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Abstract
The idiopathic Coronavirus disease 2019 (COVID-19) pandemic outbreak caused by the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) has reached global proportions; the World Health Organization (WHO) declared it as a public 
health emergency during the month of January 30, 2020. The major causes of the rise of new variants of SARS-CoV-2 are 
genetic mutations and recombination. Some of the variants with high infection and transmission rates are termed as variants 
of concern (VOCs) like currently Omicron variants. Pregnant women, aged people, and immunosuppressed and compromised 
patients constitute the most susceptible human population to the SARS-CoV-2 infection, especially to the new evolving 
VOCs. To effectively manage the pathological condition of infection, the focus should be directed towards prevention and 
prophylactic approach. In this narrative review, we aimed to analyze the current scenario of COVID-19 management and 
discuss the treatment and prevention strategies. We also focused on the complications prevalent during the COVID-19 and 
post-COVID period and to discuss the novel approaches developed for mitigation of the global pandemic. We have also 
emphasized on the COVID-19 management approaches for the special population including children, pregnant women, aged 
groups, and immunocompromised patients. We conclude that the advancements in therapeutic and pharmacological domains 
have provided opportunities to develop and design novel diagnosis, treatment, and prevention strategies. New advanced 
techniques such as RT-LAMP, RT-qPCR, High-Resolution Computed Tomography, etc., efficiently diagnose patients with 
SARS-CoV-2 infection. In the case of treatment options, new drugs like paxlovid, combinations of β-lactum drugs and mol-
nupiravir are found to be effective against even the new emerging variants. In addition, vaccination is an essential approach to 
prevent the infection or to reduce its severity. Vaccines for against COVID-19 from Comirnaty by Pfizer-BioNTech, SpikeVax 
by Moderna, and Vaxzevria by Oxford-AstraZeneca are approved and used widely. Similarly, numerous vaccines have been 
developed with different percentages of effectiveness against VOCs. New developments like nanotechnology and AI can be 
beneficial in providing an efficient and reliable solution for the suppression of SARS-CoV-2. Public health concerns can be 
efficiently treated by a unified scientific approach, public engagement, and better diagnosis.

Keywords SARS-CoV-2 · COVID-19 · Pharmacology · Complications · Vaccines · Repurpose drugs · Novel · Diagnosis 
and treatment
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VA-ECMO  Veno-arterial extracorporeal membrane 

oxygenation
WHO  World Health Organization

Introduction

The viruses are intracellular parasites that always emerge 
suddenly and infect numerous people within a short inter-
val of time. The initial severe acute respiratory syndrome 
coronavirus (SARS-CoV) epidemic occurred in 2002, fol-
lowed by the Middle East respiratory syndrome coronavirus 
(MERS-CoV) outbreak in 2012, and SARS-CoV-2-triggered 
coronavirus disease 2019 (COVID-19) during the month 
of December 2019 [1, 2]. According to the World Health 
Organization's (WHO) updates on COVID-19 cases, there 
have been over 601 million identified as positive COVID-19 
cases and 6.4 million deaths as of 2nd September 2022, with 
the numbers continuing to rise [3].

Several factors lead to complications in COVID-19 man-
agement. These include social factors (like vaccine hesi-
tancy [4], effect of social inequities on healthcare [5], lack 
of social protection [6], etc.), economic factors (economic 
inequalities) [5], an outbreak of other infectious diseases 
(like monkeypox, severe acute hepatitis, multi-organ failure, 
black fungus eye infection, etc.). The monkeypox outbreak 
is currently complicating the COVID-19 management sce-
nario [7, 8]. In a similar context, another outbreak of severe 

acute hepatitis of unknown etiology in children is reported 
in United Kingdom, regions of America, Western Pacific, 
South East Asia, and Eastern Mediterranean [9]. Addition-
ally, environmental factors are also found to be associated 
with complications in COVID-19 management like pollu-
tion, chemical exposures, climate, and built environment 
[10].

The US government has constituted the SARS-CoV-2 
Interagency Group (SIG), which categorizes the variants of 
the virus into three distinct categories—(1) Variant being 
Monitored (VbM), (2)Variant of Interest (VOI), and (3)Vari-
ant of Concern (VOC). There is also a fourth category in this 
classification, (4) Variant of High Consequence (VOHC). 
However, no VOHC has been identified in the US, till date 
[11]. Presently, the prominent VOCs are the different line-
ages of the Omicron variant [12–14]. The WHO has also 
classified the SARS-CoV-2 variants under same categories 
like VOI, VOC, and VOHC.

The SARS-CoV-2 virus has five different structural pro-
teins. The spike (S) glycoprotein that makes up the virus's 
envelope surface is the main structural protein involved 
in interaction with the host cells' angiotensin-converting 
enzyme 2 (ACE2) receptors to enable the entrance of infec-
tious virus particles [2]. The reports in this context reveals 
that the most successful medications are those that target 
the interaction of S glycoprotein with the ACE2 receptor 
[15]. However, the Omicron variant of this virus not only 
exhibits stronger binding with the ACE2 receptor unlike the 
other variants but also shows an evolved mode of invasion 
into the host cell in the Transmembrane protease, serine 2 
(TMPRSS2) independent approach, through the endoso-
mal route [16]. Furthermore, the BA.1 and BA.2 variants 
of Omicron favor the TMPRSS2-independent endosomal 
entry route. This corresponds to specific regions on the spike 
protein leading to the alteration in antigenicity and could 
be an important factor in rapid transmission and changes 
in pathogenicity of the Omicron variants [17]. The altered 
entry route of Omicron variants facilitate infection into sev-
eral different animal species such as horseshoe bat, mice, 
domesticated avian species, etc., increasing the susceptibil-
ity to reverse zoonosis [16]. In the latest report of WHO, it 
was found that the Omicron variant constituted the 99.6% 
sequences reported for the period of 29th July 2022–29th 
August 2022 [18].

A recent study reported that the replication complex of 
this virus is the fastest RNA-dependent RNA polymerases 
among all classes of coronavirus [19]. Because of the fast 
elongation mechanism, it is liable to include mismatch muta-
tions easily producing high variability in genomic sequences 
giving rise to numerous strains with different features. This 
further increases the difficulty of designing an efficient 
drug to target the virus [20]. Although the virus has faster 
transmission rates, the mutation rates are relatively lower at 
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1 ×  10–6 per cycle than influenza viruses which have a muta-
tion rate of 3 ×  10–5. It is due to the linear genome (instead 
of segmented) and the presence of proofreading (nsp14) that 
are absent in influenza viruses. The lower mutation rate of 
SARS-CoV-2 facilitates the development of vaccines with a 
longer duration of protection than influenza viruses [21, 22].

