
fore, stimulating the body’s defense mechanism against infections is a 
helpful method. Plant products and their biologically active molecules 
modulate immune responses by stimulating and modifying lympho-
cytes, macrophages, and cytokine production. Many plant extracts 
contain a number of active principles, including polysaccharides, 
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terpenoids, alkaloids, flavonoids, glycosides, and essential oils, which 
have the extraordinary ability to maintain or stimulate the immune 
system primarily by modulating nonspecific immune responses. The use 
of herbal medicines has increased due to their therapeutic value 
compared to allopathic medicines since these biological compounds 
show fewer side effects [112]. Plant molecules are less expensive to 
maintain and are prone to large-scale production [113,114]. In addition, 
although some synthetic compounds and monoclonal antibodies are 
available as immune regulators, their use has been associated with some 
limitations, including side effects. Immunomodulators of different 
plants, their extracts, plant active ingredients, and plant products have 
been studied [115]. Amparo et al. reported that potential 
anti-SARS-CoV-2 compounds are mainly phenolic compounds [116]. 
Herbal plants include Artemisia kermanensis, Eucalyptus caesia, Mentha 
spp., Rosmarinus officinalis, Satureja hortensis, Thymus spp., and Zataria 
multiflora are typical examples of rich sources of phenol [117]. Bio-
flavonoids from Torreya nucifera prevent the replication of SARS-CoV 
3CLpro [118]. Another group of secondary metabolites which are 
highly antiviral and are beneficial against coronaviruses is the alkaloids. 
The bisbenzylisoquinoline alkaloids, tetrandrine, fangchinoline, and 
cepharanthine from roots of Stephania tetrandra inhibit expression of the 
human coronavirus, HCoV-OC43, spike, and nucleocapsid proteins; 
thus, they can provide sufficient immunomodulation [119,120]. lycor-
ine from G. glabra and Lycoris radiate, respectively, displayed positive 
activity against SARS-CoV [121]. Glycyrrhizin has also shown good 
potential against the COVID-19 virus SARS-CoV-2 [121]. It may emerge 
as an alternative drug for its treatment [122,123]. Based on these 
findings, a novel mixture of vitamin C, curcumin, and glycyrrhizic acid 
(VCG plus) has been proposed to treat coronavirus infections [124]. 
Here are some other plants that may have antiviral effects due to their 
chemical compounds. Curcumin, which has polyphenolic compounds, 
showed activity against various important human pathogens, including 
influenza virus, HCV, HIV, and SARS-CoV-2 [125]. Qing Fei Pai Du Tang 
and or Ma Xing Shi Gan Tang (MXSGT) are two popular Chinese medi-
cations that have been used during the corona virus outbreak in China. 
Qing Fei Pai Du Tang has been actionable for healing sick people with 
any clinical side effects of severe to a mild range of COVID-19 [126]. Ma 
Xing Shi Gan Tang (MXSGT) is famous for its anti-fever effects and is 
commonly useful for treating respiratory diseases such as pneumonia 
and influenza [127]. Lianhua Qingwen Capsule (LHQW) is a plant-based 
drug; it has been clinically proven to treating COVID-19 disease. Several 
exposed LHQW components in humans play an important role in 
combating SARS-CoV-2 and play a significant role in binding ACE2 and S 
proteins, which is an important way to inhibit virus infection. Some 
studies provided direct chemical and biochemical evidence related to 
the molecular mechanisms of clinical use of LHQW for the prevention 
and treatment of COVID-19. In addition, human exposure-based trials 
have been performed to identify active medicinal components in an 
herbal drug with beneficial therapeutic effects [128]. Cryptolepis San-
guinolenta is a Ghanaian herbal medicine locally known as Nibima used 
for clinical trials against COVID-19. Alkaloids from Cryptolepis sangui-
nolenta could serve as lead compounds as cure for the corona virus disease 
[129]. In addition, researchers from Hue University have recently 
investigated the essential oil from Garlic (Allium sativum L.) against 
COVID-19 in molecular docking studies [130,131]. The docking results 
illustrate that the organosulfur compounds (e.g., allyl disulfide and allyl 
trisulfide) effectively prevent the host’s angiotensin-converting enzyme 
2 (ACE2; membrane glycoprotein) and targeting the PDB6LU7 protein, 
the main protease of SARS-CoV-2. This prevention regulates the 
PDB6LU7 protein maturation of the COVID-19 and the further spread of 
infection [130,131]. Besides, some Indian spices are suggested to be 
helpful. In India, such as Cinnamomum cassia (cinnamon), Piper nigrum 
(dark pepper), Syzygium aromaticum (clove), Ocimum basilicum L. 
(basil), Allium sativum L. (garlic), Tinospora Cordifolia (giloy), Aza-
dirachta indica (neem), turmeric, and Zingiber officinale (ginger). 
However, the inordinate and overmuch consumption of spices and herbs 

may cause diverse secondary effects, to be specific, acid reflux, heart-
burn, constipation, diarrhea ulcers within the mouth, blood pressure 
fluctuation, and so on [132]. It should be noted that lots of these med-
ications are valuable for preventing the disease. In a few Asian nations it 
is common to do traditional Chinese medicine (TCM) food treatment, 
TCM tea and foot bath, these are also considered as the non-medicine 
treatments advised for a diverse population to clean up and restore 
lungs, give strength to the spleen, and stomach, helping to resist and 
heal disease. These are some of the traditional drugs that are still in use 
in China and Southeast Asia, but their efficacy needs to be investigated 
further. In our previous study, we have entirely reviewed Chinese herbal 
medicine [1]. Nano-sized herbal drugs have been developed as nano-
phytomedicines based on their unique nature. Different 
nanotechnology-based systems such as polymeric NPs, solid lipid NPs, 
magnetic NPs, metal and inorganic NPs, nanospheres, nanocapsules, 
quantum dots, nanoemulsions, polymeric micelles, liposomes, and 
dendrimers have been used for the successful delivery of natural prod-
ucts from traditional drugs. This brings potential plant-based pharma-
ceutical carriers as an alternative and supplementary medicine to the 
modern system, pushing the fight against many chronic and pandemic 
global issues like COVID-19 one step forward [133]. The combination 
between traditional medicine and nanomedicine will be novel, safe, and 
effective. Also it is very supportive for a pandemic crisis like COVID-19 
[134]. Spherical NPs can deliver plant metabolites and body parts of 
microorganisms as a potential strategy for antiviral therapies [135]. 
Glycyrrhizic acid, a substance in the Chinese herb licorice, has a known 
anti-SARS-CoV effect. Still, its application is limited due to cytotoxicity, 
poor water and bio-fluid solubility, and low bioavailability. Synthesizing 
highly biocompatible glycyrrhizic acid NPs significantly improved 
antiviral and anti-inflammatory effects in vitro and in vivo [136]. A 
typical Indonesian natural product administration culture, called jamu, 
is commonly practiced to relieve pain and inflammation from acute and 
chronic disorders. The efficacy and the value of jamu have been 
improved using various nanotechnology approaches such as nano-
suspension, nanoemulsion, nanoencapsulation, and nanofiber fabrica-
tion [137]. At Alfaisal University researchers mixed AgNPs with a black 
tea extract (theaflavin) and attained a potent viral replication inhibition 
effect that can assist in the combat against COVID-19 by slowing the 
viral reproduction rate in a host also it is useful to decrease the severity 
of infections symptoms [137]. 

