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Abstract

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) outbreak began in late 2019 in Wuhan, China, and have
since spread globally. Deep sequencing analysis identified the disease within a few weeks, and on February 11, the World Health
Organization (WHO) named it “COVID-19 caused by SARS-CoV-2.” SARS-CoV-2 was declared a global pandemic by the
WHO in March 2020. Coronavirus disease has become a global challenge for researchers and health care workers, affecting over
174 million people and causing over 3 million deaths. Because of the widespread nature, extensive measures are being taken to
reduce person-to-person contact, and special precautions are being taken to prevent the transmission of this infection to vulner-
able populations such as geriatrics, pediatrics, and health care professionals. We summarized the genesis of COVID-19 spread, its
pathology, clinical perspectives, and the use of natural ingredients as a possible cure for COVID-19 in this review. This article has
highlighted information about current vaccines approved for emergency use as well as those in various stages of clinical trials.
Vaccine availability around the world is a promising development in the fight against the SARS-CoV-2 virus. We conducted a
narrative review to present the current state and research on this situation, specific diagnosis, clinical manifestation, emergency
approaches, herbal-based remedies, and COVID vaccines.

Keywords COVID-19 - Severe acute respiratory syndrome - Pathology - Therapeutic strategy - Natural remedies - COVID
vaccines - Clinical trials

Introduction

The novel coronavirus disease 2019 is caused by severe coro-
navirus (COVID-19). SARS-CoV-2 (acute respiratory syn-
drome coronavirus) was discovered and reported in
December 2019 in Wuhan, China, and has since spread to
become a global pandemic. The SARS-CoV-2 virus has a
long incubation period of up to 33 days (in some studies, an
incubation period of more than 14 days was used) and a fast
transmission rate that is faster than that of other coronaviruses,
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such as SARS-CoV and middle east respiratory syndrome
(MERS)-CoV. Asymptomatic carriers can spread the virus
as well. The majority of SARS-CoV-2 patients experience
mild-to-moderate symptoms; however, approximately 15%
develop severe pneumonia, and approximately 5% develop
acute respiratory distress syndrome (ARDS), septic shock,
multiple organ failure, and even death. As a result of the
aforementioned characteristics, COVID-19 had spread to
more than 200 countries by June 1, 2021, resulting in more
than 170,000,000 confirmed cases and 3,782,490 confirmed
deaths. As a result of the pandemic, which has made humans
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more vulnerable to microbial pathogens and revealed gaps in
our therapeutic arsenal, scientists are working at an unprece-
dented pace to understand the disease and find a cure. At the
moment, two major courses are thought to be driving COVID-
19 pathogenesis. SARS-CoV-2 identification, fusion, entry,
and replication, also known as the replication cycle, are pri-
marily driven by viral proteins in the early stages of infection
progression. A massive inflammatory/immune response to
SARS-CoV-2 that causes tissue damage drives the late stage
of infection progression (Bogoch et al. 2020). As a result, both
virus proteins and host factors are required for COVID-19
pathogenesis, making them promising anti-viral therapy
targets.

Coronavirus (CoV) was first isolated in 1987 and is
thought to be a primordial variant found in pangolins or bats.
Coronaviruses cause bronchitis in birds, decimating the poul-
try population. In 1960, the human strand of coronaviruses
(HCoV) was isolated from the noses of common cold patients.
0OC43 and 229E were the two main strands of the HCoV
obtained. The term coronavirus refers to the crown-like pro-
jections on surfaces of coronaviruses. In Latin, the term “co-
rona” means ‘“halo” or “crown.” Coronaviruses are a type of
virus that commonly affects the nose, upper throat, and si-
nuses (Rahman et al. 2021).

The centers for disease control and prevention (CDCP)
begins to see the emergence of a new coronavirus known as
SARS-CoV-2 in 2019. The first case of human transmission
was discovered in Wuhan, China. Coronaviruses are linked to
viruses that can cause disease in humans and animals. SARS-
CoV-2 is one of seven types of coronaviruses, which include
the common ones that cause severe diseases such as SARS
and MERS. The other types are primarily viruses that cause
colds and do not cause serious infections. SARS virus strain
known as SARS-CoV is a coronavirus association. The new
strain of CoV is known as SARS-CoV-2, and it is the cause of
coronavirus disease (COVID-19). Other members of this virus
family include SARS-CoV and MERS-CoV. COVID-19 was
identified sequentially as SARS-CoV in approximately 79%
of cases and MERS-CoV in approximately 50% of cases.
Furthermore, homology modeling revealed that the receptor-
binding domain of SARS-CoV and COVID-19 is the
angiotensin-converting enzyme 2 (ACE2) receptor in humans,
causing infection (Bogoch et al. 2020; Lu et al. 2020a; Zhao
etal. 2020). COVID-19 is a respiratory tract infection that can
affect both the upper and lower respiratory tracts. Their infec-
tion ranges from mild to fatal in humans and is spread primar-
ily through person-to-person contact. The effect of coronavi-
rus on the respiratory tract is given in Fig. 1.

The new coronavirus strain has rapidly spread throughout
the world. COVID-19 was declared a pandemic by the World
Health Organization on March 11, 2020 (Du Toit 2020;
Calisher et al. 2020). A pandemic occurs when an infection
to which people are not immune spreads across larger
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geographic areas. Geriatrics, those with cardiovascular or re-
spiratory disorders and diabetic patients, are at the greatest
risk. According to various reports, nosocomial infections are
more likely in the case of COVID-19 (Corman et al. 2020;
Wang et al. 2020a, b, c; Nishiura et al. 2020; Rahman et al.
2020).

Structure of COVID-19

The structure of the COVID-19 (Fehr AR 2015) mainly con-
sists of a nucleocapsid protein, RNA, membrane protein, en-
velope protein, hemagglutinin-esterase dimer, and a spike pro-
tein, as represented in Fig. 2.