The generation of new variants of a virus follow two 
basic mechanisms—random point mutations (Alpha, Beta, 
Gamma, Mu, Delta, and Omicron have evolved by this 
approach) and recombination (coronaviruses, influenza 
virus, HIV, etc.) [14, 23, 24]. The factors responsible for 
genetic diversity, in the case of coronaviruses, are muta-
tions coupled with recombination, horizontal gene trans-
fer, or gene duplication. Homologous recombination and 
gene transfer contribute to the larger genome by increas-
ing plasticity for the gain and modification of genes [25]. 
This results in coronaviruses gaining the ability to explore 
new hosts via the interaction between their spike protein 
and various cellular receptors of the host. This attributes 
to natural selection and the evolution of viruses [26]. The 
B.1.1.7, B.1.351, P.1, and B.1.1.529 lineages corresponding 
to alpha, beta, gamma, and omicron variants that are found 
to have high transmission rates [27]. The B.1.617.2 variant, 
also known as the Delta variant is a highly infectious variant 
responsible for the second wave of COVID-19 in India [28, 
29] and had become the dominant variant globally in 2021 
[30]. The different strains of the virus show different patterns 
of disease prognosis [31].

It has now become crucial to study the development of 
novel hybrid strains of the virus that can potentially mag-
nify the situation of a pandemic by rapidly increasing the 
number of clinical cases positive. Three recombinant strains 
of omicron variants have been identified to date, namely, 
XD, XE, and XF. The recombination between delta and 
BA.1 lineage of omicron had led to the development of XD, 
whereas XF is formed by the recombination between BA.1 
and UK delta variants [23]. The BA.4 and BA.5 variants of 
Omicron are important in its evolutionary trajectory. Though 
these variants possess similarities with BA.2, they contain 
unique mutations like L452R and F486V in the spike pro-
teins. These variants can infect people who are immune to 
other variants of the virus, including Omicron, and increase 
hospitalization [32]. The monthly report of WHO for the 
month of August 2022 also stated that currently, the BA.5 
lineage of Omicron is found to be dominant globally, with 
an increase in incidence to 78.2% per week [18].

The emergence of new variants of concern resulting from 
mutations in the viral genome has become a great problem 
in the treatment of infection and prevention by vaccina-
tion. This is because many of the widely used repurpose 
drugs and some vaccines are rendered ineffective when used 
against the new variants. There is a list of monoclonal anti-
bodies (anti-RBD monoclonal antibodies) that are clinically 

used against various variants of Omicron. For example, VIR-
7831 (sotrovimab), COV2-2196 and COV2-2130 (AstraZen-
eca), etc. However, their efficacy is greatly reduced due to 
the high mutation rate of S protein of the new variants of the 
virus in addition to the fact that monoclonal antibodies are 
specifically designed to target S protein [13].

To effectively manage the transmission of the SARS-
CoV-2 virus in the population it is important to educate and 
encourage people to adhere to the emerging norms and rules 
pertain to prevent the infection [33]. Additionally, the pub-
lic governments need to send clear updates on COVID-19 
without any confusion. [34]. The major goal to mitigate and 
manage COVID-19 is by effective prophylactic measures 
and prevention, and initiation of recording patients’ immune 
responses from time to time with the help of healthcare per-
sonnel [35]. It also involves the introduction of innovative 
approaches by creating safe healthcare environment for the 
healthcare workers who are at risk.

The objective of this narrative study is to comprehen-
sively understand the pharmacological and therapeutic 
domains of COVID-19 management. We aim to analyze 
COVID-19 management, pharmacological and therapeutical 
advancements as well as to provide a holistic picture of vac-
cination. We also discuss the major complications observed 
during COVID-19 and in the long COVID scenario as well 
as containment of the pandemic. Additionally, we have 
emphasized on the COVID-19 management approaches for 
the special populations like children, pregnant women, aged 
groups, and immunocompromised patients.

Current scenario: transition in COVID‑19 
management

The transition phase of COVID-19 is associated with many 
changes, it enhances the use of hand sanitizers, aerosols, 
surface sterilizing agents, cleaning solutions, PPE kits, face 
masks, and gloves [4]. It sparks the condition of health, age, 
including acceleration in innovation, collaboration, discov-
ery, catalyzing future health and medicine, thereby reim-
aging health and medicine. It has opened a broad area of 
research in the field of medical technology including com-
putational biology, gene sequencing, design, and delivery of 
antibodies and drugs [14, 36].

Diagnosis

The upsurge and spread of SARS-CoV-2 have given rise 
to severe threat to global public health. Reliable and rapid 
tests are needed to affirm infections. Currently, diagnostic 
approaches include clinical chest CT scanning including 
chest X-rays and laboratory diagnoses (Nucleic acid RT-
PCR, RT-LAMP, qRT-PCR), protein testing, point of care 
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testing, and fluorescence-based biosensors tests are used to 
confirm COVID-19 [36, 37]. X-rays are one of the com-
mon techniques for imaging cardiothoracic and pulmonary 
disorders [38]. It played an important role in diagnosing 
pneumonia and assessing its severity. It has been discov-
ered that CT scans of COVID-19 patients exhibit peculiar 
imaging with multilobar and aberrant peripheral distribution 
[39–41]. Nucleic acid testing involves reverse transcriptase-
polymerase chain reaction (RT-PCR), which involves the 
generation of single-strand cDNA from RNA through ret-
roviral DNA polymerase, accompany by PCR amplification 
of the target cDNA regions [42]. RT-qPCR is a highly spe-
cific, rapid, and molecular-based assay to detect infection 
[43]. It can also detect and measure negligible amount of 
antibodies from various samples [44]. Moreover, the WHO 
has approved some of the testing samples for laboratory pur-
poses. In another technique, fluorescence-based biosensors 
are used for cheap and quick detection of antibodies in the 
serum [45].

The efficiency of these techniques can be improved by 
designing the combination of two or more methodologies. 
For instance, the integrated RT-LAMP and CRISPR-Cas12 
method can prove to be an efficient, simple, and rapid test 
when designed in the form of a kit that could be used any-
where [46]. The advancement in technologies has resulted 
in up-gradation and improvement in the currently followed 
techniques making them more reliable, accurate, easy to 
perform, and cost-effective (Table 1). This is intending to 
provide benefits to a large number of people globally, irre-
spective of their economic status.

During the initial phases of the COVID-19 pandemic, a 
notable number of diagnostic companies were proactively 
involved in the design, development, validation, verification, 
and distribution of diagnostic tests. Hundreds of molecular 
tests and immunoassays were created quickly, albeit many 
are still awaiting clinical validation and approval by regu-
latory authorities. However, greater test refinements, sub-
stantial molecular epidemiological confirmation and official 
FDA certification, are still required. Furthermore, the data 
on biobanks and the follow-up of actual patients are insuf-
ficient. Therefore, AI and machine learning techniques for 
data interpretation must be created and used. To battle pre-
sent and future pandemics, there must be a worldwide unity 
in terms of test availability, control of infectious diseases and 
diagnostic strategies. The person diagnosing should inform 
about the therapy selection and follow-up on its success. 
It is important to highlight that deep learning algorithms 
combined with imaging modalities provide only limited 
information regarding sick individuals. The global research 
scenario supports the fact that deep learning approaches can-
not replace the function of physicians or clinicians in clinical 
diagnosis. Deep learning specialists hoped to collaborate 
proactively with radiologists and medical professionals in 

the near future to give adequate support systems for diag-
nosing COVID-19, particularly in the early stages of the 
disease, or evaluating the level of severity of the SARS-
CoV-2 infection. Recently, it was found that the PCR assay, 
specifically the AIGS (Automatic Integrated Gene Detection 
System) RNA detection kit, can be used to test respiratory 
tract samples from COVID-19 patients for the presence of 
the Omicron variant. With the aid of this kit, it has been 
anticipated that 95.1% of all Omicron variant (BA.1 through 
BA.5) sublineages are prevalent [47]. This diagnosis is ben-
eficial in identifying the individuals infected and history of 
infection. The specific antibodies against the SARS-CoV-2 
nucleocapsid protein can be considered as a relatively early 
diagnostic biomarker. To quantify the specific SARS-CoV-2 
immunoglobulins in SARS-CoV-2 positive and non-infected 
individuals, powerful, flexible, and sensitive biotools have 
been developed recently. These tools are based on the sur-
face of magnetic microbeads functionalized with nucle-
ocapsid (N) and internally expressed recombinant spike (S) 
proteins[48].