3.5. Novel and helpful treatments 

The body’s normal reaction to viral disease is to produce a wide 
range of antibodies that can directly intrude with the virus’s capability/ 
potentiality for replication. Analysts recognized the most attainable and 
resistant antibodies against the Coronavirus and reproduced them in 
great quantity [138]. The subsequent ’monoclonal antibodies have been 
used in a different state of affairs as medications for COVID-19. Treat-
ment with monoclonal antibodies should be started as soon as possible 
after the patient receives a positive result on a SARS-CoV-2 antigen or 
nucleic acid amplification test within ten days of symptom onset. The 
use of anti-SARS-CoV-2 monoclonal antibodies should be considered for 
patients with mild to moderate COVID-19 or those who are hospitalized 
for a reason other than COVID-19. Anti-SARS-CoV-2 monoclonal anti-
bodies are not currently authorized for use in patients hospitalized with 
severe COVID-19; However, they may be available through widespread 
access programs for patients who have not developed an antibody 
response or are not expected to develop an effective immune response to 
SARS-CoV-2 infection. Three anti-SARS-CoV-2 monoclonal antibody 
products currently have Emergency Use Authorizations (EUAs) from the 
Food and Drug Administration (FDA) to treat mild to moderate 
COVID-19 in nonhospitalized patients with laboratory-confirmed SAR-
S-CoV-2 infection who are at high risk for progressing to severe disease 
and hospitalization. It should be mentioned that the issuance of a EUA 
does not constitute FDA approval. These products are: Bamlanivimab 
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plus etesevimab are neutralizing monoclonal antibodies that bind to 
different but overlapping epitopes in the spike protein of SARS-CoV-2 
[139]. The distribution of bamlanivimab plus etesevimab was stopped 
on June 25, 2021, because both the Gamma (P.1) and Beta (B.1.351) 
variants of concern are currently circulating in the United States have 
reduced susceptibility to bamlanivimab and etesevimab [140]. Casir-
ivimab plus imdevimab are recombinant human monoclonal antibodies 
that bind to nonoverlapping epitopes of the spike protein RBD [141]. 
Sotrovimab monoclonal antibody was originally identified in 2003 from 
a SARS-CoV survivor. It targets an epitope in the RBD of the spike pro-
tein that is mutual between SARS-CoV and SARS-CoV-2 [142]. The U.S. 
Food and Drug Administration issued an emergency use authorization 
(EUA) for casirivimab and imdevimab to be administered together to 
treat mild to moderate COVID-19 in adults and pediatric patients with 
positive results of COVID-19 viral test and those who are at high risk for 
progressing to severe COVID-19. This includes those who are 65 years of 
age or older or who have certain chronic medical conditions. In a clinical 
trial of patients with COVID-19, casirivimab and imdevimab, utilized 
together, to reduce COVID-19-related hospitalization or emergency 
room visits in patients at high risk for disease progression within 28 days 
after treatment when compared to placebo [141]. The safety and effi-
ciency of this therapies for COVID-19 infection continues to be evalu-
ated. Casirivimab and imdevimab are not authorized for patients who 
are hospitalized due to COVID-19 or require oxygen therapy due to 
COVID-19. Merit of casirivimab and imdevimab treatment has not been 
illustrated in hospitalized patent due to COVID-19 [141]. Nasal sprays 
are used to deliver drugs locally in the nasal cavities. They are used for 
conditions such as nasal congestion and allergic rhinitis. Nasal drugs 
have shown to be effective in decreasing COVID-19 transmission [143]. 
Iota-Carrageenan is a sulfated polymer from red algae. It happens to be a 
broadly active anti-viral compound. It is effective and safe for the pre-
vention and treatment of respiratory infections [130,144]. a nasal spray 
of Iota-Carrageenan showed significant efficacy in preventing 
SARS-Cov-2 infection in hospital personnel who work beside patients 
with COVID-19 disease [145]. According to research by an Argentinian 
group, an Iota-Carrageenan-based nasal spray showed significant effi-
cacy in preventing COVID-19 among hospital staff who were in touch 
with COVID-19 infected people [130]. In addition, nitric oxide (NO) is a 
free radical gas molecule involved in innate immunity, and it is also 
beneficial in terms of wound healing, vasodilation, neurotransmission, 
and angiogenesis [146,147]. Treatment with NONS was effective in 
reducing the viral load in patients with mild, symptomatic SARS-CoV-2 
infection. NONS may reduce symptom, duration, infectivity period, 
hospital admissions of COVID-19 infected patients. They also have 
experience lower disease severity [147]. The World Health Organization 
acknowledged that clinical trials are going to evaluate nasal spray 
vaccines for COVID-19. The vaccines are currently available and offer 
strong protection against severe forms of COVID-19 but are less reliable 
at preventing the spread of the virus. Generally, they are intranasal 
administration of an engineered IgM, which can improve efficacy and 
reduce resistance also simplify the treatment of COVID-19 [148]. The 
vaccinated animals displayed less amount of the virus, so they are not 
contagious anymore, and that’s one of the advantages of nasal spray. 
this nasal spray could serve as a booster shot to fight against 
SARS-CoV-2. Another novel Therapeutic approach is a Stem cell. 
Mesenchymal stem cells(MSCs) have received specific attention since 
they have the ability to help the immune system and prevent inflam-
mation caused by cytokine storms caused by SARS-CoV-2 infection. 
These new therapies may reduce mortality rates in patients with 
COVID19 [149]. Studies have shown that mesenchymal stem cells 
improve lymphocyte populations, especially through dendritic cells and 
shifting immune system cells [149,150]. research showed that the in-
jection of MSCs decreased inflammation in patients with severe 
COVID-19. Also it Improves lung damage [149,151]. It should be 
mentioned here that the timing of stem cell injections in case of severe 
COVID19 is critical. Patients with this situation in the inflammatory 

