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ABSTRACT

As new and changing SARS-CoV-2 variants are discovered, there is an increasing demand for more adaptable
diagnostic tools capable of detecting SARS-CoV-2 infections. The wide range of symptoms experienced by infected
individuals and unexpected variants make it more challenging than ever to create quick and accurate diagnostic
tools. Pharmaceutical treatments and vaccinations are continually designed to strengthen the immune function and
successfully combat SARS-CoV-2 and its variations. The discovery of new SARS-CoV-2 mutations and variants,
along with the advancement of diagnostic methods that make it possible to identify them, have brought up a number
of urgent issues that are covered in this review from a completely fresh perspective. Additionally, we go over the
creation, composition, operating principles, benefits, and downsides of some of the most popular vaccinations and
therapeutic medications, as well as the ensuing immunological influence.
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1. INTRODUCTION

SARS is the first disease of the twenty-first century
with the potential for a global outbreak. Around the middle
of November 2002, the virus was first discovered in
China’s Guangdong Province!. In December 2019, clinical
indicators of a cluster of pneumonia patients with viral
pneumonia initially surfaced in Wuhan, Hubei, China.
Samples from the lower respiratory tract were extensively
sequenced to search for a new corona virus'. Severe Acute
Respiratory Syndrome Corona virus 2 (SAR-CoV-2) was
officially renamed Corona virus 2019 (COVID-19) on
February 11, 2020 by WHO. Respiratory failure, a high
body temperature, coughing, fatigue, pneumonia, and
muscle pain are symptoms of the sickness®.

Corona viruses (CoVs) are found in the Coron
avirdiae family, a subfamily of the Corona virinae
family, and the order Nido virales. These viruses are
distinguished by their enclosed, positive sense, single-
stranded RNA structure and average size of 80-220 nm.
The distinctive shape found under electron microscopy
resembles a coronal arrangement (Fig. 1). Developing
acquired immunity against the pathogen referred to as the
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severe acute respiratory syndrome corona virus (SARS-
CoV-2) is the main objective of COVID-19 immunization.
The assessment of the current SARS-CoV-2’s structure
and pathogenic processes has been considerably supported
by knowledge gained from previous outbreaks of corona
viruses with characteristics similar to SARS and the
Middle East Respiratory Disease (MERS).

There are no known mechanisms or modes of
transmission for the SARS and MERS viruses. SARS-
CoV and MERS-CoV spread predominantly by nosocomial
transmission. During each pandemic, hospitals had a
43.5-100 % association with MERS patients, equivalent
to SARS patients®.

Spike protein (S protein)

Nucleocapsid protein

Figure 1. Schematic of structure of SARS-CoV-2.
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The Target Product Profile states vaccinations
desired and minimally desired features*. These critical
characteristics of vaccine include: (1) Vaccines have
a very favorable benefit-risk profile in terms of
protection and immunogenicity, with only slight,
transient adverse events; (2) Vaccines generate at least
70 % effectiveness when evaluated for population-
level efficiency against illness, serious disease, and
“shedding/transmission,” with similar outcomes in older
people; (3) Vaccinations are designed to address all
age groups within a given population; (4) One dose
of the vaccine can be administered, and annual or
less regular booster shots can ensure immunity for a
long time; (5) Specific protection lasts for at least a
year; (6) In order to improve epidemic control, non-
parenteral delivery techniques are being researched;
(7) Thermo stable vaccines are designed to tolerate
higher temperatures, allowing for increased temperature
stability and (8) Multi-dose vaccine generation can
be scaled up at a price that makes them generally
accessible, even in nations with middle- or low-
income levels.

In this review, we give a fresh perspective on the
issues that have developed as a result of the emergence
of novel SARS-CoV-2 mutations and variations, as well
as the advancement of diagnostic technologies that allow
them to be identified. We also discuss how some of the
most popular vaccines and treatments were created, how
they were assembled, how they worked, what benefits
and drawbacks they had, and how this affected how the
immune system responded.