Prophylactic measures

Currently, there are few standard drugs available in the mar-
ket that are recently approved by FDA in the USA; however, 
repurposing drugs is a beneficial solution, that provides a 
better, immediate strategy to tackle the disease. Presently 
available treatments include drugs of small size molecules 
that prevent the entry of the virus into host cells or prevent 
the assembly and block replication of viruses [13, 49–53]. 
The literature showed that remdesivir reduces the recovery 
time of hospitalized patients, thus reducing mortality [54]. 
Beigel et al. in their final report for the treatment of COVID-
19 presented data on 1062 patients, where 541 patients were 
assigned with remdesivir and 521 on placebos. According 
to existing evidence, patients on treatment have an average 
hospitalization time of 15 days, whereas patients on remdesi-
vir have an average hospitalization time of 11 days[55]. Chu 
et al. demonstrated the role of Lopinavir/ Ritonavir in the 
treatment of COVID-19 in 41 patients for 3 weeks. Clinical 
data suggested lower adverse effects in the treatment group 
than in the control. It has been seen that there is a reduc-
tion in infection rate and steroid usage where the patients 
were treated with Lopinavir/ Ritonavir combination. Thus, 
patients treated with these drugs show a decrease in viral 
load and a rise in blood cell count, thereby ensuring a posi-
tive outcome and better recovery [56]. Arbidol was found to 
be a more effective drug as compared to lopinavir, meta-anal-
ysis studies reveal a conversion rate of SARS-CoV-2 nucleic 
acid on day 7 (p = 0.03) and day 14 (p = 0.006). Further, it 
showed a higher improvement rate on day14 (p = 0.02) and 
a lower rate of mortality (p = 0.007)[57]. Mehra et al.ana-
lyzed chloroquine with and without macrolide for treatment, 
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total of 96,032 patients with COVID-19 were hospitalized, 
14,888 patients were selected, among them 81,144 people 
were there in the control group and 1868 and 3016 received 
chloroquine and hydroxychloroquine alone, whereas 3,782 
and 6,221 patients received both drugs in combination with 
a macrolide. Unfortunately, the observed outcome showed 
a negative result as treatment with these drugs decreases 
survival and increases the frequency of arrhythmias.

Cathrine et al. in their randomized trials on chloroquine 
and hydroxychloroquine has found that hydroxychloroquine 
increases the mortality risk in COVID-19 patients; moreo-
ver, there is no benefit of chloroquine in the treatment [58].

Recent research indicates that favipiravir can reduce 
inflammatory mediators but not respiratory status fully. 
SARS-CoV-2 respiratory distress is hypothesized to be 
caused by both direct viral activity and chemical mediators 
generated by SARS-CoV-2. In some patients, inflammation 
and cytokine storms persisted following Favipiravir therapy, 
although they were manageable with steroids [59].

Currently, molnupiravir is approved by U.S. Food and 
Drug Administration (USFDA) for the management of 
COVID-19 [60]. Molnupiravir is an oral bioavailable ribo-
nucleoside analog of B-D-N4-Hydroxycytidine [61]. It acts 
as an antiviral agent showing a broad spectrum of activ-
ity against various RNA viruses. Molnupiravir inhibits the 
replication of viruses; it has been found that molnupiravir 
is highly effective for limiting nasopharyngeal viral load. 
B-D-N4-Hydroxycytidine-5-Isopropyl ester is a prodrug of 
molnupiravir (EIDD1931); after entering into the host cell, 
this active form of drug inhibits the replication of viruses by 
incorporating itself into the virus instead of uracil or cyto-
sine. These base-pair changes lead to mutation, resulting in a 
viral replication error[50]. Research demonstrates that mol-
nupiravir has been effective against various influenza and 
coronavirus variants[62]. Results from Phase I/II/III trials 
revealed that molnupiravir reduces the risk of death and hos-
pitalization for mild COVID-19 patients. Studies on animals 
indicate that the administration of molnupiravir in human-
ized mouse models significantly reduces in vivo replication 
and symptoms of SARS-CoV-2 in patients[63]. During a 
pandemic wave dominated by the omicron BA.2 subvari-
ant, the cohort study conducted by Wong et al., sought to 
assess the virological effects in relation to the consumption 
of molnupiravir or nirmatrelvir–ritonavir in hospitalized 
patients with mild-to-moderate COVID-19. Molnupiravir 
was administered to 1,856 of the 40,776 COVID-19 hospi-
talized patients. Molnupiravir-treated patients were shown 
to have a decreased risk of death from all causes. When 
compared to non-receptors, receiving molnupiravir or nir-
matrelvir–ritonavir was linked to considerably lower odds 
of all-cause death and the overall disease progression out-
come, as well as a decreased need for oxygen therapy [64]. 
The reduction in the mortality rate was greatly visible in 

patients with higher risk of hospitalization, such as those 
above 80 years in age [65]. In the same study, 890 patients 
were administered Paxlovid, the results indicates that this 
drug was also efficient in lowering the mortality rate [64]. 
Paxlovid is a combination of the second-generation protease 
inhibitor nilmatrelvir and the pharmacological enhancer rito-
navir for the treatment of SARS-CoV-2 infectious. Paxlovid 
acts as an active protease inhibitor, exerting antiviral efficacy 
by inhibiting the virus replication process [66].

Biological products such as pAbs (polyclonal antibod-
ies), mAbs (monoclonal antibodies), convalescent plasma, 
and hyperimmune γ-globulin are used as passive immuno-
therapy for the treatment of COVID-19 [67]. Repurposed 
mAbs are also used for the treatment, of hospitalized 
patients 12 years of age or older. Likewise, mAbs such as 
bamlanivimab–etesevimab, casirivimab–imdevimab, and 
sotrovimab are administered. It acts by neutralization of the 
viral proteome and by balancing the number of cytokines. 
Patients who are hospitalized are not given mAb therapy, 
and patients with hypoxia are excluded. The drugs utilized 
for the treatment of COVID-19 are summarized in Table 2. 
The research community is focusing on developing SARS-
CoV-2 specific antivirals and mAbs; many of them are under 
different stages of clinical trials.