Nucleocapsid (N) protein

The nucleocapsid (N) protein possesses in vitro affinity and is
highly phosphorylated, playing an important role in transla-
tion and transcription. N protein binds to the genome of the
virus in a string type confirmation. This protein triggers the
viral genome to replicate-transcriptase complex (RTC) and
finally results in packing the encapsulated genome into viral
particles.

Membrane (M) protein

Membrane (M) protein is a widely expressed structural protein
and is the most abundant protein. It exhibits its action by
binding to the nucleocapsid and by promoting membrane cur-
vature. It is also called the central organizer for the coronavi-
rus assembly.

Envelope (E) protein

Envelope (E) protein is found within the virus in a very small
quantity and is mainly a transmembrane protein and activates
the ion channels. It facilitates the protein assembly and release
of the virus, but this protein is not involved in the viral repli-
cation process.

Hemagglutinin-esterase (HE) dimer protein

Hemagglutinin-esterase (HE) dimer protein binds to the sialic
acids which are present on the surface of glycoproteins, en-
ables its action via entering into the spike protein-mediated
cells, and spreads through the mucosa.

Spike (S) protein

Spike (S) protein is located on the surface of the virus, facil-
itating the entry of SARS-CoV-2 into the human cells. It is
highly glycosylated and employs an N-terminal signaling
pathway to achieve its access to the endoplasmic reticulum
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Fig. 1 Effect of SARS-CoV-2 on the respiratory tract
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Fig. 2 Structure of SARS-CoV-2

and furthermost attaching to the host receptors. For the major-
ity of coronaviruses, S-proteins are cleaved into two different
polypeptide domains, N-terminal S1 subunit and C-terminal
S2 subunit. The S1 contains receptor-binding domain (RBD)
for binding onto host cell receptors while the S2 subunit me-
diates the membrane fusion.

Transmission of SARS-CoV-2

COVID-19 is thought to be of zoonotic origin based on the
spread of the disease from the Wuhan animal market. Efforts
are being made to locate the reservoir from which it emerged
and spread throughout the human population. The initial re-
port identified two snake species as possible origins, but no
proper evidence was reported aside from the possibility of
mammals and birds. COVID-19’s genomic similarities with
the bat sequence accounted for 88% of the total. Evidence
suggests that person-to-person contact is the most common
cause of this infection’s spread (Holshue et al. 2020).

When COVID-19 patients cough or breath out, the virus is
expelled in the form of tiny droplets, which can enter the nose
or mouth of people who are not infected, resulting in the onset
of the disease. When symptoms are at their worst, this infec-
tion is extremely contagious. The virus can settle in droplets
on nearby objects or surfaces. When a person comes into
contact with the virus through their eyes, nose, or mouth, they
are likely to become infected (Thompson 2020). It should be
noted that the COVID-19 is progressing and that the re-
searchers are still open-ended. In the case of coronavirus
spread, there are additional modes of transmission.

The initial binding of host cell receptors and subsequent
fusion with the cell membrane is the primary mechanism in-
volved in viral infection. It has been discovered that the pri-
mary target of this virus is the epithelial cells of the lungs. As a
result, it has been determined that the transmission of SARS-
CoV to humans, as well as its action, is linked to the binding
of the virus spikes receptor-binding domain and the ACE2
cellular receptors. Because the SARS-CoV and COVID-19
receptor-binding domains are similar, the binding is most
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likely via ACE2 receptors (Wang et al. 2020a, b, ¢, Nishiura
et al. 2020).

Symptoms and clinical significance

The symptoms of COVID-19 appear after an incubation peri-
od of approximately 5.2 days (Thompson 2020). The validity
period ranges from 6 to 41 days, with an average of 14 days,
from the onset of virus action to death. The patient’s immunity
is the most important factor in determining death. The most
common COVID-19 symptoms are fever, persistent cough,
shortness of breath, diarrhea, lymphopenia, and hemoptysis.
Symptoms should appear 2—14 days after being exposed to the
virus. On day 9 of the illness, a mild symptom of progression
and presentation pneumonia is observed. Clinical approach
related to chest CT scan is evaluated for the effect of pneumo-
nia, and other features like acute respiratory distress syndrome
(Rothan and Byrareddy 2020; Assiri et al. 2013a, b; Lee et al.
2003), the incidence of grant-glass opacities (some cases both
sides of the lungs were observed) (Assiriet al. 2013), and acute
cardiac injury. The main reason for the therapeutic strategy’s
failure is a decrease in immune response and inflammation, as
well as opacities in the pulmonary progression.

The parallels between the earlier beta-coronavirus and
COVID-19 are striking. Although symptoms such as dry
cough, fever, bilateral ground-glass opacities on CT scan,
and dyspnea are shared by both (Lee et al. 2003), the unique
clinical characteristics of the COVID-19 such as sneezing,
rhinorrhea, and sore throat distinguish them. Diarrhea is a
common gastrointestinal symptom in COVID-19 patients as
well as MERS-CoV or SARS-CoV patients. As a result, the
patient should have urine and fecal tests performed to deter-
mine the next route of transmission (Brubaker et al. 2013;
Phan et al. 2020).