2. DETECTION OF SARS-COV-2

As more SARS-CoV-2 variations are found and
created, the demand for adaptable diagnostic tools for
identifying SARS-CoV-2 infection grows. The incidence
of mutations, on the other hand, and the symptomatology
reported by affected patients, make it more difficult to
develop quick and accurate diagnostic techniques. Methods
for detecting SARS-CoV-2 primarily rely on certain viral
proteins, nucleic acids, or antiviral antibodies?.

2.1 Nucleic Acid

Genetic material detection is currently a regularly used
method for the clinical detection of SARS-CoV-2 infection.
According to research, nose swab samples are the most reliable
way to conduct tests because of their high sensitivity rate
of 97 %, which is higher than that of alternative sources
including oral swabs (85 %), nasopharyngeal swabs (86 %),
and oropharyngeal swabs (68 %) RT-PCR detects particular
viral RNA sequences from the Envelope, Nucleocapsid, Spike,
and ORF1lab domains®. The accuracy of this method can be
endangered by viral changes, resulting in unexpected test
results and incorrectly negative outcomes'?. VOC-specific
primers for real-time PCR detection are being developed.
In this study, two innovative PCR-based techniques for
identifying and distinguishing VOCs from common SARS-
CoV-2 strains were examined.
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LAMP, or loop-mediated isothermal amplification,
was initially created as a fast, dependable, and cost-
effective replacement for conventional RT-PCR-based
diagnostics'. This approach shows accuracy as it uses
6-8 primer sequences to pinpoint eight distinct target
locations. The review is commended for emphasizing the
SARS-CoV-2 pathogen’s E and N genomic transcripts.
The sensitivity and specificity of the CRISPR-Casl3
assays are both greater than 95 %",

SARS-CoV-2 can be identified using gene microarray
technology, namely the 60-mer DNA microarray'. The
probes affixed to the surface of the microarray were used
to examine the entire viral DNA. The RNA extracted
from SARS patients’ pharyngeal biopsies and gargle
fluid samples was used to generate CDNA by reverse
transcription. The CDNA was then broken up and visualized
using restriction display technology. Before developing
PCR-based hybridization, Cy5-tagged universal primers
were employed to label the fragmented DNA. Despite the
absence of signals in the negative and blank controls, the
data show that microarray technology can differentiate
the SARS coronavirus’.

Next-generation sequencing (NGS) technology can
be utilized to detect and comprehend the SARS-CoV-2
virus. Despite the dependability and accuracy of NGS
systems, their implementation is frequently hampered by
a lack of funding and expertise®.

2.2 Antibodies and Immunoassays

Various antigen-based immunoassays such as
immunefluorescence tests, lateral flow tests, chemiluminescent
immunoassays, and ELISA can be employed to accurately
detect SARS-CoV-2 infections. Saliva, nasal swabs,
and nasopharyngeal swabs are only a few clinical
samples for which commonly accessible assays have
proven beneficial’. The primary goal of SARS-CoV-2
detection is the identification of two critical proteins,
specifically the S and N proteins. The efficiency of these
diagnostic procedures is greatly impacted by factors such
as the severity of the sickness and the amount of virus
present. The current research looks into antigen-based
immunoassays’ detection rate using modern sensing and
biosensor technology®.

2.3 Detection Utilising Antibodies

The early detection of SARS-CoV-2 patients using
antibody-based detection techniques is anticipated to
be less successful than nucleic acid and antigen-based
detection strategies. This is because antibody reactions
commonly occur two weeks following infection when
virus nucleic acid and antigen levels are at their lowest!’.

Antibodies made against the SARS-CoV-2 viral
antigen are precisely detected using a variety of binding
techniques, including immuno fluorescence analysis,imm
unochromatography,chemiluminescence tests, and ELISA.
These devices have the capacity to produce antibodies that
bind to viral illnesses’ S and N proteins with excellent
specificity. Blood’s immunoglobulin M/IgG ratio can be
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measured using a variety of commercially available
tests’. Humoral immunological reactions to SARS-
CoV-2 can be found using straightforward blotting
techniques. Typically, they are capillary-based, high-
speed automated methods for identifying human IgG
reactions against the five main SARS antigens in
either plasma or serum samples'.