Administration of neutralizing monoclonal antibodies 
offers a prompt and passive immunization, that can reduce 
virus load and result in the rearrangement of immune-mod-
ulatory molecules. The monoclonal antibodies are capable 
of eliciting an immune response. Currently, clinical studies 
are going on ruvalizumab which is a recombinant monoclo-
nal antibody that targets CS. It acts as an anti-inflammatory 
agent. Other mAbs under ongoing clinical trials include 
AK119, JMB2002, LY-CoVMab, ADM03820, HLX70 and 
DXP604. USFDA approved a few mAbs for emergency use 
in COVID-19 including tocilizumab (TCZ), regdanvimab 
(CT-P59), sotrivimab (VIR-7831), SCT-401 and levilimab. 
The mAbs that work against various variants (alpha, beta, 
gamma, delta and omicron) of coronavirus include sotro-
vimab, tixagevimab plus and cilgavimab, casirivimab and 
imdevimab [67].

Vaccination

Immunization plays an important role in preventing and 
limiting the spread of disease, to bring down this pandemic, 
a large proportion of the world needs to be vaccinated. 
According to recent data, 66.8% of the world population 
have received at least one dose of a COVID-19 vaccine and 
12.15 billion doses have been administered globally [68]. 
Various vaccines have been discovered worldwide, includ-
ing mRNA vaccines based on the introduction of mRNA 
sequences for disease-specific antigens, and DNA-based, 
attenuated, and vector-based vaccines are used, as they 
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1 3

provide a promising, faster, and cheaper alternative to con-
ventional approaches. Different types of vaccines are shown 
in Fig. 1. Even vaccines for veterinary usage are approved 
in different parts of the world to seize transmission from 
household pets [69].

The inactivated vaccine consists of whole virus particles 
that have been killed or inactivated by heat or chemicals such 
as formaldehyde or formalin, thus destroying the pathogen’s 
ability to replicate, though they retain some epitopes so that 
the immune system can still recognize it [70]. The attenuated 
vaccine contains active pathogens particles that have been 
weakened or modified by attenuation but can replicate inside 
the body eliciting a long immune response. Subunit vac-
cines use only part of an antigen that stimulates an immune 

response. Another class of vaccine includes toxoid vaccines, 
conjugated vaccines, and Nuclei acid vaccines like RNA, 
and DNA vaccines which use a piece of mRNA or DNA to 
produce the same antigenic molecules as a disease-causing 
pathogen [71]. Table 3 summarizes details of approved vac-
cines for the prevention of COVID-19.

The US Food and Drug Administration has just fully 
approved the Pfizer/BioNTech vaccine for human use, while 
38 vaccine candidates are undergoing emergency use licens-
ing [72]. Almost 60% of the world population, i.e., around 
12 billion vaccine doses have been injected with a single 
vaccine dose as of May 2022. Since SARS-CoV-2 vaccines 
follow quick regulatory paths, vaccinovigilance (Phase 4 of 
the clinical trial) and the development of a comprehensive 

Fig. 1  Different types of vaccine platforms explored for the COVID-19. (Created with Biorender.Com)
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vaccination program are essential for the protection of public 
health. Vaccination is the safest method for combating the 
COVID-19 pandemic. According to a recent press release 
by US FDA, they have authorized limited use of Johnson 
and Johnson (J&J) COVID-19 vaccine for the individuals 
that are 18 years or greater in age but do not have access 
to the approved vaccines as well as to those who opt for 
J&J vaccine [73]. Almost 7.7% of the US population has 
taken primary vaccination with the J&J vaccine. The reports 
define the safety concern relating to rare events of blood 
clots reported previously also for the adenovirus-based 
vaccines [74]. This reaction is triggered by antibodies to 
aggregates generated between adenovirus and platelet fac-
tor 4. This aggregate is bound by antibodies, resulting in 
platelet activation. The sequence of events leads to the life-
threatening step, i.e., thrombosis with thrombocytopenia 
syndrome. A recent report has been made for other vaccines 
like AZD122, which indicates that the population vaccinated 
with these vaccines experience skin rashes, characteristic 
vesicular plaque formation, muscle weakness, pitting edema 
on the hands, and foot neuropathic pain [75]. FDA officials 
concluded the revision based on the detailed investigative 
reports submitted for such post-vaccination events as well 
as data on the safety and efficacy of the vaccine. There is 
currently a boom in mRNA clinical research for infectious 
diseases, especially as the impact of mRNA-based technolo-
gies is becoming apparent as these first-generation vaccines 
are deployed globally. This prompts industry researchers and 
experts to see increased interest in other therapeutic areas, 
especially mRNA platforms in oncology and rare autoim-
mune diseases and neurodegenerative disorders. In contrast 
to the initial SARS-CoV-2 virus, the Omicron (B.1.1.529) 
variant of concern has shown to be more contagious and 
infectious [76]. Ad26.COV2.S or BNT162b2 vaccine 
recipients exhibited long-lasting spike-specific CD8 + and 
CD4 + T cell responses that displayed significant cross-reac-
tivity against both the Delta and the Omicron variants[77]. 
Multiple doses of vaccine has been proven to be efficient in 
eliciting immune response against several variants of the 
virus. In the same context, a booster dose is intended to 
restore vaccine efficacy from the immune protection point 
that has been determined to be insufficient. A third booster 
dose is also being advised currently because, in the words 
of Agrawal and colleagues, "Omicron symbolises a signifi-
cant challenge to the existing two-dose vaccination tactic 
currently adopted by many countries globally (17–22-fold 
reduction in neutralization titers)"[78]. There are various 
mRNA vaccines available commercially and among them 
the effectiveness of the BioNTech/Pfizer BNT162b2 mes-
senger RNA (mRNA) vaccine against the Omicron variant 
was examined by Muik et al. [76]. According to their find-
ings, three doses of BNT162b2 mRNA are inevitably man-
dated to defend against Omicron-driven COVID-19 [76].

In December 2020, the alpha variant was confirmed as 
a variant of concern. It can be also written as B.1.1.7. The 
variant has a total of seventeen variations in its genome and 
was found to increase its transmissibility rate [79, 80]. Beta 
variant (B.1.351) was detected in South Africa (May 2020). 
It contains three mutations located in RBD. More recently 
omicron (B.1.1.529) has been detected in multiple countries 
(Nov 2021), it has more mutations that are located in the 
receptor-binding domain [81]. WHO approved various vac-
cines for emergency use. These vaccines can be categorized 
based on their manufacture and mode of action. Table 3 
summarizes details of approved vaccines for the prevention 
of COVID-19.

Lauring et al. conducted a study to compare the effec-
tiveness of mRNA vaccines and to characterize the clini-
cal severity of covid19 patients with different variants of 
viruses. A total of 11,690 population participated and the 
outcome shows that the mRNA vaccine has the effectiveness 
of 85%, 94% and 65% for alpha, delta and omicron variants, 
respectively. Finally, the mRNA vaccine was effective over 
almost every variant of coronaviruses. Therefore, vaccinated 
people show lower severity against COVID-19 [82].