Pathophysiology and clinical aspect

Coronaviruses are positive-strand RNA viruses with the
largest-known RNA genome (30-32 kb) and a 5-cap and 3-
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poly-A-tail. While the transcription process works through
randomized controlled trials (RCT) complex, which is the
replication—transcription complex organized in the vesicles,
the synthesis of polyproteins 1a/lab in the host cell is taken
into account. Transcription is terminated at the transcrip-
tion regulatory sequence, which is located between the
open reading frames (ORFs), which serve as a template
for sub-genomic mRNA production. ORFla and ORF1b
guide the production of the polypeptides ppla and pplb
which are further processed by the main protease. Aside
from ORFs, structural proteins such as nucleocapsid,
membrane, spike, and envelope proteins are encoded.
The structural proteins, the envelope, play a role in the
pathogenicity of the virus by preventing virus assembly
and release. In some cases, the viral infection causes ex-
aggerated immune responses in the host or even a “cyto-
kine storm,” which can result in extensive tissue damage.
Interleukin-6 (IL-6), which is produced by leukocytes and
acts on a variety of cells and tissues, is the star of this
cytokine storm. IL-6’s primary function is to promote B
lymphocyte differentiation, but it also has pro-
inflammatory properties. The SARS-CoV-2 virus enters
the lungs via the respiratory tract and begins targeting
organs that express angiotensin-converting enzyme 2,
such as the heart, lungs, renal, and gastrointestinal sys-
tems (Fehr and Perlman 2015).

The majority of COVID-19 cases are associated with a
patient profile that includes an elevated body temperature of
39°C for 5 days, as well as coughing and breathing difficulties
(Lu et al. 2020b). A real-time polymeric chain reaction is used
to analyze the sputum of a COVID-19 infected patient. The
laboratory results show 2.91 x 10°cells/L leukocytes, of which
70% was neutrophils, resembling leucopenia. A C-protein
concentration of 16.16 mg/L was also reported (Wan
et al. 2020). D-dimer and erythrocyte sedimentation rates
are also elevated. Elevated levels of interleukin-1 receptor
antagonist (IL-1RA), interleukin-1 (IL-1), interleukin-10
(IL-10), interleukin-9 (IL9), interleukin-8 (ILS),
interleukin-7 (IL7), granulocyte-colony-stimulating factor
(GCSF), granulocyte-macrophage colony-stimulating fac-
tor (GMCSF), interferon-inducible protein-10 (IP10), in-
terferon (IFN), macrophage inflammatory proteins
(MIP1), MIP1B, tumor necrosis factor (TNF), platelet-
derived growth factor subunit B (PDGFB), and vascular
endothelial growth factor A (VEGFA) have also been re-
ported (Brubaker et al. 2013; Lu et al. 2020b; Wu et al.
2020). The abnormal range of pro-inflammatory cytokines
can lead to disease severity in some cases. The COVID-
19 clinical spectrum ranges from symptomatic to asymp-
tomatic, with respiratory failure that may necessitate ven-
tilation support. In COVID-19-infected patients, a chest
CT scan reveals opacification with or without
abnormalities.

Risk criteria

A few factors can influence the risk of virus exposure, while
others may play a role in the progression of severe illness.
According to the World Health Organization, the likelihood
of becoming infected with COVID-19 is low in most cases
(Jaimes et al. 2020). The spread is most visible in people who
have frequent contact with patients and health care workers.
Older adults are at a much higher risk of contracting the severe
infection caused by SARS-CoV-2, as are people with certain
medical conditions such as asthma, chronic kidney disease,
cystic fibrosis, and diabetes.

Prevention

Recommending effective approaches to halt the spread of
SARS-CoV-2 is now a global challenge (Hui et al. 2020).
Anti-viral vaccination primarily inhibits viral action, but de-
veloping a vaccine or any treatment modalities for a newly
developed strain of virus takes time (Brubaker et al. 2013).
The formulation against these viral strands should be devel-
oped safely and effectively. The best way to prevent this virus
from spreading is to avoid close contact with the infected
person and to practice good personal hygiene (Cui et al.
2019; Zhu et al. 2020; Ngandu et al. 2015).

The CDC recommends washing hands with water and soap
for 20 seconds each time after public exposure. In the absence
of soap, hand sanitizers containing at least 60% alcohol are
recommended and avoid touching your face with your hands
before washing them (Wang et al. 2020a, b, c).

Public bodies and the government are developing preven-
tive measures to break the chain of transmission of SARS-
CoV-2 and to educate the public about the disease. The high
mortality rate in the population is primarily due to patients’
low immunity.

In addition, to the evolution, adaptation, and spread of the
disease, the major challenges that should be effectively mon-
itored are epidemiological changes and mutation. It has also
been reported that the disease has spread to pet animals such
as dogs. In this pandemic situation, there are still several un-
answered questions (Bassetti et al. 2020). Personal protective
equipment (PPE) is a method of infection prevention and con-
trol that is commonly used by passengers on flights and health
care professionals as a preventive measure against becoming
infected. The PPE acts as a face shield and is worn by
healthcare professionals or other individuals to prevent
infection.

Is there a cure for COVID-19? According to the CDC, there is
no specific medication used to treat COVID-19 at this time;
instead, patients are given supportive care. The primary reason
for the isolation of patients suffering from this disorder is the
transmission of this disease from person to person. This
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approach is primarily used to prevent the virus from spreading
to the community and to reduce the severity of the disorder
globally (Toots et al. 2019, Jin et al. 2020). The current treat-
ment strategy that doctors are using to reduce viral infection is
a combination of HIV protease inhibition and broad-spectrum
anti-viral drugs such as nucleotide analogs. The anti-viral drug
is administered in the course of oral twice-daily administration
of oseltamivir (75 mg), lopinavir (500 mg), and intravenous
administration of ganciclovir (0.25 g) for 3—14 days (Ngandu
etal. 2015, Lu et al. 2020b). According to research published
in 2019, chloroquine and broad-spectrum anti-viral drugs are
effective against CoV infection. These medical strategies were
found to be safe and are being considered for the treatment of
COVID-19 infection. Until and unless an invention for the
therapy of COVID-19 is made, RNA synthase inhibitors, pep-
tide (EK1), neuraminidase inhibitors, and ritonavir/lopinavir
were included in the patients’ medication history.