phase respond better to cell therapy [149]. findings acknowledged that 
MSC treatment not only significantly repair lung damage, but also im-
proves patient recovery. Proposed mechanisms for MSC action in pa-
tients with severe COVID-19 has some steps. At first, SARS-CoV-2 
primarily occupies the respiratory tract including the lung; the infiltra-
tion of immune cells (neutrophils, monocytes/macrophages, NK, 
CD4+ T, CD8+ T, Th17, and B cells) increases; then cytokine storms 
(including IFN-α, IL-1, IL-6 and TNF-α) occur. Hyaline membrane for-
mation, the release of cellular fibromyxoid exudates, and pneumocyte 
desquamation are also observed. After stem-cell infusion, the number of 
infiltrated immune cells decreases significantly, and the damaged lung 
tissue is getting improved. MSCs play an important role in regeneration 
and immune regulation [151]. Currently, several clinical trials are un-
dergoing for cell-based therapeutic approaches to prevent or treat 
COVID-19 patients. Recently, MSCs have become noticeable for clinical 
trials according to their immunomodulatory and regenerative aspects. 
They could preserve alveolar epithelial cells, repair the pulmonary 
microenvironment, inhibit pulmonary fibrosis, and help cure damaged 
tissues of the lungs [152]. Despite many completing and ongoing clinical 
trials, there is no clear conclusion regarding some issues related to MSCs 
limitations, including their safety, tumorigenicity, profibrogenicity, and 
heterogeneity [153]. The potential risks of mesenchymal stem cells are 
multiplying or changing into inappropriate cell types, product contam-
ination, growth of tumors, infections, thrombus formation, and admin-
istration site reactions. Furthermore, it was reported that several stem 
cell-based clinical trials received approval for treating COVID-19 pa-
tients with acute respiratory disease. Thus., stem cells can be played a 
key role in the control of this viral infection. Next-generation cell-based 
therapies can be utilized for each person to treat their specific diseases 
[154]. Nanotechnology is the design and application of materials that 
are < 100 nm [155]. Nowadays, nanotechnology is playing a key role in 
antiviral therapy for COVID-19 [156]. Nanoparticles have been devel-
oped specifically for the delivery of biotherapy drugs across physiolog-
ical barriers [58]. It is also utilizing in the development of air purifiers to 
inhibit transmission of the SARS-CoV-2 virus [157]. A wide range of 
nanodevices, such as nanosensors, nano-based vaccines, and smart 
nanomedicines, offers significant overview for fighting against different 
mutated strains of coronaviruses. Nanomaterials, such as silver colloid, 
titanium dioxide, and diphyllin nanoparticles, are antiviral agents and 
drug-delivery platforms for the effective control of coronavirus infection 
[58]. An appropriately designed nanoparticle-antiviral drug combina-
tion can be expected to enhance the effect of the compounds in several 
ways (e.g. facilitate interaction with the viral particles, disrupts their 
entry into cells, increases bioavailability and formula stability, and re-
leases antiviral agents in a controlled manner [158–160]). Biocompat-
ible nanoparticles may show great antiviral activity [161]. 
nanomaterials can attach to viral particles and inhibit their interaction 
with the host cell. For instance, carbon quantum particles prevent the 
entry of another human coronavirus (HCoV-229E strain) into the host 
cells by interacting with the S protein of the virus and do not allow the 
virus to bind with the host cells. These nanomaterials may also useful in 
case of SARS-CoV-2 [162] Bioavanta LLC/Bosti Trading Ltd has pro-
moted Novochizol, a chitosan-based aerosol nanoparticle that is 
formulated for stick to lung epithelial tissues and ensures sustained 
release without systemic distribution, so it is an ideal intrapulmonary 
delivery system [157]. SARS-CoV-2 and nanomaterials have same size, 
they make direct contact for combat SARS-CoV-2; additionally, nano-
materials are able to reduce the side effects of antiviral drugs they also 
can co-deliver multiple drugs and they enhance the stability of mRNA 
vaccines and nanotechnology facilitates the drug release [163]. SiRNAs 
are highly efficient in reducing the replication of RNA viruses, such as 
coronaviruses. In Nano-based gene therapy Nano carriers can improve 
siRNA stability by preventing enzymatic degradation. Polymer / lipid 
Nano carriers have shown promising results for loading inhalable anti-
viral siRNA and delivering aerosol-based antiviral siRNA to the lungs. In 
nano-based immunotherapy, nanoparticles, such as dendrimers, 
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liposomes, carbon nanotubes, polymer-based materials, and mineral 
nanoparticles, can be combined with several antigens to activate the 
immune system more strongly. Nanoparticles have shown promising 
results in modulating the performance of safety components and 
reducing immunomodulation-related toxicity [58]. 

3.6. Antibiotics 

Antibiotics are recommended for people who are assumed or 
confirmed to have COVID-19 infection. Antimicrobial therapy should be 
evaluated daily for stepping/scaling down [61]. The course of experi-
mental antibiotic treatment should be as short as possible. Generally, 
5–7 days. Increased antibiotics consumption during an epidemic may 
cause terrible reactions, such as Clostridioids difficile infections, with 
clinical infections ranging from diarrhea and fever to colitis [89]. 
Antibiotic care programs should be implemented or continued among 
COVID-19 patients [90]. In summary, the decision to use antibiotics 
relied more on laboratory markers of inflammation than clinical markers 
of COVID-19. 

4. Vaccines 

On 11 January 2020, the genetic sequence of the Coronavirus that 
causes COVID-19 (SARS-Cov-2) was discovered. This discovery moti-
vated a global race initiation for making an efficient vaccine for this 
disease. The COVID-19 pandemic’s impact on humanity and the econ-
omy drive evaluation of next-generation vaccine technology to speed up 
advancement. The first COVID-19 vaccine entered human clinical 
analysis on 16 March 2020 [164]. According to the WHO report, since 8 
October 2021, 320 vaccines have been in progress. 194 vaccines are in 
the pre-clinical development stage that 126 of them are in clinical 
progression [165]. 

Vaccines that have recently acquired/attained clinical approval by 
national and international authorities vary by their design: deactivated 
vaccine, live-attenuated vaccine, subunit vaccine, nucleic acid vaccine, 
viral vector vaccine [166]. Inactivated or killed virus (KV) vaccines refer 
to a type of vaccine that chemicals have inactivated the native pathogen 
(virus) (e.g., Formaldehyde, Glutaraldehyde), PH, heat treatment, and 
radiation (e.g., gamma irradiation). They can replicate in human or 
animal bodies [167]. The live-attenuated vaccines consist of the weak-
ened forms of the virus that can poorly replicate in the cell but can’t 
cause any severe disease. These vaccines have been used for billions of 
people and usually provide immunity for decades [168]. Another type of 
vaccine is subunit vaccines which are based on virus particles. These 
vaccines typically contain adjuvants, molecules that increase the 
magnitude and moderate the immune response quality. About the 

conjugated vaccines, polysaccharide-based antigens are carried by 
protein carriers, so this type of vaccine can be classified as a subclass of 
subunit vaccines [169]. Vaccines based on nucleic acid are being 
developed to combine live-attenuated and subunit vaccines to use their 
respective advantages. Viral vectors (e.g., adenoviruses, poxviruses), 
recombinant bacteria, plasmid DNA and RNA, are different kinds of 
these vaccines [170]. RNA or DNA-based vaccines are expressed in the 
host cell instead of direct injection of the antigen or complete virus 
particles [171]. 