On January 2021, drug regulators in India granted emer-
gency approval for the covid vaccine co-developed by Astra-
Zeneca and the university of Oxford. Mahadevaiah et al. in 
their study of immunogenicity, safety, and efficacy of cov-
ishield vaccine, showed seropositivity of 69.67% which is 
an acceptable level of safety profile[83]. Another study on 
BNT162b2 mRNA vaccine phase III clinical trial consist 
of 43,548 individuals, among 17,411 individual 8 cases 
of COVID-19 positive were identified, and among 17,511 
individuals 162 COVID-19-positive cases were confirmed 
showing 95% of vaccine efficiency [84]. BNT162b2 effi-
cacy in volunteers aged between 16 and 55 years was 95.6% 
and for individuals above 55 years, above or equal to 65 or 
75 years of age, efficacies were found to be 93.7%, 94.7% 
and 100%. Lindsey conducted a phase III trial in the United 
States across 99 centers for checking the efficacy and safety 
of mRNA vaccines. The setup consists of 30,420 individuals 
who were randomly administrated with vaccines or placebo 
in a ratio of 1:1. The mRNA vaccines showed a 94.1% effi-
cacy rate at preventing COVID-19 infections [85].

SARS‑CoV‑2 impact on children, pregnant 
women, and aged populations

The COVID-19 caused by the SARS-CoV-2 virus infect 
people from all age groups; however, there are variations in 
severity observed. The symptoms of infection observed in 
children on exposure to the virus is similar to adults and sign 
and symptoms include fever, cough, sore throat, malaise, 
nasal discharge, sometimes vomiting, nausea, body pain and 
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diarrhea [86]. The major observation is that in the majority 
of cases the infected children are asymptomatic. These chil-
dren are carriers for transmission to other age groups with 
greater susceptibility [87]. However, the severity is more in 
children with chronic conditions like cancer, chronic pulmo-
nary or heart disease, neurological diseases, known immu-
nodeficiency, or cardio-vascular diseased condition [87, 88]. 
The infection caused in children is mild and the severity is 
lower than that of adults with an exception of infants who 
on exposure to the virus experiences serious illness [87, 89]. 
The severe health implication in children during COVID-19 
infection is in the form of the multisystem inflammatory dis-
order [88] and it is thought that as the virus is transitioning 
from pandemic to epidemic, a greater proportion of children 
will be affected by the SARS-CoV-2 infection like in the 
scenarios of other epidemic coronaviruses [90].

In the case of pregnant women, it was found that the 
symptomatic patients are more susceptible to serious dis-
ease conditions and can have adverse pregnancy with neo-
natal outcomes like pre-term delivery or intrapartum fetal 
distress [91, 92]. On the contrary, expecting mothers with 
asymptomatic COVID-19 infections faced complications 
similar to non-infected ones [92]. The novel variants with 
high transmission rates are a threat to the health of pregnant 
women and neonates. To protect them from the disease and 
complications, it is essential to prioritize vaccination and 
immunization schedule [93].

It is found that aging is accompanied by immunosenes-
cence which is diminished activity of the immune system. 
On the other hand, the aged population also shows constant 
production of inflammatory mediators and cytokines [94]. In 
patients, who are 65 years and above, SARS-CoV-2 infection 
shows a high mortality rate in addition to more percentage 
of hospitalization [95, 96]. Chronic conditions like cardio-
vascular diseases, diabetes, obesity, etc., are the risk factors 
that increase the virus infection [96].

Immunocompromised patients and patients with comor-
bidities are found to be at greater risk of mortality and com-
plications during hospitalization than the normal population 
[97, 98]. The infection can alter their primary disease con-
dition which worsens their situation [97]. Such people are 
more likely to be admitted to intensive care units (ICUs) and 
have an increased risk of mortality. This category includes 
people with conditions like cancer, hematopoietic cell trans-
plant, solid organ transplant, diabetes mellitus, hyperten-
sion, etc.[97, 99]. The disease pathogenesis in such patients 
is very rapid and serious, irrespective of the age group of 
patients (Fig. 2) [99]. Thus, it is a major cause of concern 
today to save the lives of immunocompromised patients and 
patients with comorbidities.

Some monoclonal antibody treatment regimes (like bam-
lanivimab–etesevimab, casirivimab–imdevimab and sotro-
vimab) have been authorized for emergency use for patients 

with 2 more risk factors. These factors include age above 
65 years, pregnancy, immunocompromised patients, patients 
with comorbidities or chronic conditions like hypertension, 
diabetes, obesity, etc. Therefore, monoclonal antibody based 
treatment is appropriate for the above mentioned special 
groups in the population [67]. Molnupiravir-based treat-
ment is also applicable for the patients with high risk of 
hospitalization, older age groups and patients with chronic 
health conditions. However, it is not recommended for preg-
nant and breast-feeding women and children [100]. Accord-
ing to the USFDA, The Moderna COVID-19 Vaccine and 
the Pfizer-BioNTech COVID-19 Vaccine may be used for 
COVID-19 prevention in children as young as 6 months old 
under emergency circumstances [101].

COVID‑19 and associated complications

The SARS-CoV-2 virus affects the lower respiratory tract. 
The pathological symptoms range from asymptomatic (mild 
infection) to severe complications, which could eventually 
become life-threatening. Mild symptoms are cured in about 
a week [102]. Patients from the older age group, having 
chronic health conditions or compromised immune system 
are more prone to severe infection which could also lead 
to death [102, 103]. However, even the younger population 
without any pre-existing health condition has been found 
to develop severe infections. The major causes of mortal-
ity due to this infection include hypoxemia and cardiovas-
cular complications which could lead to anomalous blood 
clotting. Cases with strokes, kidney injury, cardiac injury, 
and ecchymosis are attributed to disseminated intravascular 
coagulopathy[102].

The COVID-19 is also linked with the initiation of auto-
immune responses. Development of autoimmune thyroid 
diseases, Guillain–Barre syndrome, autoimmune hemo-
lytic anemia, Kawasaki disease, immune thrombocytopenic 
purpura, and identification of autoantibodies indicates 
that SARS-CoV-2 virus is capable of generating autoim-
mune responses. However, more research is required in 
this domain for a complete understanding of the potential 
impacts of this virus on the host body [104].