It is important to note that more researchers needed the
drug discovery and drug development process to create a med-
ication for the safe and effective treatment of COVID-19.
There is a need for pharmacological evaluation of the devel-
oped drug and for that animal model to be replicated with the
disease as of the human epidermis for evaluating the pre-and
post-exposure prophylaxis parameters against COVID-19
(Jaimes et al. 2020; Toots et al. 2019; Rothan and Byrareddy
2020; Shah et al. 2021). This SARS-CoV-2 outbreak caused a
devastating economic, social, political, and global health
problem. However, several vaccines are being developed,
and some are undergoing clinical trials. These may include

* nucleic acid vaccine: these are mRNA-based vaccines in-
cluding Moderna;

+ viral vector vaccines including AstraZeneca and sputnik
Vi

* inactivated virus vaccine including Sinovac vaccine; and

» antigen-based vaccine including EpiVac corona.

Use of natural products for COVID-19 Natural remedies have
been used for the treatment and cure of viral infections all over
the world since ancient times. They are safe and effective
treatments for viral infections, and research on natural ingre-
dients that can be used for the management and treatment of
various disorders is ongoing (Lalani and Poh 2020). Such
natural products have a favorable efficacy and a tolerable level
of toxicity (Huang et al. 2020). Figure 3 depicts some exam-
ples of possible natural remedies for the management of
COVID-19, as well as possible formulation approaches.

Use of flavonoids as a natural remedy

Flavonoids are a type of phenolic natural product that is wide-
ly used in both traditional and modern medicine to treat
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various viral infections. Flavonoids inhibit coronavirus repli-
cation in silico, and the main protease is required for virus
replication. A docking study revealed that naringenin can ef-
fectively bind to the protease by forming a hydrogen bond
with the amino acids of the main protease, indicating that
naringenin can inhibit the SARS-CoV-2 protease
(Khaerunnisa et al. 2020). Flavonoids have been studied ex-
tensively in a wide variety of RNA and DNA viruses
(Zakaryan et al. 2017; Dou et al. 2011). In silico studies also
demonstrated quercetin’s inhibitory action against SARS-
CoV-2, owing to its high affinity for binding to the main
protease. Another study found that flavonoids like
kaempferol, luteolin-7-glucoside, catechin, naringenin, cate-
chin, quercetin, and epigallocatechin were effective against
SARS-CoV-2. Rutin was also thought to be effective against
SARS-CoV-2. Flavonoids’ mechanisms of action are as
follows:

* Dblock the binding and influx of the virus into the cells,

* inhibit the process of viral replication, and

* polyprotein or translation process to inhibit the attack of
the virus to various cells.

Other inhibitory activity of the flavonoids includes

+ flavonoids that act on the specific extracellular region of
the virus-like the viral protein visible on capsid,;

» prevention of the viral host attachment and the entry of the
virus; some flavonoids can even change the structure of
the virus;

+ inhibition of the replication at an early stage;

* inhibition of transcription and translation;

* last stage mutation blocking; and

e modulating the immune system and reduce viral load.

The following Table 1 includes a summary of some bioac-
tive compounds with their mechanisms (Pastor et al. 2021).

Role of vaccines against COVID-19

Millions of people have already contracted the virus, and
around 2 million deaths have been reported. The researchers
are working round the clock for the development of effective
vaccines (Hossain et al. 2020; Sharma et al. 2021). The vac-
cine passes through several stages before the manufacturer can
get approval. In the USA, Food and Drug Administration
(FDA) approves and the CDC works to ensure the safety of
the public. Vaccines mimic the infectious agent which may be
a virus, bacteria, or any other microorganism causing the dis-
ease to which our immune system rapidly responds. Earlier,
the weak form of the infectious agent was used which allows
the immune system to work based on “memory” so as when
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the actual infection happens, the immune system quickly rec-
ognizes it and prepares antibodies (What You Need to Know
about COVID-19 Vaccines | UNICEF, n.d.). Now, other dif-
ferent types of vaccine approaches, including mRNA vac-
cines, inactivated vaccines, protein adjuvant vaccines, or live
vaccines, were also developed; firstly, three vaccines were
authorized by the FDA also (UPDATED Comparing
COVID-19 Vaccines: Timelines, Types and Prices |
BioSpace, n.d.). Data from several phase III vaccine efficacy
trials were reported at the end of 2020, paving the way for
these vaccines to be approved and rolled out. The following
organizations have reported vaccine efficacy data. Pfizer-
BioNTech, Moderna, AstraZeneca—University of Oxford,

Possible Natural

Remedies

1. Curcumin

‘ 2. Quercetin

(pn | 3. Holy Basil

3 4. Fennel

5. Lemon Balsm
6. Garlic

7. Liquorice

8. Ginger

9. Peppermint oil
10. Eucalyptus oil
11. Echinacea

Johnson & Johnson, Gamaleya, Sinovac Biotech,
Sinopharm, Novavax, and Bharat Biotech are among the com-
panies involved. Except for the Novavax vaccine, each of
these vaccines had been approved for rollout to adults and,
in some cases, adolescents as of June 14, 2021, through a
variety of approval processes based on region and regulatory
agency.