Vaccines are potentially designed to make numerous diverse anti-
bodies to identify especial parts of the virus. So if one particle of the 
virus mutates, the antibodies could figure out another part of the virus. 
Understandably, there will be a variety of antibodies that may decrease 
vaccine viability, so the vaccine companies are making a new class of 
vaccines that ought to work against the latest strains of SARS-CoV-2 
[172]. 

Table 8 the comparison between vaccines available. These types of 
vaccines consist of lipid nanoparticles shown in Fig. 14 and Fig. 15. 

4.1. Pfizer-BioNTech vaccine 

The vaccine developed by Pfizer and BioNTech is a nucleic acid 
vaccine that comprises a nucleoside-modified mRNA encapsulated in 
lipid nanoparticles. This modified mRNA encodes immunogens taken 
from the spike glycoprotein (S) of SARS-CoV-2 [173]. These developers 
are testing four vaccine candidates simultaneously [174]. BNT162b1 
encodes a dissolvable, discharged trimerized receptor-binding domain 
(known as the RBD–folded). BNT162b2 encodes the full-length trans-
membrane S glycoprotein, coated in its prefusion configuration by the 
transposition of two residues with proline (S(K986P/V987P); from now 
on, S(P2) (known as P2 S as well)) [173]. According to FDA’s fact sheet 
about Pfizer-BioNTech vaccine, this vaccine contains the following in-
gredients: mRNA, lipids ((4-hydroxybutyl) azanediyl)bis(hexane-6, 
1-diyl)bis(2-hexyldecanoate), 2 [(polyethylene glycol)− 2000]-N, 
N-di-tetradecyl acetamide, 1,2-Distearoyl-sn-glycerol-3- phosphocho-
line, and cholesterol, potassium chloride, monobasic potassium phos-
phate, sodium chloride, dibasic sodium phosphate dihydrate, and 
sucrose [175]. Efficacy analysis of the Pfizer-BioNTech vaccine dem-
onstrates that starting 28 days after the first dose, BNT162b2 is 95% 
successful in resistance to the SARS-CoV-2 virus. This efficacy was 94% 
in people above 65 years old. These data consist of 43,000 participants 
of various ages, gender, race, and ethnicity [175]. this vaccine should be 
stored in an ultra-cold freezer between − 80 ◦C and − 6 ◦C for long 
term use. But for short term use that should not exceed 2 weeks, it can 
also be stored in the freezer between − 25 ◦C and − 15 ◦C [175]. 

It is important to mention that no deaths were reported because of 

Fig. 14. The differences between the vaccines are based on the inactivated virus, live-attenuated virus, and subunit of a virus with the natural virus.  
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the vaccination; only mild to moderate resultants were observed. 
Generally, this variation had a proficiency of up to 95% [176]. The new 
variants of the virus provide the elevated capability to spread expedi-
tiously, but no change in the severity of the disease was reported. The 
current vaccines can recognize and neutralize some of the new varia-
tions of the virus [172]. Commonly detailed side effects in 
non-anaphylaxis allergic responses included pruritus, rash, itchy and 
scratchy sensations within the throat, and gentle respiratory symptoms 
[177]. Furthermore, a few Antagonistic Events Pain such as swelling, 
redness, fever, weakness, headache, chills, vomiting, diarrhea, muscle 
pain, joint pain, lymphadenopathy, shoulder injury, right axillary 
lymphadenopathy, paroxysmal ventricular arrhythmia, syncope, and 
right leg paresthesia has been reported [178,179]. In general, the side 
effects associated with the Pfizer-BioNTech COVID-19 vaccine are 
similar to those associated with most previous vaccinations, and most of 
them are tolerable [180,181]. Moreover, the manufacturer and the FDA 
Facts Sheet [182]. Anyway, it is required for some individuals to be 
monitored for a brief time instantly after getting their vaccine dosages 
[183]. 

4.2. Moderna vaccine 

Moderna was one of the first vaccine developers who launched the 
clinical trials of vaccines against SARS-CoV-2. Like the Pfizer-BioNTech 
vaccine, Moderna’s vaccine is also based on mRNA technology [184]. 
This vaccine consists of an mRNA molecule that is encapsulated by lipid 
nanoparticles. This (mRNA-1273) generates a full-length spike protein 
of SARS-CoV-2 with stabilized permeation/infiltration and induces an 
immunological response in human cells. 30,420 volunteers took part in 
this clinical trial. 50% of them received two injections (each included 
100 µg of mRNA) 28 days apart. According to the results, the vaccine’s 
efficacy is 94.1%, and no severe adverse events were reported [185]. 
The best long-term storage temperature for the vaccine is between 
− 25 ◦C and − 15 ◦C in the freezer. And for short-term storage(less than 
30 days), between 2 ◦C− 8 ◦C in the refrigerator [174]. 

In vaccination trials, moderate side effects such as low-grade fever, 
chills, and a general feeling of malaise were seen [186]. The antibody 
reactions to the mRNA-1273 vaccination were related to the vaccine 
dosage utilized. mRNA-1273’s most frequent side effects are weakness, 
chills, headache, myalgia, and injection site pain. The overall effec-
tiveness of this vaccine was 94.1% in escaping COVID-19 sickness [176]. 
This vaccine immunogenicity continued no less than 3 months. The 
second vaccine is provided 90 days after the previous vaccination [101]. 
There are a few negative occurrences. Swelling, redness at the vaccine 

site, and other areas of pain caused by the Moderna vaccine [178,186] 
weakness, headache, chills, vomiting, arthralgia, myalgia, urticarial. 
These clinical symptoms were mild and tolerable after the primary 
dosage of the vaccine. However, after the second dose of the vaccine, the 
undesirable effects were moderate to deadly [102,178]. Besides, facial 
swelling and Bell’s paralysis have also been reported [178,187]. The 
Moderna vaccine is much easily transported compared to the Pfizer 
vaccine because it is easily transported at − 4 Fahrenheit [178]. 