2.4 Nanotechnology-Based Methods

The diagnosis process is fairly simple, and the
test is successful when the hue changes in the presence
of plasmonic gold nanoparticles. For this test, DNA
sequencing or other complex scientific procedures are not
required. Using this method, virus RNA can be found on
the first day of transmission''.

RNA is extracted within 10 minutes of collecting
saliva from the patient’s lips or nasal mucosa. The assay
looks for specific proteins using gold nano particles.
The liquid solution turns blue when the biosensor’s
gold nano particles are connected to the virus’s DNA
sequence (Fig. 2). The accuracy of the COVID-19 test
is critical to understanding infection. In other words,
whether or not the pathogen is present, the result
will not be wrongly negative or positive. According
to various currently available diagnostic procedures,
the illness is difficult to detect for several days after
infection'?. As a result, many of these studies’ adverse
conclusions must be revised. The authors conclude
that because it does not require laboratory setup
or specialist employees to administer and evaluate,
this test is substantially less expensive to create and
utilize than laboratory tests. This procedure complies
with FDA regulations. This strategy is applicable in a
variety of settings, including schools, nursing homes,
workplaces, and college campuses!'!.

3. VACCINES FOR SARS-COV-2 (COVID-19)
3.1 mRNA Vaccines

mRNA vaccines were discovered to be efficient
against a variety of viral infections. Lipid nanoparticles
in these vaccines maintain the perfusion and protect the
S protein-encoding mRNA when it enters the intracellular
space. The host generates the S protein through mRNA,
which results in a focused immune response. Studies show
that mRNA-based vaccines like Moderna’s mRNA-1273
and Pfizer-BioNTech’s BNT162b2 are more than 90 %
efficient!. This technique has several advantages, including
the ability to generate TH1 and TH2 responses and the
ability to create vaccines quickly'’. Both vaccinations
are administered in two doses through intramuscular
injection, but the timing of the second dosage varies
between BNT162b2 and mRNA-1273. The second dose
of BNT162b2 is given 21 days after the first, whereas
the second dose of mRNA-1273 is given 28 days after
the first.

In phase III clinical trials, BNT162b2 and mRNA-
1273 vaccination recipients displayed a protective
effectiveness of more than 90 % in people with no
known medical history. The BNT162b2 immunization,
according to Polack et al., prevents COVID-19 in people
who are 16 years old and older with a 95 % efficacy
rate and few serious adverse effects'.

Thompson ef al. claim that administering two doses
of mRNA vaccine results in a full immunization efficacy
of 90 %. The mRNA-1273 COVID-19 vaccine, on the
other hand, is only approved for adults 18 and older,
and administration is only permitted 14 days after the
second dosage. According to studies, the COVID-19
variants seen in South Africa (B.1.1.7) and the United
Kingdom (B.1.1.7) are well protected (95 %) against
the BNT162b2 vaccination (B.1.351)".
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Figure 2. Well formulated AuNPs mediating SARS-CoV-2 selected.
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The primary issue with mRNA vaccines is formulation
safety, as mRNA vaccines must be delivered and maintained
at specific temperatures to avoid mRNA breakdown.
Even if mRNA shots are a successful strategy to halt the
COVID-19 pandemic, more study is needed to demonstrate
the vaccine’s persistence and protection.

3.2 Protein Subunit Vaccines

Subunit vaccines are better than whole-virion
injections because there is a lower chance of contact
during production. The corona virus is able to penetrate
host cells thanks to the spike (S) proteins that are present
on their surface and are commonly used as therapeutic
and preventive targets's.

The NVX-CoV2373 vaccine fights the virus by
using the full SARS-COV-2 spike glycoprotein, which is
synthesized via the baculo virus-Spodoptera frugiperda
(S19) insect cell translation process. According to study,
using Matrix-M can increase immune responses by
improving antigen presentation and uptake by antigen-
presenting cells, as well as mobilizing, activating, and
maturing critical immune cells.