Pfizer-BioNTech
It was the first vaccine to be approved for emergency use by

the FDA, as it was mentioned to be 95% effective for the
prevention of symptomatic disease for people older than 12

Table 1 Summary of some bioactive compounds with their mechanisms
Bioactive  Food In vitro properties Mechanism
Curcumin  Curcuma longa (turmeric) Anti-oxidant,anti-fibrosis, Good binding affinity toward the main protease;

and

anti-inflammation

Kaempferol Cabbage, spinach, dill, beans Anti-cancer,

inhibit aminopeptidase;
reduction of AT1 and AT2 receptors;
decrease macrophage population

The affinity of binding with ACE-2;

Quercetin ~ Onion, tea, grape, Hypericum perforatum

Apigenin Celery, oranges, parsley, Matricaria

chamomilla

anti-oxidant, and
anti-inflammatory
Anti-oxidant,
anti-viral, and
anti-inflammatory

Anti-hyperglycemic,

anti-oxidant,
anti-viral, and
anti-inflammatory

inhibit ion channel receptor and regulation of T-cell re-
ceptor

Affinity against ACE-2 and protease

Reduction of COX-2;
decreasing interleukin-6 level;
target ACE-2

ATI, angiotensin II type 1; AT2, angiotensin II type 2; ACE-2, angiotensin-converting enzyme 2; COX-2, cyclooxygenase-2
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years old. For this, two shots were recommended which were
21 days apart. It is a type of mRNA vaccine which delivers
genetic code from SARS-CoV-2 to the host cells giving in-
structions for making spike protein copies. The spike protein
does the work of infecting and penetrating the host cells which
also helps in stimulating the immune response and also pro-
duces antibodies. The reported side effects include headache,
pain, chills, headache, and swelling at the site of injection.

Moderna

This vaccine was the second one to get emergency approval
from the Food and Drug Administration in December 2020. It
is also an mRNA-based vaccine with high efficacy in
preventing symptomatic disease. It is recommended for adults
18 years and older. This vaccine also requires two shots 28
days apart. One of the advantages offered by this vaccine is
that it can be kept in storage for much longer up to 30 days
with normal refrigeration, but the limitation of this vaccine
was that it showed less effectiveness up to 86% in people
who are 65 years and older. The side effects include pain,
headache, chills, and swelling at the injection site.

Johnson & Johnson

It is a type of viral vector vaccine and got its approval in
February 2021 by the Food and Drug Administration for
emergency approval. It can also be administered to 18 years
or older adults. As it is a type of carrier vaccine, it uses an
adenovirus that carries genetic code to cells by producing
spike proteins that will train the immune system of the body.
In comparison to Moderna and Pfizer, it has the advantage in
that it is easier to store and requires a single shot. But in July,
FDA has made a warning that the Johnson & Johnson vaccine
in rare cases can lead to neurological disorders.

Oxford-AstraZeneca

This vaccine is based on the principle of carrier vaccine but
offers the advantage of lower cost and can be stored in normal
refrigeration conditions for a period of up to 6 months. Some
countries suspended its use as it showed the development of
blood clots within 2 weeks after the vaccination is done. It was
recommended for 18 years or older adults with two doses, 4 to
12 weeks apart. On March 25, 2021, AstraZeneca proved the
efficacy against the symptomatic COVID-19 to be 76% and
100% in severe cases while 85% efficacy in people who are
aged 65 years or older.

Novavax

This is the type of protein adjuvant vaccine that has been
found to be effective against COVID-19 and also against the
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mutations. It is a type of vaccine that has spike protein itself
but is being formulated as a nanoformulation. It is also recom-
mended for adults more than 18 years of age with two doses, 3
weeks apart. The common side effects include tenderness,
headache, and pain at the site of injection.

Gamaleya Sputnik V

It is a viral vector, given in two doses; the second dose is given
21 days apart from the first dose. It shows with 92% of effi-
cacy and is recommended to the age group above 18. From the
trial’s start date to the present, no variants have been identified
originating from the trial locations (June 2021)

Bharath Biotech - Covaxin

It is a viral vector, given to subjects above the age of 18. Given
in two doses, the second dose is given 28 days apart from the
first dose. The phase III trial began on November 16, 2020,
and is still ongoing in India; variants discovered include
B.1.617.2 and B.1.617.1.

Sinovac Biotech - CoronaVac

It is an inactive virus, given in two doses; the second dose is
given 14-28 days after the first dose. Multiple studies are
conducted in various countries such as Brazil (50.7%),
Indonesia (65%), Chile (56.5%), Brazil (78%), and Turkey
(91%). Given to the subjects above the age of 18 is 51%
efficacy against symptomatic SARS-CoV-2 infection, 100%
efficacy against severe disease, and 100% efficacy against
hospitalization beginning 14 days after the second dose.

Sinopharm - BBIBP-CorV

It is an inactive form of the virus. Given in two doses, the
second dose is given 21 days after the first dose. It is given
to the age group above 18. During this time, no variants orig-
inating from trial sites have been identified (June 2021).

Novavax

It is a protein subunit; the second dose is given 21 days after
the first dose. It is given to the age group above 18, and 100%
efficacies have been shown.

VECTOR - EpiVacCorona

It is a protein subunit, given in 2 doses; the second dose is
given 21-28 days after the first dose. During this time, no
variants originating in the trial locations have been identified
(June 2021).
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Clinical trial of vaccines against SARS-COV-2 There are several
vaccines that are in different phases of clinical trials globally.
Table 2 provides a summary of these clinical trials.

Post-COVID complications

Since the outbreak of this pandemic, research has focused on
the rapid diagnosis and development of new therapies for the
effective treatment of COVID-19, as it is not only a respiratory
disease, but it has also been discovered that high levels of
some endogenous substances are being produced in response
to the virus’ inflammation (Andrade et al. 2021). A Guillain-
Barre syndrome characterized by polyneuropathies is one of
the immune system complications. It was reported in clinical
trials of pediatric, adolescent, and adult patients. Other reports
show that cases of COVID-19-associated arthritis condition
and 456 rheumatic patients over the age of 60 were reported
(Pablos et al. 2020). According to reports, an auto-
inflammatory disease known as Kawasaki disease was ob-
served, which primarily affects children under the age of five
years and causes acute inflammation in caliber vessels, mac-
rophage activation, and increased cardiac involvement. The
complications associated with the hematological system result
in a direct effect of SARS-CoV-2 linked hyper inflammation,
which produces some endogenous substances promoting vas-
cular hemostasis and blood coagulation, which is directly af-
fected by the release of pro-inflammatory and procoagulant
cytokines. The SARS-CoV-2 entry mechanism is mediated by
the Hace2-R receptor, which is found in the lungs, intestinal
smooth muscles, heart, kidneys, and liver. Binding to the h-
ACE2-R causes a decrease in receptor density on vascular
tissue, which is associated with the negative regulation of h-
ACE2-R activity, followed by angiotensin II accumulation,
which causes vasoconstriction, pro-inflammatory, and
profibrotic effects. Respiratory failure, pulmonary embolism,
thromboembolism, pneumonia, and post-viral fibrosis are
some of the other pulmonary complications (Moniruzzaman
et al. 2020).