Pfizer-BioNTech and Moderna have shown the most effective leading 
antibodies using nanotechnology with the mRNA stage [103]. Two 
dosages of the Pfizer-BioNTech and Moderna COVID-19 vaccines are 
essential for good resistance [172]. It should be highlighted that the 
hazard of neurological complications or any other opposing impact 
related to COVID-19 immunization is low at both the individual and 
social levels, and the advantages of vaccination overcome any potential 
risks or side effects [104]. 

4.3. Gamaleya vaccine 

Russian vaccine, which is based upon two adenovirus vectors, was 
industrialized by the Gamaleya National Center of Epidemiology and 
Microbiology (Moscow, Russia). Russa was the premier country in the 
world that authorized a COVID-19 vaccine by approving the Gamaleya 
vaccine (referred to as Sputnik V/Gam-COVID-Vac) [105]. This 
endorsement was given after the phase I trial (38 people) without any 
published results report [188]. The efficacy of Sputnik V is 91.6% based 
on 19,866 volunteers who received two separate doses (with a 21 days 
interval) [189]. The first dose consists of recombinant adenovirus 26 
(rAd26), while the second one is rAd5. Both recombinant adenovirus 
vectors contain the gene for the full-length glycoprotein S of 
SARS-CoV-2 [190]. Developers expect to have more immune responses 
by using two different vectors. This vaccine can be kept in 2–8 ◦C in the 
refrigerator, which makes this vaccine easy to transport and distribute 
[191]. 

Studies show that Sputnik V has around 92% efficiency in the phase 3 
trial without significant side effects. Side effects of this vaccine, even 
minor complications, are registered in less than 0.1% of cases that take 
Sputnik V, counting even slight body temperature reaction, slight pain 
around the injection site, weakness, and low energy. In the trial phase of 
this vaccine, 4 deaths were reported. Evidence shows that none of them 
was related to the Sputnik V vaccine [192,193]. 

Fig. 15. (a) These types of vaccines consist of a lipid 
nanoparticle carrying mRNA molecule. The ribosome 
would translate this mRNA to make S proteins of SARS- 
CoV-2, which cause an immune response in the human 
body. (e.g., Pfizer-BioNTech, Moderna) (b). Recombinant 
adenovirus vaccines are adenovirus vectors that carry a 
DNA molecule (the S protein gene) to the host cell. The 
RNA polymerase would transcribe the DNA in these viral 
vectors to generate an mRNA. Ribosomes translate this 
mRNA molecule to produce S proteins of SARS-CoV-2 (e.g., 
Gamaleya, AstraZeneca-Oxford, Cancino, Janssen). 
Graphics are created with Biorender.com.   
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4.4. AstraZeneca-Oxford vaccine 

The British-Swedish Company AstraZanca and Oxford University 
developed a vaccine based on a recombinant chimpanzee adenovirus 
vector (ChAdOx1 nCoV-19 (AZD1222)). Studies reported that the effi-
cacy of this vaccine (Vaxzevria) is 82.4% after receiving the second dose 
with 21 days’ interval. In contrast, the effectiveness is 76% after 90 days, 
while there is no second injection. It is not clear how long this first dose 
can protect the body against SARS-CoV-2 (24). The AstraZeneca-Oxford 
vaccine is cheap in comparison to Pfizer-BioNTech and Moderna mRNA 
vaccines. This vaccine can be stored in a refrigerator for transportation 
and distribution [191]. In adults of all ages, the advantages of Vaxzevria 
outweigh the dangers; nonetheless, infrequent occurrences of blood 
clots and low blood platelets have been reported following vaccination. 

The most prevalent side effects include mild-to-moderate symptoms 
like headache, fatigue, muscle or joint pain, fever, chills, and nausea. In 
addition, some vaccination components may cause an allergic response. 
The symptoms may contain hives, swelling, a rash, and respiratory 
symptoms. Anaphylaxis, a severe and potentially life-threatening 
allergic reaction, has also been reported in a few cases. Anaphylaxis, 
on the other hand, is a highly unusual occurrence [21]. 

4.5. CanSino’s Ad5-nCoV vaccine 

Chinese one-shot vaccine is based on recombinant adenoviruses, like 
Gamaleya and AstraZeneca-Oxford vaccines. The Ad5-nCoV vaccine 
from CanSino uses adenovirus to deliver the SARS-CoV-2 genome 
through the cells [194]. The efficacy of this vaccine is 65.7% only by 
receiving one dose to prevent symptomatic cases. This vaccine was 
90.98% successful in severe disease prevention. According to clinical 
trials, this is being applied in the following countries: Pakistan, Mexico, 
Russia, Argentina, and Chile [175]. 

This vaccine is effective with a single dose and can achieve dual 
protection, humoral and cellular immunity simultaneously. This vaccine 
is impressive for older adults. Because no serious side effects were 
monitored based on phases two and three of the trials that involved 
elderly participants. CanSino’s Ad5-nCoV vaccine has 65.7% efficacy 
against symptomatic COVID-19 cases and 90.98% against severe dis-
eases. Rare side effects are reported for this vaccine, for example, fever, 
headaches, and pain in the injection site [21,195]. 

4.6. Janssen vaccine 

Janssen (the pharmaceutical wing of Johnson & Johnson) developed 
a vaccine based on recombinant human adenovirus (Ad26. COV2). 
Janssen launched two separate phases III, one of them with two doses 
and only one shot, to evaluate the effectiveness of separate injections 
[196]. COVID-19 vaccine of Johnson & Johnson is a single dose vaccine 
and should be stored at 2–8 ◦C in a dark place [175]. FDA and EUA have 
approved Janssen for individuals aged 18 years and older [197]. 

At first, the Johnson & Johnson vaccine was specified to generate 
and release antibodies against SARS-CoV-2 in 90% of people by 
receiving the first dose of the vaccine. The antibodies quantity was 
higher for those who obtained two doses of the vaccine. Results reported 
by Johnson & Johnson show that the first dose of the Johnson & Johnson 
vaccine was 66% effective in prohibiting moderate to severe COVID- 
19% and 100% effective in defending against COVID-19–related hos-
pitalization and death [110]. 

Primary evidence indicates that the asymptomatic infection, in 
which a person is infected with the COVID-19 virus but does not become 
sick, may be prohibited by the Janssen vaccine. However, this vaccine 
has some secondary effects too. The most common side effects include 
mild-to-moderate symptoms: pain at the injection site, headache, fa-
tigue, muscle aches, and nausea. The majority of these adverse effects 
occurred within 1–2 days after vaccination and remained for 1–2 days 
[198]. 