In the initial stages of examining the immunogenicity
and safety of NVX-CoV2373, baboons and cynomolgus
macaques were employed as nonhuman primate models.
The CD4 T cell response induced by this immunization
mainly produces IFN-c, IL-2, and TNF-a. NVX-CoV2373
is anticipated to have an 89.7 % success rate, according
to preliminary UK data. The UK strain (B.1.1.7) is
resistant to NVX-CoV2373, according to a noteworthy
finding from the same investigation'’.

3.3 Adenovirus Vector-Based Vaccines

The current SARS-Coronavirus-2 vaccines use
adenovirus DNA vectors. The genetic material in the
vectors encodes for the SARS-COV-2 spike glycoprotein.
Following the inoculation approach, the mRNA will soon
start the inoculated population’s production of the viral
spike protein.

3.3.1. AZDI1222

AZD1222 was developed in conjunction with
AstraZeneca and the University of Oxford. The method
uses an adenovirus that targets chimpanzees and has the
genetic code for the SARS-CoV-2 spike protein. This
study’s viral vector was based on the low-replication-
capacity chimpanzee adenovirus'’. Because of their high
immunogenicity and stable genomes, chimp vectors are
favoured for human vaccine research'®. Despite getting
only one dose of the immunization, they were still able
to produce strong CD8-T cell and antibody responses.
Chimpanzee adenovirus carriers pose no risk because
they do not disrupt any pre-existing antibodies to human
adenoviruses. The vaccine was effective against laboratory-
confirmed COVID-19 (71.42 %). The trial began 15 days
following the second dose and continued for two months
until the data collection requirement was reached. The
vaccine was still effective (63.09 %) at this point'.

There have been reports of thrombocytopenia, hemor
rhage, and arterial and venous thromboses related to
the administration of the AZD1222 vaccine, with such
events occurring between a few days to a few weeks
post-immunization. In general, the AZD1222 Vaccine’s
safety, immunogenicity, and effectiveness results show
promising potential.

3.3.2. Gam-COVID-Vac (Sputnik V)

The Gam-COVID-Vac (Sputnik V) vaccine was developed
by the Gamaleya National Centre of Epidemiology and
Microbiology, Moscow, using a heterologous recombinant
adenovirus approach. For the initial and subsequent
injections, the immunization technique uses two distinct
adenovirus vector categories, called rAd26 and rAdS5,
respectively. The questioned vectors include the entire
SARS-CoV-2 glycoprotein S gene?.

The provided vaccination did not cause any notable
adverse responses, according to the initial findings of phase
1 clinical studies. The frozen formulation outperformed
the lyophilized formulation in terms of neutralizing
antibody induction (49.25 vs. 45.95), IgG titre (14.703
vs. 11.143), CD4 (2.5 vs. 1.3) and CD8 (1.3 vs. 1.1) T
cell proliferation rates, and neutralizing antibody levels.

The phase 3 trial participants were given two
vaccination doses, one of rAD26-S and the other of
rADS5-S. According to the phase’s findings, the vaccine
will most likely have a 91.6% efficacy rate. The spike
protein produced by the B.1.1.7 and B.1.351 strains was
successfully neutralized by serum from a volunteer who
had received the Gam-COVID-Vac vaccination, according
to a recent study 2.

3.4 Whole Virus Vaccines

One of the earliest techniques used to create
vaccinations that prevented or treated viral infections
in the past involved the inactivation of entire viruses?2.
Inactivated viral vaccinations are reportedly less dangerous
than live attenuated virus vaccines, which contain the
entire pathogen and may transform back into its original
form and infect those with weakened immune systems?.

3.4.1 Corona Vaccine

A SARS-CoV-2 immunological adjuvant, Corona
Vac. (formerly PicoVacc), is also known as COVID-19
Vaccine (Vero Cell) Inactivated. The SARS-CoV-2
vaccination, specifically the CN2 strain, is also given.
The vaccine regimen was developed by Sinovac Biotech
Ltd. and consists of two doses of vaccine. The pathogenic
bacterium was isolated from affected people’s BALF and
then multiplied in large Vero cell cultures. After being
exposed to b-propiolactone for 24 hours, it became
inactive. lon-exchange chromatography and Size Exclusion
Chromatography were then used to purify it. Finally, it
was adsorbed onto an adjuvant of aluminum hydroxide?.