The pathophysiological findings in COVID-19 patients in-
dicate a high risk of myocarditis, myocardial injury, and heart
failure. Myocardial injury is detected in 25% of hospitalized
patients with the COVID-19 condition, which is associated
with a risk of death. High levels of cytokines and mediators
such as TNF-«, IL-6, and nitric oxide may cause myocardial
depression. Digestive system complications and clinical man-
ifestations such as diarrhea, abdominal pain, anorexia, gastro-
intestinal hemorrhage, constipation, and acid reflux were also
reported. According to various reports and surveys, 20% of
COVID patients developed mental health issues such as anx-
iety, depression, or dementia within 3 months of diagnosis,
according to a doctor in the USA (Van Hees et al. 2020).
Depression is a condition or disorder that primarily interferes

with an individual’s normal life. In this era, especially as the
coronavirus pandemic is prolonging and harming individuals,
the causes of depression and its related suicidal death are
becoming more prevalent. Not only in this era but also one
out of every ten people suffers from depression at some point
in their lives as a result of low self-esteem(Woods and Scott
2016). There is a need for a safe and effective health care
regimen that can aid positive feedback on people’s mental
health by increasing the country’s economy through increased
participation in the work field.

Menthol or peppermint oil has already been shown to be
effective in the treatment of depression, even in severe health
conditions such as myocardial infarction (Térnblom and
Drossman 2018). We are moving forward with a hypothesis
that includes a combination of peppermint oil, an essential oil,
and a proven anti-depressant herbal extract of Hypericum
perforatum (Setorki 2020; Du Toit 2020) in omega 3-fatty
acid-based nano-droplets to be evaporated in a vaporized form
inside the room or offices to keep people happy and improve
their social lives.

The above-mentioned strategic plan is innovative in the
following ways.

1. The combination of the strategy of anti-depressants such
as menthol, Hypericum perforatum, and omega-3 fatty
acid provides a synergistic effect, which is a novel con-
cept working behind.

2. The conversion of these combinations into nano-droplets
and converting into vapors using the active machine sim-
ilar to the mosquito coil machine.

3. Using the nano-droplets as a room freshener and anti-
depressant safely and effectively.

4. The lipid pro-drug approach is used which can increase
the bioavailability of the drug into the brain by targeting
the olfactory receptors and helps in crossing blood—brain
barriers.

5. The individual drugs or compounds such as menthol,
Hypericum perforatum, and omega-3 fatty acid are prov-
en anti-depressant drugs, but this combination strategy is
unique and novel.

The combination of menthol, Hypericum perforatum, and
omega-3 fatty acid is novel and can be used safely and effec-
tively. This combination can be used as a mind relaxant and
also as an anti-depressant, as a medicament.

The in vitro and in vivo results should be supportive such
as nasal toxicity, histopathological studies, and bioavailabili-
ty. The target of the drug is to reach the brain and the ability to
cross blood-brain barrier. The main approach needed is the
assurance of quality, safety, and efficacy before producing to
the market.

The combination approach used with the aid of natural
ingredients is easily accessed, safe, and economical with

@ Springer
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Table 2 Summary of clinical trials being conducted on different COVID-19 vaccines in individuals with different age groups

Title Status Interventions Age Phases Locations NCT number

Use of BCG vaccine as a preventive R Live 18 yearsand  Phase2  Brazil NCT04659941
measure for COVID-19 in health care older
workers

BCG vaccine in reducing morbidity and R Live 60 to 80 years Phase 3  India NCT04475302
mortality in elderly individuals in
COVID-19 hotspots

Safety and immunogenicity of two R Inactivated 18 to 55 years Phase 1 ~ Turkey NCT04691947
different strengths of the inactivated
COVID-19 vaccine ERUCOV-VAC

An effectiveness study of the Sinovac’s A, NR Inactivated vaccine 18 yearsand  Phase 4 Brazil NCT04747821
adsorbed COVID-19(inactivated) older
vaccine

Efficacy of hydroxychloroquine (HCQ) C Drug: hydroxychloroquine 18 yearsand  Phase 3  India NCT04408456
as post-exposure prophylaxis (PEP) older
for prevention of COVID-19

Study on sequential immunization of A, NR Recombinant vaccine 18 yearsand  Phase4  China NCT04833101
recombinant COVID-19 vaccine older
(AdS vector) and RBD-based protein
subunit vaccine

Efficacy, immunogenicity, and safety of R Inactivated vaccine 18 to 55 years Phase3  Turkey NCT04942405
the inactivated COVID-19 vaccine
(TURKOVAC) versus the
CoronaVac vaccine

Clinical trial to assess safety and A,NR Viral vector 18 yearsand  Phase 2/phase 3 India
immunogenicity of older
Gam-COVID-Vac combined vector
vaccine for severe acute respiratory
syndrome

Coronavirus 2 (SARS-Cov-2) infection

NCT04640233

Serological response to mRNA and R Inactivated vaccine 18 years and Hong Kong NCT04898946
inactivated COVID-19 vaccine in older
health care workers in Hong Kong

Mix and match of the second R mRNA vaccine 18t0 99 years Phase2  Canada NCT04894435
COVID-19 vaccine dose for safety
and immunogenicity