SARS-CoV-2 pathogenesis comprises multiple factors 
that result in severe damage, first in the lungs and then with 
systemic dissemination. Acute lung failure, acute liver fail-
ure, acute kidney damage, and cardiovascular illness, in 
addition to a wide spectrum of hematological abnormalities 
and neurological problems are characteristics of multi-organ 
dysfunction (Table 4) [105]. The most important pathways 
are linked to SARS-CoV-2 and indirect pathogenic proper-
ties. Even though the presence of ACE2, a SARS-CoV-2 
receptor, has been confirmed in the lung, heart, kidney, 
liver, and nervous system, there are some worries about 
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the presence of SARS-CoV-2 RNA in these organs [106]. 
COVID-19 has the greatest impact on the lungs, heart, brain, 
kidney, liver, and gastrointestinal tract. As a result, measures 
should be taken, and patients should be consulted before 
they are discharged from the hospital to understand other 
possible anomalies that may emerge during the post-COVID 
healing phase [107]. One of the numerous variables is an 
increase in the rates of blood clots reported in COVID-19 
patients, which will cause a slew of downstream difficul-
ties. Another major explanation for the rapid development 
of mucormycosis is the use of steroids as a treatment for 
seriously and critically sick covid patients [107, 108]. Many 
COVID-19 patients who have recovered reveal hypercoag-
ulation diseases ranging from disseminated intravascular 
coagulation to venous thromboembolism, all of which can 
contribute to cerebrovascular illness. Signs and symptoms 
of the antiphospholipid syndrome include antiphospholipid 
antibodies and the lupus anticoagulant, as well as venous 
and arterial thrombosis [109]. Cardiovascular problems can 
arise during the post-COVID recovery period, resulting in 
cardiac arrest and, in extreme circumstances, a heart attack. 
COVID-19 is an inflammatory illness that also causes blood 
vessel inflammation. An increase in blood thickness occurs, 
which leads to clot formation in the lungs and heart arteries, 
producing symptoms such as shortness of breath, very rapid 
or slow heart rate, dizziness, and unconsciousness in those 
recovering from COVID-19 [110, 111]. After recovering 
from COVID-19, patients with moderate to severe symptoms 
from SARS-CoV-2 infection have various organ damage and 
additional consequences. Patients with a history of various 
health issues or illnesses are more likely to have serious 

consequences. Mental health issues have emerged as a result 
of the extended epidemic, which is caused by multiple lock-
downs and stay-at-home situations [14].

Limitations of COVID‑19 management

The SAR-CoV-2 virus-caused pandemic has a significant 
impact on every aspect of life around the world, includ-
ing society, politics, the economy, health, and profes-
sional fields.. This results in numerous challenges in 
these domains. The major challenge to controlling the 
pandemic is the mass vaccination of people. Despite the 
fact that 66.8% of the world's population has received 
at least one dose of vaccine, the entire course of vacci-
nation is necessary to control the global epidemic.This 
requires increasing the production of vaccines which can 
be done by constructing more manufacturing units and 
obtaining suitable quantities of the required raw materials. 
The aim should be to provide vaccines to all especially in 
low-income countries, which are unable to afford them. 
In addition to infrastructural challenges in the production 
of vaccines, there are also certain limitations associated 
with its efficacy against all variants of the virus. To ensure 
the development, approval, dissemination, administration, 
and monitoring of efficient vaccines, there are also strict 
policy matters and challenges that have to be looked upon 
[112]. The health care centers, procuring necessary oxygen 
cylinders and quarantine facilities should be well equipped 
in advance, with all these requirements and necessities 
to prevent the rise in mortality, specially in cases where 

Fig. 2  Basic differences 
explaining the variations in the 
impact of infections in the 3 
categories of population
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mutations in the virus leads to development of variants of 
concern which could have catastrophic effect on the popu-
lation. For instance, the situation of delta variant which 
claimed numerous lives resulted in second or third wave 
of infection in many countries.The facilities should be 
designed and constructed focusing on effective operation 
during the situation of emergency. Some of the important 
factors for operational design are healthcare networks, 
patient safety, indoor air quality, etc. The designed facili-
ties should have the capacity and necessities for critical 
care for terminally ill patients [113]. It is also discovered 
that front-line employees and healthcare professionals face 
a variety of difficulties throughout their careers, including 
increased workload, psychological stress, a lack of high-
quality personal protective equipment (PPE), social exclu-
sion and stigmatization, an absence of incentives, a lack 
of coordination, and improper management. [114]. The 
improper disposal of contaminated wastes like PPE kits, 
gloves, etc., also poses an important challenge as these 
become a cause of environmental pollution and a source 
for transmission of infection [115, 116]. Thus, it results 
in a new environmental crisis. This can only be controlled 
by promoting sustainable plastic waste management and 
implementing policies to ensure the safe disposal of harm-
ful wastes [113]. Many new challenges arise as a result 
of the emergence of omicron virus subvariants. Although 
BA.4/5 is significantly (4.2-fold) more resistant, it is also 
more likely to cause infections that result in the devel-
opment of vaccine-resistant strains. The SARS-CoV-2 
Omicron lineage is still evolving, producing subvariants 
that are not only more contagious but also quite resistant 
to antibodies[117]. There has been a geographical divide 
observed in the prevalence of different variants of Omi-
cron, dominant over different regions of the world. The 
high percentage of positive cases in Europe and other con-
tinents can be attributed to this high transmissibility rate, 
for example, the BA.2 variant of Omicron. According to 
preliminary findings from Denmark's Statens Serum Insti-
tut (SSI), BA.2 is 1.5 times more highly infectious than 
BA.1. The high transmissibility of BA.2 was demonstrated 
in Denmark, where the number of positive cases doubled 
in less than a week. [118]. In Gauteng, the omicron variant 
prevailed over the B.1.617.2 (delta) variant and accounted 
for 98.4% of all new cases sequenced in South Africa 
in December 2021[119]. Following the initial Omicron 
(BA.1) peak in January 2022, the almost total replacement 
of Omicron BA.1 by BA.2 resulted in a second peak in 
SARS-CoV-2 infections and previously unheard-of levels 
of infection in England in March 2022[120]. In lower-
income nations, there are still nearly one billion unvacci-
nated individuals as of May 22, 2022. 70% of the popula-
tion has been vaccinated in only 57 nations, almost all of 
which are high-income nations[121].

Innovative and novel approaches 
for COVID‑19 management

The discovery of new drugs, vaccines, repurposing of drugs, 
in vitro drug screening, in silico screening platforms, devel-
opment of new technologies, and novel diagnostic tech-
niques have added new directions to the field of science. 
Artificial intelligence (AI) is one of the most emerging areas 
of research, which provides a new direction to research and 
development leading to the identification and development 
of new drugs [122, 123]. It involves early detection and diag-
nosis of the infection via CT scanning, X-ray, lab testing, and 
genome sequencing. It shows a tremendous capability for 
contributing toward novel drug discovery and repurposing 
of available drugs that could be used for treating COVID-19 
[124, 125]. It utilizes several datasets to identify potential 
inhibitory human coronavirus activities [126]. Recently, it 
has been noticed that due to side effects and reduced effi-
ciency of many drugs there is a decline in the number of new 
FDA-approved drugs. Earlier the process of drug discovery 
was very costly and sophisticated, however, it has been seen 
that AI can accelerate various scenarios including repurpos-
ing and drug discovery. AI helps us to determine the protein 
structure of the virus and, thus, plays an important role to 
determine its function inside the cell for the development of 
drugs and vaccines to combat COVID-19 [127]. AI is being 
used successfully for the identification, diagnosis, and treat-
ment of disease. Further, it helps in contact tracing, finding 
the risk of mortality, and discovering new drugs and vac-
cines, moreover reducing the burden on healthcare workers 
[128]. The list of companies using AI for the development of 
treatment against COVID-19 by repurposing drugs includes 
Innoplexus, gero, healx, and deargen. Exscientia lktos and 
SRI International are some of the companies that developed 
new drugs by applying AI for the treatment of COVID-19 
[125].