Several Corona Vac. dosages and administration
procedures were investigated based on the findings
and found to have comparable levels of safety and
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immunogenicity?. The study found that mild and moderate
cases were completely successful. Furthermore, the
efficiency against the need for assistance, as shown by
a WHO Clinical Progression Scale value of 3. Corona
Vac. had a 50 % efficacy rate in avoiding symptomatic
COVID-19 after a minimum of 14 days following the
second dose delivery, according to Palacios et al.’s
investigation.

According to a study conducted in Turkey, 83.5 %
(95 % CI1 65.4-92.1) of laboratory-confirmed symptomatic
COVID-19 people were resistant to Corona Vaccine. In
experiments conducted in Indonesia and Brazil, Corona
Vac. demonstrated a 65.3% (range: 20.0-85.1) effectiveness
against symptomatic COVID-19%,

3.4.2 Covilo; BBIBP-CorV

Sinopharm has created a pair of inactivated viral
vaccines, the Sinopharm BIBP, which is specifically designed
to tackle the COVID-19 virus. This study’s findings are
notable because they show that administering two 2 mg
doses of the BBIBP-CorV vaccine can effectively prevent
SARS-CoV-2 infection while not significantly increasing
the rate of antibody-dependent transmission?’. A study
comparing the efficacy of the AZD1222 vaccination
and another vaccine discovered that both provided
adequate protection against viral interstitial pneumonia
in inoculated macaques. According to one study, the
likelihood of adverse responses was low, and the vaccine
displayed remarkable immunogenicity. According to
early data from Bahrain and the UAE, BBIBP-CorV
has a 100 % efficacy rate in the treatment of severe
cases and a 78.1 % efficacy rate in the treatment of
problematic patients?:.

3.4.3 BBVI52 (COVAXIN)

According to one study, Bharat Biotech’s Covaxin
(BBV152) vaccine is 69 % effective. The vaccination
in issue has been rendered inactive through the use
of -propiolactone®. Gallamide, a toll-type receptor
7/8 agonist imid-azo-quinoline connected to alum, is
utilized as an adjuvant to target the disabled whole-
virion structure (Algel-IMDG). The formulation has
been proven to improve vaccination antigen localization
to drainage lymph nodes while lowering systemic
leakage. The Asp614Gly mutation is essential for
the production of Covaxin and defines the features
of this strain?®.

According to the findings, BBV 152 caused increased
immunological responses and a preference for T-helper-1
cells in T-cell reactions. According to physicians, the
most prevalent side effects in the Phase II experiment
were discomfort at the injection site, headaches,
weariness, and increased body temperature. After two
doses, phase III data for those with no prior history
of infection show an intermediate efficiency of 81 %
for avoiding COVID-193!. Emergency use authorization
(EUA) and storage conditions for various vaccines
are mentioned in table-1.

4. ANTIVIRAL DRUGS FOR SAR-COV-2

Corona viruses enter host cells by fusing and adhering
to the membrane. The virus penetrates the host cell and
stops replication with its own RNA-dependent RNA
polymerase®. Sofosbuvir, a highly effective hepatitis C
medication, was created by lowering RdRp with synthetic
nucleoside and nucleotide analogs®’. Remdesivir has been
proven to be effective. The viral RdRp4 active homolog,
which enters cells and assembles, blocks viral replication
by blocking the virus from reproducing. To restrict the
influence of analogs, exoribonuclease, an enzyme present
in coronaviruses, proofreads the RNA strand. Remdesivir
has the ability to avoid editing®?. While changed viruses
are less infectious, remdesivir resistance may be conferred
through laboratory-induced viral modification.

The FDA has approved molnupiravir, an antiviral drug,
to treat SARS-CoV-2 infection. When a virus replicates, the
antiviral medication inhibits the viral polymerase enzyme,
allowing adenosine or guanosine to be incorporated into
the viral genome. As a result, the virus’s ability to spread
is eventually lost. Several studies have proposed that the
most recent omicron form of the FDA-approved antiviral
medicine Paxlovid be used unrestrictedly to combat various
types of infection®*.