A study to evaluate MVC-COV1901  A,NR S protein with adjuvant 20 and older ~ Phase2  Vietnam NCT04695652
vaccine against COVID-19 in adult

Clinical trial for SARS-CoV-2 vaccine R Inactivated 18 to 59 years Phase3  Turkey NCT04582344
(COVID-19)

Safety and immunogenicity of the R Adjuvant 18 to 55 years Phase 1 ~ Turkey NCT04838080
inactivated KoA§ak-19 Inaktif
Adjuvan 1A+ COVID-19 vaccine
compared to placebo

COVID-19 vaccination of R mRNA vaccine 18 and older ~ Phase4  Sweden NCT04780659
immunodeficient persons
(COVAXID)

Clinical trial to evaluate the efficacy, A,NR Inactivated vaccine 18 to 85 years Phase 3 ~ Argentina NCT04560881
immunogenicity, and safety of the
inactivated SARS-CoV-2 vaccine
(COVID-19)

A study to assess the safety and A,NR Inactivated vaccine 18 yearsand  Phase4  Brazil NCT04756830
immunogenicity of the corona older A
vaccine against COVID-19 (adult, older

adult)

Safety and immunity of COVID-19 R Pathogen-specific APC 6 months to 80 Phase 1 ~ China NCT04299724
APC vaccine years

A clinical trial to evaluate the R Recombinant vaccine 3 years and Phase 1/phase 2 China
recombinant SARS-CoV-2 vaccine older A
(CHO Cell) for COVID-19 (child,

@ Springer
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Table 2 (continued)
Title Status Interventions Age Phases Locations NCT number
adult)
NCT04869592
Clinical trial of efficacy and safety of A, NR Inactivated vaccine 18 yearsand  Phase3  Brazil NCT04456595
Sinovac’s adsorbed older
COVID-19(inactivated) vaccine in
healthcare professionals
A study to evaluate the efficacy, safety, R Inactivated vaccine 18 yearsand  Phase 3 ~ United Arab  NCT04510207
and immunogenicity of inactivated older Emirates
SARS-CoV-2 vaccines (vero cell) in
a healthy population aged 18 years
old and above
The phase I clinical trial of booster A,NR Viral vector Child, adult, Phase 1 China NCT04568811
vaccination of adenovirus type-5 older adult
vectored COVID-19 vaccine
Study on sequential immunization of A, NR Recombinant vaccine 18 to 59 years Phase4  China NCT04892459
inactivated SARS-CoV-2 vaccine
and recombinant SARS-CoV-2 vac-
cine (Ad5 vector)
Phase I trial of a recombinant R Recombinant vaccine 18 yearsand  Phase 1  China NCT04636333
COVID-19 vaccine (CHO cell) older
Efficacy, safety, and immunogenicity of A, NR Inactivated 18 yearsand  Phase3  Peru NCT04612972
inactivated SARS-CoV-2 vaccines older
(vero cell) to prevent COVID-19 in a
healthy adult population in Peru
healthy adult population in Peru
A study of SARS-CoV-2 infection and R mRNA-based vaccine 18t0o 29 years Phase3  USA NCT04811664
potential transmission in individuals
immunized with Moderna
COVID-19 vaccine
An immuno-bridging and immunization R Inactivated 3 years and Phase4  China NCT04863638
schedules study of COVID-19 vac- older
cine (vero cell), inactivated
Hydroxychloroquine (HCQ) as R Drug: hydroxychloroquine (HCQ) 18 yearsand  Phase3  India NCT04858633
post-exposure prophylaxis (PEP) for older
prevention of COVID-19
Phase 4...£ clinical trial of inactivated R Inactivated vaccine 18 to 59 years Phase4  Beijing, China NCT04962308
SARS-CoV-2 vaccine for prevention
of COVID-19 in healthy adults
Profiling antibody status and vaccine R Viral vector 18 years and  Phase 2/phase 3 Egypt
effectiveness in post-vaccination older
with SARS CoV2 in Ain Shams
University
NCT04885764
Clinical trial of efficacy, safety, and A,NR Viral vector 18 to 60 years Phase 3 Belarus NCT04564716
immunogenicity of
Gam-COVID-Vac vaccine against
COVID-19 in Belarus
COVAXIN in a pediatric cohort R Inactivated 2to 18 years  Phase 2/phase 3 India
NC-
T04918797
Safety and immunogenicity study of A, NR Inactivated vaccine 60 and older ~ Phase 1/phase 2 China
inactivated vaccine for prevention of
SARS-CoV-2 infection (COVID-19)
NCT04383574
Impact of the immune system on R mRNA-based vaccine 18 to 100 Phase 3 Belgium NCT04951323
response to anti-coronavirus disease years
19 (COVID-19) vaccine in allogene-
ic stem cell recipients (COVID
VaccinAllo)
C Drug: hydroxychloroquine Phase 3  India NCT04408456
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Table 2 (continued)

Title Status Interventions Age Phases Locations NCT number

Efficacy of hydroxychloroquine (HCQ) 18 years and
as post-exposure prophylaxis (PEP) older
for prevention of COVID-19

A study on the safety, tolerability, and R Adjuvant 18 yearsand  Phase 1  Australia NCT04495933
immune response of SARS-CoV-2 older
Sclamp (COVID-19) vaccine in
healthy Adults

Efficacy, immunogenicity, and safety of R Inactivated vaccine 18 to 64 years Phase2  Turkey NCT04824391
inactivated ERUCOV-VAC com-
pared with placebo in COVID-19

Clinical trial of efficacy, safety, and A,NR Viral vector 18to 111 Phase 3 Moscow, NCT04530396
immunogenicity of years Russia
Gam-COVID-Vac vaccine against
COVID-19

Safety and efficacy of a non-replicating R Recombinant 18 yearsand  Not India NCT04794946
ChAdOx1 vector vaccine AZD1222 older appli-
(COVISHIELD) for prevention of cable
COVID-19 in patients with liver cir-
rhosis