Drug repurposing is also known as repositioning of the 
drug [129]. It is a procedure that seeks to identify new 
application and utilities of existing drugs and is considered 
a cost-effective approach [130]. The outbreak of COVID-
19 has challenged health workers, scientists, and pharma-
cists to select an appropriate drug for treatment; however, 
discovery of new vaccines and drugs was costly and time-
consuming with a success rate of only 2.01% [129], hence 
considering the cost and time lag, the repurposing of drugs 
for the treatment of COVID-19 came into existence. The 
systematic approach to drug repurposing can be classified 
into computational and experimental approaches [131]. 
Several drugs used for the treatment of different stages of 
COVID-19 include lopinavir, hydroxychloroquine, ataza-
navir, nintedanib, tocilizumab, and remdesivir [132, 133].
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Remdesivir was the first drug to be approved for the 
treatment of coronavirus disease. It acts as an analog of 
nucleoside mainly ATP that inhibits RNA polymerase 
[134]. It is an antiviral drug that inhibits the replication 
of the virus [135] and exhibits a wide antiviral spectrum 
among RNA viruses including ebolavirus, MERS-CoV, 
and SARS-CoV-2 [136]. Recently available evidence 
about the antiviral effects of remdesivir against viruses is 
majorly based on in vitro and in vivo studies [137]. Moreo-
ver, effective and positive studies against coronavirus led 
to the emergence use of the drugs during COVID-19 [138]. 
Lopinavir/ ritonavir is another class of drug which has 
been repurposed for the treatment of COVID-19, It acts 
as protease inhibitor used for treating HIV infection [139]. 
Currently, studies indicate that both these drugs can be 
useful in inhibiting SARS-CoV 3C-like protease enzyme 
[140].

Recent clinical trials on COVID-19 patients showed that 
nintedanib leads to a decrease in the expression of IL‐1 and 
IL‐6, which play a major role in the COVID‐19 cytokine 
storm leading to fibrogenesis in the lungs [141]. It is given 
to COVID-19 patients who have Idiopathic Pulmonary 
Fibrosis, as it may provide a novel approach for managing 
COVID-19 [142]. Ivermectin is an FDA-approved anti-
parasitic drug that is devised as an 80:20 mixture of the 
equipotent homologous 22,23-dihydro ivermectin, which has 
shown to inhibit SARS-CoV-2 in vitro with an undisclosed 
mechanism of action [143]. An extensive computational 
analysis was done to distinguish the best docking of ivermec-
tins to viral proteins and, later, to analyze potential structural 
alterations with molecular dynamics. Ivermectins can bind 
to the protease 3CL-superficial and internal pockets, as well 
as the HR2-domain, causing unfolding/folding and altering 
the native conformation of these proteins [144]. Chloroquine 
(CQ), an aminoquinoline, for many years malaria was tradi-
tionally treated with chloroquine phosphate. It is a quinolone 
with anti-inflammatory properties as well as some amoebic 
properties. Chloroquine's anti-viral and anti-inflammatory 
activities may be responsible for CQ's efficacy in treating 
COVID-19 patients [145].

In an expanding pharmaceutical market collaboration 
between medicines, and regulators are essential. The regu-
latory agency needs to ensure the safety, efficacy, quality, 
and performance of medical products. National regulatory 
agencies are responsible for ensuring pharmaceuticals and 
biological products meet standards of quality and safety. A 
global training network on vaccine quality is also available 
to identify gaps and support plans. Other agencies like EMA, 
CHMP, COVID-ETF, SAWP, FDA, MAHs, and ICMR 
have been working in collaboration with each other to fight 
COVID-19 worldwide.

Nanotechnology is one of the emerging areas in the 
era of COVID-19. The study in this direction helps us to 

manipulate, organize and assay molecule and atomic level in 
nanometres. It converges various fields like biotechnology, 
computational biology, biological sciences, diagnosing and 
treating COVID-19. It is used for drug discovery and brings 
out new opportunities for inexpensive detection methods and 
vaccines against COVID-19. Several nanomaterials can be 
used for the prevention of COVID-19, such as the integra-
tion of nanomaterials into personal protective equipment kits 
that can protect health workers. Cellular binding of the viral 
particles can be prevented by targeting nanoparticles against 
ACE receptors, moreover, nanoparticle-based vaccines, and 
drug delivery systems can be used to prevent SARS-CoV-2 
[146]. Nanosensors and nano-filter face masks can be used 
to prevent infectious diseases [147]. Recently field effect 
transistor-based biosensing has been developed to detect 
infection, Some nanomaterials like carbon black, graphene, 
gold, and silver particles are used in biosensors for detecting 
SARS-CoV-2 infectious [148]. However more research is 
needed to be done to find the application of nanotechnology 
in the era of this pandemic, safety measures must be encour-
aged as well as the use of nanoparticles for covid manage-
ment must be accelerated. Moreover, expansion in the field 
of nanotechnology can help us to control and eliminate the 
spread and reoccurrence of COVID-19 [149].

Viruses invade humans via the nasal portal during inhala-
tion, therefore researchers around the world are focusing on 
the vaccines that can prevent the aerosols which invade the 
nose. The intranasal vaccine can intercept the virus and trig-
gers the immunity to combat the viruses at the site of viral 
entry, thus preventing the multiplication of viruses[150]. 
Nasal vaccines are easy to administer and produce secre-
tory IgA, which can elicit an immune response at the site 
of virus entry[151, 152]. A recent study from India, which 
tested nasal vaccine, comparing it with mRNA and tradi-
tional vaccines, found that nasal vaccine can reduce replicat-
ing lower the viral load considerably, prevent inflammation 
and pneumonia more efficiently than other vaccines and can 
show higher neutralization capacities [153]. Nasal vaccines 
are sprayed into the nostrils, therefore can also be a solution 
for people who are reluctant to get vaccinated as it involves 
syringes. Another study from Hong Kong found that a single 
dose of nasal vaccine resulted in eliciting immune response 
in both the upper and lower respiratory tracts of hamsters, 
thereby preventing viral spreading [154]. Several other 
studies indicated that nasal vaccines can enhance systemic 
immunity. Fabispray recently received regulatory approval 
as part of the accelerated approval process. It is found that 
this spray can be effective in killing about 94% of viral load 
in the upper respiratory tract within 24 h of administration 
and within 48 h it can reduce viral load up to > 98%. Accord-
ing to a study conducted at the Utah state university USA, 
the nasal spray was found to kill 99.9% of the SARS-CoV-2 
virus including all the variants of the coronavirus [155].
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Recent clinical trial data show that a nasal vaccine con-
sisting of nitride oxide is safe and effective to inhibit SARS-
CoV-2 infection. King et al. in their studies on mice found 
that a single dose of intranasal vaccine administration can 
elicit both mucosal and systemic immune responses [156].

Frank et al. in their research study found that nasal spray 
with povidone-iodine exhibits anti-virucidal properties. A 
nasal spray containing povidone-iodine (1.25%) completely 
inactivates SARS-CoV-2 within 15 s of contact and this 
spray also provides a protection layer for up to 4 h, thus 
reducing viral loads and transmission of disease [157]. Some 
of the examples of nasal vaccines are ChAdOx1 nCoV-19, 
Ad5-nCoV vaccine, NasoVAX, DelNS1-nCoV-RBD LAIV, 
and Mv-014–212, these are currently in phase I and Phase 
II trials [150].