4.7. EpiVacCorona 

The second leading Russian vaccine has developed by the vector 
institute in Novosibirsk named EpiVacCorona. EpiVacCorona, instead of 
using complete viruses, relies on synthetic peptide antigens subset of 
SARS-CoV-2 antigens. This process, including recreating the spike pro-
tein, uses virus fragments to elicit an immune response [111]. The 
vaccine (EpiVacCorona) is an intramuscular suspension containing 
chemically synthesized immunogen peptides of the S antigen of the 
SARS-CoV-2 Coronavirus joined to a carrier protein adsorbed on 
aluminum hydroxide. This vaccine should be used in two separate in-
jections with 21–28 days intervals [199]. According to the phase, I and II 
of clinical trials, local vaccine administration responses were moderate, 
except for a brief discomfort at the injection site. There was no proof of 
local or systemic developing side effects. In 100% of the volunteers, the 
two-dose vaccination system triggered the development of unique an-
tibodies for the antigens. Seroconversion with a neutralizing antibody 
titer of less than 1:20 was observed in 100% of the volunteers 21 days 
after the injection [200]. The results for phase III of the clinical trial have 
not been published yet. This study contains 2250 volunteers who will be 
vaccinated twice by a dose of 0.5 mL and 750 volunteers who will 
receive the placebo twice at a dose of 0.5 mL [198]. 

For this vaccine, minimum side effects have been reported. Volun-
teers in Phase I and Phase II of the trials have shown minor soreness 
around the injection area, which passed rapidly. No other adverse 
symptoms were reported [198]. 

4.8. Novavax’s NVX-Cov2373 vaccine 

Novavax’s NVX-Cov2373 vaccine induces an immune response by 
using a stabilized version of the coronavirus spike protein in 2 doses 
[201]. Novavax used recombinant nanoparticle technology to generate 
antigens acquired from the coronavirus spike protein. Additionally, this 
company utilized its Matrix-M™ as an adjuvant. Pre-clinical studies 
have shown that this adjuvant helps the vaccine bind more efficiently to 
human receptors targeted by SARS-CoV-2 [193]. Matrix M1 is a 
saponin-based adjuvant. Saponins are derived from the Quillaja sap-
onaria Molina tree bark and are formulated separately with phospho-
lipids and cholesterol to form matrix fragments (40 nm cage-like 
structures) [202]. The adjuvant (Matrix M1) is dose-sparing since the 
lower 5 µg dosage of N.V.X. CoV2373 performs similarly to the higher 
25 µg dose. NVX-Cov2373 should be saved at 2–8 ◦C that facilitates its 
transportation [198]. Novavax SARS-CoV-2 vaccine is 95.6% effective 
against the original variant of SARS-CoV-2. This vaccine is also 85.6% 
and 60% effective against B.1.1.7 and B.1.351 variants separately [9] 
(Table 9). 

5. Mechanisms of vaccines 

FDA has approved different types of vaccines that are being used in 
various countries. Each vaccine’s functional mechanism in the body is 
unique. In this section, we briefly introduce these mechanisms. 

5.1. mRNA vaccine 

The dynamic element that encodes the viral spike glycoprotein (S) of 
SARS-CoV-2 is the nucleoside modified messenger RNA (modRNA). This 
mRNA acts as a template for producing the specific protein that initiates 
the host’s immune response against the virus. The mRNA in mRNA 
vaccines is wrapped in LNPs, which aids in the RNA transport and 
protects it from degradation with salts that function as a buffer. Another 
consideration is sucrose, which serves as a cryoprotectant [103]. The 
LNP-mRNA cargos enter muscle cells via endocytosis shortly after 
infusion, and then the mRNA is transcribed. Subsequently, invading 
antigen-presenting cells(APCs) can be recruited by a network of blood 
arteries next to the muscles [203]. The vaccine molecules then collide 
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with the membrane and penetrate the cells. Afterward, the mRNA is 
released and then translates inside the host to produce the SARS-CoV-2 S 
protein [204,205]. spike proteins are then assembled to form spikes that 
travel to the cell’s surface and stick out their tips from the membrane. 
Besides, the vaccinated cells start fragmentation of a few spike proteins 
so that the immune system can recognize them. When an immunized cell 
dies, it leaves a lot of spike proteins and protein fragments behind, which 
can be picked up by special immune cells called antigen-presenting cells. 
The antigen-presenting cells have to exhibit the pieces of the uptaken 
spike protein on its surface. After that, helper T cells, another type of 
Immune cells, detect these pieces and blow the whistle for the B cells and 

offer assistance to them for fighting the infection. When B cells contact 
coronavirus spikes on the surface of vaccinated cells or free-floating 
spike protein, they attach to it, draw it inside and show spike protein 
fragments on its surface. If these B cells are activated by helper T cells at 
that point, they will multiply and produce antibodies against the spike 
protein. These antibodies target coronavirus spikes, label the virus for 
destruction and prevents sickness by preventing the spikes from joining 
alternative cells. Antigen-presenting cells can also activate a type of 
immune cell known as a killer T cell, which will hunt out and destroy 
any coronavirus-infected cells with spike protein fragments on their 
surfaces [206]. The mechanism is shown in Fig. 16. 

Table 9 
The comparison of 8 leading vaccines.  

Vaccine Technology Efficacy Dosing Route of 
Administration 

Storage condition Status 

mRNA 95% 2 Doses (28 
days interval) 

Intramuscular -80 ◦C to − 60 ◦C Or 
-25 ◦C to − 15 ◦C (2 
weeks) 

Approved in U.S., other countries. 
Emergency use in E.U., other 
countries. 

mRNA 94.10% 2 Doses (28 
days interval) 

Intramuscular -25 ◦C to − 15 ◦C Or 
2–8 ◦C (30 Days) 

Approved in Switzerland. Emergency 
use in U.S., E.U., other countries. 

Recombinant 
Adenovirus 

91.60% 2 Doses (21 
days interval) 

Intramuscular 2–8 ◦C Emergency use in Russia, other 
countries. 

Recombinant 
Adenovirus 

82.40% 2 Doses (21 
days interval) 

Intramuscular 2–8 ◦C Approved in Brazil. Emergency use 
in U.K., E.U., other countries. 

Recombinant 
Adenovirus 

65.70% 1 Dose Intramuscular -25 ◦C to − 15 ◦C Approved in China. Emergency use 
in other countries. 

Recombinant 
Adenovirus 

77% 1 Dose Intramuscular 2–8 ◦C Emergency use in U.S., E.U., other 
countries. 

Protein – 2 Doses (21 
days interval) 

Intramuscular 2–8 ◦C Approved in Turkmenistan. Early use 
in Russia. 