5. CHALLENGES

Considering tight isolation and quarantine regulations
in hospital settings, studies suggest that contact-based
transmission of SARS-CoV-2 is common®. A recent
study indicated that a considerable proportion of patients,
specifically 41 %, and medical professionals, specifically
29 %, had developed an infection®. The hospital setting
necessitates stringent surveillance owing to the grave
concern posed by this mode of transmission.

SARS-CoV-2 re-infection requires the presentation
of molecular proof of the virus at two independent time
intervals, as well as viral genomic sequencing data. The
existence of negative tests after a previous positive test
usually indicates the likelihood of reinfection rather than
permanent virus carriage®-’. Due to the lack of routine
sequencing capabilities in public health laboratories and
hospitals, suspected re-infection cases must be prioritised
based on clinical and laboratory standards before additional
investigations can be conducted. To detect possible SARS-
CoV-2 re infection cases, public health laboratories can
apply a guideline technique developed by the Centres for
Disease Control and Prevention (CDC)*. The suggestions
offered in this context recognize the possibility of RT-
PCR test results remaining positive for an extended period
after clinical symptoms have resolved, so addressing a
substantial barrier in the diagnosis of re-infections?®’.

6. FUTURE STRATEGIES

The impact of the COVID-19 pandemic on the global
economy, healthcare, and medical infrastructure have
prompted scientists to concentrate their efforts on developing
and standardizing SARS-CoV-2 quick diagnostic tests and
therapies®. COVID-19 spreads by human-to-human contact,



KUMARI, et al.: DEVELOPMENT OF NEW SCREENING METHODS FOR SARS-COV-2 AND ITS ASSOCIATED DEVELOPING

necessitating the use of point-of-care testing procedures
that do not necessitate the use of specialized facilities
or expensive laboratory equipment*. The development of
nasal mucosa vaccinations, which boost mucosal immune
responses and provide protection against infections by
stopping viruses from growing and evading the immune
system and vaccines, is a possible future strategy*'. To
get over this limitation, one approach is to produce
mucosal vaccines in nano particles while taking into
account the complex architecture of the human respiratory
epithelial mucosa. Mucosal vaccines can be administered
using niosomes or liposomes to improve penetration and
retention time*.

The therapeutic potential of stem cell treatment against
COVID-19 is being investigated in a number of studies
and clinical trials. Notably, Cao and colleagues’ mouse
study revealed that the SARS-CoV-2 virus’s entrance was
restricted in MSCs. The researchers use three different
types of MSCs to determine whether host epithelial cells
have the angiotensin-converting enzyme (ACE2) and
transmembrane serine protease 2 (TMPRSS2) receptors
required for viral endocytosis: umbilical cord (UC-MSCs),
placenta (PD-MSCs), and adipose-derived (AD-MSCs)*.
Although MSCs are unable to influence the expression
of both receptors in mouse lung tissues, they are unable
to stimulate the expression of both indicators (ACE2,
TMPRSS2) in macrophages and epithelial cells under
diverse inflammatory stressors. The study shows that the
fictional SARS-CoV-2 virus was unable to infect MSCs
and increased the risk of infection after therapy*.

7. CONCLUSION

SAR-CoV-2 detection using nucleic acid. Functional
nucleic acids, which include oligonucleotides and Nucleic Acid
Enzymes (NAEs), have piqued the interest of the medical
community due to their outstanding capacity to identify and
catalyze the target day with an 89 % success rate. RT-PCR
is a rapid method for detecting viral material. This method
uses the virion, nucleocapsid, plaque, and ORF1ab regions to
identify viral RNA. The application of LAMP may improve
the mobility of rapid testing methodologies. After extracting
RNA from the throat fluid and stones of SARS patients,
cDNA was generated by reverse transcription, fragmented,
and displayed using restriction imaging (RD) technology.
Before hybridization, PCR-fragmented DNA was tagged
with a CyS5 universal primer. Due to the increased time and
effort required for this technology, faster PCR fusion tests
that are comparable in reliability and frequently resemble
genome sequencing have emerged. Innovative sensors and
biosensors are being researched to improve the sensitivity
of antigen-based immunoassays.
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