The scientific study reveals that a unified, scientific 
approach, public engagement, and better prophylactic 
measures are the three key steps to combat against such 
public health emergencies in the long run. This outbreak 
has led China and other nations to learn the importance of 
enhancing readiness to quickly detect and control the dis-
semination of evolving infectious disease. Ultimately, the 
biggest lesson learned from COVID-19, in our opinion, is 
that global pandemic regulation depends on the sustained 
pandemic response at local, international, and regional levels 
that is quick, efficient, synchronized, and efficient [158]. The 
current global pandemic has highlighted the importance of 
rapid reaction strategies at both the regional and interna-
tional levels to prevent possible future outbreaks [159].

SARS-CoV-2 binds to its host receptor, angiotensin-con-
verting enzyme-2, by the receptor-binding domain (RBD) 
of the spike protein. The RBD glycoprotein is a key target 
for the development of neutralizing antibodies and vaccines 
against SARS-CoV-2 [160]. Nanobodies are small size 
effective molecules which can be produced easily. Several 
recent studies showed that these nanobodies can bind to 
RBD thereby inhibiting and neutralizing the viruses [161]. 
Tingting Li et al. in their study demonstrated the protect-
ing ability of nanobodies in mice from SARS-CoV-2. They 
constructed a potent antagonistic mechanism to block the 
RBD-ACE2 interaction. Using crystallography, they have 
tested the efficacy and analyzed the binding mechanism; fur-
thermore, they developed an effective platform to produce 
neutralizing sybodies, with a higher neutralizing ability and 
stability making it suitable for the treatment of COVID-19 
[162]. Other studies reported that sybody 23 shows high 
neutralization activity when binded to the recombinant 
RBD. An X-ray scattering model and cryo-EM structure of 
Sb23 indicate that it effectively blocks ACE2 binding [160].

Notable outbreaks include those caused by SARS-CoV-1, 
MERS-CoV, Ebola, and H1N1, and also the lessons learned 
from each: the value of good personal hygienic practices, 
testing when feasible, isolating those who are exposed 

to the virus, personal protective materials for healthcare 
professionals and many others related to the care of the 
infected persons and the exhaustive search for therapies 
and immunizations [163]. The COVID-19 pandemic has 
led the researchers, scientists, and medical practitioners to 
explore more areas in the field of animal and environmental 
research on the virus origin, epidemiological studies, clini-
cal characterization and management, research in therapeu-
tics and advancement, development of vaccine research and 
ethical considerations for the research [164]. The current 
global pandemic has highlighted the importance of rapid 
reaction strategies at both the regional and international lev-
els to prevent possible future outbreaks [159].

Conclusion and future prospects

COVID-19 has posed a great challenge to the healthcare 
system, but it has also created an opportunity for the crea-
tion of new and innovative roles that could have far-reaching 
implications for the healthcare system. The COVID-19 out-
break has emphasized the significance of public healthcare 
as well as the need for novel strategies to mitigate global 
pandemics. The COVID-19 pandemic has emphasized 
on the significance of quick diagnosis [165]. Diagnostic 
approaches like Nucleic Acid Amplification Tests (NAAT) 
like RT-PCR are the most widely used approaches for the 
detection of SARS-CoV-2 infection, followed by Rapid Anti-
gen Tests. However, they tend to provide false-positive and 
false-negative result, respectively [166]. Thus, the design 
and development of more reliable tools for efficient diag-
nosis of the infection is important. In the case of treatment 
options, newly developed drug, Molnupiravir is found to be 
efficient in treating Omicron variants. Some of the currently 
used drugs are found to be facing a reduction in their effica-
cies against the emerging novel variants and subvariants of 
the virus. In a similar context, many of the vaccines are also 
reducing their effectiveness. However, with the advance-
ment in technology and a wide range of ongoing research 
in the domain of pharmacology and therapeutics, novel and 
reliable treatment and vaccination approaches are being 
developed. For enhanced mitigation and containment of the 
infection, a new strategy of Genomic surveillance is being 
applied. It involves sequencing (using next-gen sequenc-
ing tools) and phylogenetic analysis of the viral genome to 
study the evolutionary pattern of the variants and anticipate 
new variants. Consecutively, we can initiate containment 
approaches on time, in case of an outbreak of new variants 
[167]. This approach also helps to identify patients infected 
with multiple variants and understand the rearrangement of 
the viral genome to generate a hybrid. For instance, in the 
case of Deltacron infected patients, this hybrid was produced 
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in host patient’s cells which were simultaneously infected 
with Delta and Omicron variants.

For efficient containment and management of the infec-
tion, it is necessary to conduct a mass vaccination drive on a 
global scale. With improvement in scientific understanding 
and research methodologies, novel personalized vaccines 
could be developed, considering the environment and sus-
ceptibility of an individual towards different variants of the 
virus.

The large-scale global research aims to develop differ-
ent aspects associated with COVID-19 including diagnostic 
methods, treatment (development of specific large and small 
molecules) and vaccines are being considered by the support 
of different government agencies. Currently, according to the 
Clinical trial reports by the US government, there are about 
4,653 ongoing trials [168].

It is crucial to raise the level of awareness and readiness 
among the persons of the targeted society, particularly the 
less skilled ones, as the COVID-19 vulnerability on a world-
wide scale continues to emerge [169].

Due to the emergence of COVID-19, many digital sensing 
technologies were designed and developed. This led to the 
rapid development of new technologies and research con-
cepts during COVID-19. High-performance infrared ther-
mal cameras and smartphone software were developed by 
many countries and designed due to COVID-19 and it aids 
in the detection of fever [170]. Also, many IT and AI-based 
industries have made it easier to monitor people and stop 
the transmission of infection, which has aided in COVID-19 
preparation [170]. AI might speed up the judicial process by 
analyzing health records, treatments, and lab results, which 
would enhance the monitoring of patients [34].

Consequently, AI might be developed to recognize lesions 
that resemble coronavirus infection, assess the thickness, 
volume, and structure morphology, and evaluate different 
lung lesions from the picture. Furthermore, the current 
growth trajectory of telemedicine is expected to continue 
in the post-pandemic era, since face-to-face physician 
appointments are not always possible in the atmosphere of 
the COVID-19 pandemic, patients have typically been con-
tented with remote medical care service providers. During 
the pandemic, telemedicine facilities emerged as an effective 
healthcare delivery approach, and this trend is expected to 
continue in the future. As a result, telemedicine services 
can be easily adopted in the post-COVID-19 era. Until we 
discover efficient and medically verified therapeutics further 
than vaccines, the world battle against COVID-19 may last 
a long time [165]. Whenever it is feasible, smart working 
and remote work should indeed be followed. If this is not 
feasible, social segregation and safety precautions includ-
ing protective gear, hygiene practices, and antimicrobials 
must be made available everywhere. To survive this chal-
lenging moment, innovations and development of feasible 

technologies for safeguarding the human population is nec-
essary to combat emerging idiopathic infections [34].
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