Protein 95.60% 2 Doses(21–28 
days interval) 

Intramuscular 2–8 ◦C –  

Fig. 16. Mechanism of mRNA-based vaccines.  
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5.2. Protein-based vaccines 

To produce the vaccine, researchers used a modified spike gene. 
Researchers inserted the gene into another virus, a baculovirus, which 
can infect moth cells at the first step. This method of growing and har-
vesting viral proteins is already used to make Influenza and HPV vac-
cines. Then, the spike proteins are collected and linked to nanoparticles. 
Afterward, the nanoparticles imitate the molecular structure of a 
Coronavirus that cannot replicate or cause disease. Then the vaccine is 
ready for injection. Each injection into the arm muscles includes many 
spike nanoparticles coupled with a special compound drawn out from 
the soapbark tree, which is very practical in the food and drug industry. 
This compound absorbs immune cells to the muscles of the arm and 
makes them respond highly to the vaccine. Antigen-presenting cells, 
another immune cell, identifies the nanoparticles for the virus and take 
them up. An antigen-presenting cell chops the spike proteins and ex-
hibits some of the fragments on its surface. The helper T cell has some 
surface proteins that can identify the spike fragments, and if a particle 
fits into the surface proteins, the helper T cell becomes active. Now the 
helper T cell can warn other immune cells to feedback to the nano-
particles. Then for making antibodies, B cells may also identify the 
vaccine nanoparticles. B cells have various surface proteins as well, and 
some of them have the right shape to attach to the spike protein so it can 
swallow the particle inside and unfold the spike protein fragments on its 
surface. If an activated helper T cell is attached to one of the fragments, 
it activates the B cell. Then the B cells increase in number and produce 
large amounts of antibodies into the environment. Antibodies are similar 
to surface proteins. As a result, if vaccinated people are later exposed to 
the Coronavirus in any way, their antibodies can attach to the spike 
proteins. Thus the Coronavirus cannot enter cells, and the infection is 
blocked. This vaccine can also stimulate another kind of protection by 
killing infected cells. When coronavirus infects a cell, they unfold frag-
ments of the spike protein on their surface. Also, Antigen-presenting 
cells can activate killer T cells, which can identify covid19-infected 
cells and kill them as soon as possible before they become able to 
make new viruses [207] (Fig. 17). 

5.3. Adenovirus-based vaccines 

This vaccine has been produced by adding the coronavirus spike 
protein gene into different adenoviruses, such as Ad26 and Ad5. These 
adenoviruses can invade cells but can’t replicate. In the Gamaleya 
vaccine, both of these adenoviruses have been used. In the CanSino 

vaccine, the coronavirus spike protein gene was converted to Ad5, and 
in Janssen, Ad26 was utilized. However, the Oxford-AstraZeneca team 
utilized ChAdOx1, a modified variant of a chimpanzee adenovirus. 

After vaccination, these adenoviruses strike towards cells and plug 
into their surface proteins. Then the cell swallows the virus. Afterward, 
the virus migrates to the nucleus, and the cell starts producing spike 
proteins. Some spike proteins get fragmented and go to the cells’ surface 
and stick out their tips. 

As said above, the antigens are recognized by special immune cells 
(antigen-presenting cells, T helper cells, and B cells), and antibodies are 
produced. If the virus invasion happens again, antibodies can lock onto 
coronavirus spikes, label the virus for destruction and prevent infection 
[199]. 

The mechanism of this vaccine is shown in Fig. 18. 
The critical issue concerned researchers is that immune systems 

could reply to an adenovirus vaccine by producing antibodies, making 
the second dose ineffective. The Russian vaccine has solved this problem 
by utilizing two adenoviruses, Ad26 for the first injection and Ad5 for 
the second dose. 

COVID-19 Adenovirus-based vaccinations are more durable than 
Pfizer and Moderna’s mRNA vaccines. Because, one, The adenovirus’s 
strong protein shield helps safeguard the genetic information (DNA) 
within and two, RNA is much more sensitive and delicate than DNA. As a 
result, adenovirus-based vaccines can be stored in the refrigerator and 
do not require minimum storage temperatures (− 80c) [198]. 

5.4. Inactivated virus vaccine 

Viruses can be inactivated and though non-infectious through 
various chemical or physical methods. Defective viruses contain 
different viral proteins for the immune system to recognize and make 
antibodies against them. So, effective vaccines against viral diseases like 
influenza can be developed by using defective viruses [208]. Many 
companies like Sinopharm, Sinovac, Sinopharm-Wuhan, and Bharat 
Biotech use inactivated Methode in SARS-CoV-2 vaccine production. 

For inactivating the virus, chemicals, heat, or radiation are used to 
destroy the genetic material of the virus, which will stop its replication. 
For example, the BBIBP-CorV vaccine that is constructed by Sinopharm 
company is developed using the inactivated COVID-19. Scientists choose 
1 out of 3 covid samples from three individuals for the basis of the 
vaccine. Beta-propiolactone is the chemical used for the coronavirus’s 
inactivation. It remodels the virus’s genetic substance not to replicate, 
but the virus’s proteins, including spike, remained intact. Other 

Fig. 17. Mechanism of protein-based vaccines.  
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companies have also utilized very similar methods in producing COVID- 
19 inactivated vaccines. These companies produced vaccines containing 
an adjuvant called aluminum hydroxide to improve the vaccine’s 
effectiveness [193]. 

As previously stated, the humoral immune system is activated 
following the injection. Antigen-presenting cells capture inactivated 
viruses that have entered the body and display fragments of the viruses’ 
spike proteins on their surface. Following that, the T helper cells activate 
the B cells, resulting in the production of antibodies. The mechanism has 
indicated in Fig. 19. 

After the vaccination is completed, with the help of the antibodies 
that cover the invaders’ antigens, the immune system can respond to 
active coronavirus infection. Antibodies that bind to the spike protein 
can stop the virus from infecting cells and stop the disease [198]. 

5.5. Other types of COVID-19 vaccines 

Tobacco plants were initially used to generate antibodies to create 
vaccinations. The United States Department of Agriculture (USDA) has 
authorized the world’s first plant-based vaccination for the Newcastle 
disease virus (NDV) in poultry. COVID-19 plant-based vaccines can be 

made by producing the antigenic component of SARS-CoV-2 to induce 
active immunity or by expressing the virus’s antibodies to offer passive 
protection [209]. Several proof-of-concept studies have looked at the 
possibilities of using plant expression systems to develop vaccines for 
respiratory diseases such as SARS, influenza, tuberculosis, and anthrax. 
The sustained S protein (S1) production in tomato and low-nicotine 
tobacco plants was used in a plant-based vaccination against SARS. 
Preclinical investigations on mice revealed that the plant-derived 
vaccination elicited an antibody response. Recombinant SARS-CoV N 
protein generated transiently in N. benthamiana was found to be 
immunogenic in another research. After the third parental injection, the 
tobacco-produced recombinant N protein substantially stimulated the 
humoral immune response. Previous research can aid in the design and 
development of an efficient plant-based vaccine against SARS-CoV-2. 
Since the virus sequence was made, there are 6 plant-based vaccines 
in pre-clinical studies and 2 in clinical studies (As of 13 August 2021) 
[210]. 

Intranasal vaccination is one of several ways of improving immunity 
in mucosal organs such as the oral, pulmonary, conjunctiva, rectal, and 
vaginal mucosa. Intranasal vaccinations are used to stimulate the res-
piratory tract’s mucosal immune system in principle [211]. SARS-CoV-2 

Fig. 18. Mechanism of Adenovirus-based vaccines.  

Fig. 19. Mechanism of inactivated virus vaccine.  
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is a mucosal virus that infects people through the nose and mouth in 
most cases. Its most efficient transmission mode is by breathing droplets, 
which are subsequently passed on to other people. Compared to sys-
temic, IgG-only humoral and T-cell responses, a vaccination that also 
induces protective mucosal responses mediated by IgA is more likely to 
decrease transmission [212]. Mucosal lymphoid tissues (MALT) of the 
nasopharynx (also known as nasopharynx-associated lymphoid tis-
sue—NALT) and bronchus-associated lymphoid tissue (BALT) of the 
lungs are examples. Intranasal vaccination of mice with a recombinant 
adenovirus-based vaccine expressing Middle East respiratory syndrome 
coronavirus (MERS-CoV) spike proteins resulted in T lymphocytes in the 
respiratory airway and lungs [211]. 

5.6. Application of nanotechnology in COVID-19 vaccine development 

An efficient packing mechanism is essential to avoid RNA degrada-
tion before delivery to the host translational machinery. Cationic lipid 
nanoparticles, initially designed for nucleic acid delivery in cancer 
immunotherapy and other vaccine applications, can help meet this need. 
Using cationic lipids, mRNA is efficiently condensed into solid lipid 
nanoparticles that host APCs may take up through endocytic or phag-
osomal routes. On the other hand, full-length spike protein or viral 
components can be encapsulated or self-assembled into nanoparticles as 
an option to using nanoparticles for CoV-2 vaccine development [213]. 
Nanoparticles not only protect the antigen’s native structure but also 
enhance antigen delivery and presentation to antigen-presenting cells 
(APCs). Many biological systems, including viruses (particularly 
SARS-CoV-2) and proteins, are nanosized. Therefore vaccination nano-
carriers provide some advantages [214]. Nanoparticles can be delivered 
by oral and intranasal routes and subcutaneous and intramuscular in-
jections, overcoming tissue barriers and targeting critical sites such as 
lymph nodes, mucosal, and epithelial barriers (airway, nasal, gastroin-
testinal, etc.) [215,216]. Another strategy of applying nanotechnology 
in vaccine development is VANs (vaccine adjuvant nanoparticles), 
which are considered to increase the overall effectiveness and safety of 
the immune response induced. Vaccine adjuvants are essential, espe-
cially in the case of the COVID-19 pandemic, for decreasing the needed 
antigen dosage (dose-sparing), allowing for the manufacture of more 
units, and making it available to a broader population [213]. 

6. COVID-19 global vaccination 

The current coronavirus disease (COVID-19) vaccination program 
seeks to attain worldwide vaccination coverage, which will aid in 
pandemic control. As a result, individuals who refuse to be vaccinated or 
forego COVID-19 vaccination may slow overall vaccination coverage, 
resulting in lower vaccination rates, and may obstruct global efforts to 
control the spread of SARS-CoV-2 unvaccinated individuals can act as 
SARS-CoV-2 reservoirs, causing more outbreaks [217]. According to the 
WHO, vaccine hesitancy is one of the most serious threats to global 
health [218]. The importance of social attitudes in developing herd 
immunity cannot be overstated. It’s also worth noting that, to ensure a 
successful and effective vaccination program, governments and social 
media should motivate individuals to collaborate to address the public 
health problem while also giving information to alleviate their fears. 
Survey research in many countries have revealed varied vaccine 
acceptance percentages, indicating that vaccine hesitancy must be 
addressed from the start of immunization programs. Concerns about the 
distribution of vaccinations and how they are delivered are also signif-
icant concerns for COVID-19 immunization. People are sorted into 
groups based on their vaccination priority. First, this is critical for 
ensuring a fair and equitable distribution of vaccinations worldwide to 
respond effectively to the SARS-CoV-2 pandemic [219]. A proper 
vaccination distribution, according to the Centers for Disease Control 
and Prevention (CDC), will contain the following: Phase 1a involves 
vaccination of healthcare personnel and long-term care residents; Phase 

1b involves essential frontline employees and persons over the age of 75, 
and Phase 1c affects people aged 65–74 or 16–64 with underlying 
medical problems and other essential workers. Following that, when 
vaccination doses become available, more categories will be included. 

Nonetheless, scientists estimate that distributing COVID-19 vacci-
nations to the general public would take 6–12 months, involving various 
challenging conditions to manage [220]. The affluent nations have 
already secured 60% of the entire coronavirus disease (COVID-19) 
vaccine supply for their populations. Vaccine dosages adequate to 
vaccinate their people several times have been preordered in some of 
these nations. Only by guaranteeing equitable access to COVID-19 
vaccines will global vaccination coverage be attained. COVAX is a 
worldwide movement organized by WHO, the Coalition for Epidemic 
Preparedness Innovations, and Gavi, the Vaccine Alliance, that gua-
rantees equitable access to COVID-19 vaccines [221]. 

7. Conclusion 

COVID-19 is a lethal pandemic disease that needs urgent global 
attention to prevent more disasters, including significant social, psy-
chological, and economic dilemmas. Coronavirus can cause severe 
permanent respiratory syndromes and other organs malefunctionality 
and in some cases death. Thus, it is vital to develop fast, cheap, reliable, 
and accurate diagnostic systems and efficient therapeutic approaches for 
treating COVID-19. There are no specific antiviral drugs available at the 
moment for COVID-19, but many clinical trials are going on, and lots of 
potential herbal/chemical treatments are being used. Here, in this 
comprehensive review, we have tried to gather the most recent and 
updated information about different coronavirus mutations, approaches 
for the detection of coronavirus, approved chemical and herbal drugs for 
COVID-19 treatment and developed vaccines and their mechanism. 
Although, among all mentioned therapies, vaccination is the most 
promising approach to reduce mortality and permanent side effects of 
this disease. But, some people refuse to be vaccinated cause slowing 
overall vaccination coverage, resulting in lower vaccination rates, and 
may obstruct global efforts to control the spread of SARS-CoV-2. 
Therefore, governments and social media should motivate individuals 
to collaborate to address the public health problem meanwhile giving 
information to alleviate their fears. Hope this paper could pave the way 
of researchers to find more efficient solutions to control this pandemy. 
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