Lot-to-lot consistency of an inactivated A, NR Inactivated 26 to 45 years Phase4  China NCT04894227
SARS-CoV-2 vaccine for prevention
of COVID-19 in healthy adults

Study to evaluate the immunogenicity R Drug: 21 to 65 years Phase2  Argentina NCT04962906
and safety of heterologous Gam-COVID-Vac/Gam-COVID--
SARS-CoV-2 vaccine schemes Vac

Safety and immunogenicity study of A, NR mRNA vaccine 18t0o 99 years Phase 1 =~ Washington, = NCT04283461
2019-nCoV vaccine (mRNA-1273) USA
for prophylaxis of SARS-CoV-2 in-
fection (COVID-19)

Study of monovalent and bivalent R Adjuvanted recombinant protein 18 yearsand  Phase 3  Japan NCT04904549
recombinant protein vaccines against vaccine older
COVID-19 in adults 18 years of age
and older

Safety and immunogenicity of an A,NR Viral vector 18 to 60 years Phase 1  India NCT04751682
intranasal SARS-CoV-2 vaccine
(BBV154) for COVID-19

Phase I clinical trial of a COVID-19 A,NR Recombinant vaccine 18 to 60 years Phase 1 ~ China NCT04313127
vaccine in 18-60 healthy adults

Third dose of Moderna COVID-19 A,NR mRNA vaccine 18 yearsand ~ Phase 4 Canada NCT04885907
vaccine in transplant recipients older

Safety, tolerability, and A,NR Virus-like particle 18 years and ~ Phase 1/phase 2 Canada
immunogenicity of the COVID-19 older
vaccine candidate (VBI-2902a)

NCT04773665

Polio vaccine (IPV) for SARS-CoV-2 R Polio vaccine 18 to 80 years Phase4  USA NCT04639375

and prevention of coronavirus dis-
ease (COVID-19)
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lesser side effects. This concept can produce a health care
approach and also as a placebo effect. The social life of the
people can be improved and also the mental health.

This economical, safe, user-friendly combination strategy
can be used by all individuals as a health care regime and also
as a placebo effect. This combination can help in improving
the social life of the people and improved focus on the work-
place, which helps in improving the country’s economy.

The parent component used in this formulation is easily
accessible and economical. Since the input is economical,
the output is also economical and it can be easily accessed too.

The herbal or natural products are environment-friendly
and accessible. The waste material and by-products are biode-
gradable and environment-friendly. The main concept behind
is the mother nature that has provided the remedy for all the
disease and ailments what the living things face (Karthika and
Sureshkumar 2021). The other natural regimen used for the
treatment of depression is given in Table 3.

Current aspects and future perspective
Several sensitive measures should be proposed to control

COVID-19 transmission in the population. The first and most
important strategy is to limit personal contact and maintain

Table 3  Natural remedies used for the treatment of depression

personal hygiene. The governments of various countries had
taken a variety of preventive measures to halt the virus’ global
spread. Special precautions should be taken to prevent disease
spread and transmission to vulnerable populations such as
pediatrics, geriatrics, and health care professionals. The gov-
ermnment is introducing various schemes and funding to entice
researchers to work in the COVID-19 field (Zhu et al. 2020,
Ngandu etal. 2015, Wang et al. 2020a, b, ¢, Toots et al. 2019).
When physical contact is made with contaminated and wet
objects, such as urine and fecal matters, which are thought to
effectively deal with the virus, an alternative route of trans-
mission of this disorder is established. As a result, physicians
and other healthcare workers should wash their hands regular-
ly. According to various reports, health care workers and their
families are also becoming infected with this virus. According
to reports, coronavirus cases are seen twice or three times in
the same person. Almost every country has implemented trav-
el screening as a control and preventive measure to prevent the
virus from spreading further on a global scale; in the mean-
time, they have imposed restrictions on airway transport (Cui
et al. 2019; Ngandu et al. 2015).

The high mortality rate in the population is primarily due to
patients weakened immune systems. On the other hand, the
patient’s recovery rates must also be taken into account.
Approaches or remedies are used to boost an individual’s

SL. Natural remedies
no

Short presentation

References

1 Wu Wei: principle of
non-resistance
2 Lavender

Let the things happen in their way, accept. If there is a storm, let it roar; one day, it will calm
down by itself. This is a Taoist saying, before 2500 years ago by a Chinese Philosopher.
Blue—violet inflorescence acts as a relaxant, useful as an anti-depressant. Infusions can be

Chen et al. 2016

Kianpour et al. 2016

used for internal and external use. Tea with lavender helps to calm down, act as anger
soothe, aid relaxation and is useful with depression and insomnia.

Aerobic exercise against
depression

Reports suggest that walking and exercise can reduce depression. But in this pandemic,
walking outside is not considered to be safe; hence, doing exercise and practicing Yoga
indoor safely is advisable.

Chromotherapy is mainly based on the idea that colors can have a positive impact on our
health and our mood. There is the hypothetic report that colors can produce an
electromagnetic wave which indeed can help with the synthesis of hormones such as
melatonin and serotonin. A room with white lights than dim lights can help inward off

Osmanthus fragrance can produce an anxiolytic effect with its sedative and calming action
and can be used as diffusion in rooms with an oil burner.

Vitamin D can improve mood, will support the immune system, and can improve brain
function. The potent candidate as an anti-depressant and in COVID treatment.

Hyssop plant can be used in the cases of bronchitis or cough condition, as an expectorant; in
addition, it has an anti-inflammatory property and as anti-depressants. It can be used for
the management and mitigation of depression and against the coronavirus.

An anti-viral and anti-depressant combination is effective during this COVID-19 situation.

With its antispasmodic, anti-inflammatory, and anti-depressant effect, it revitalizes itself

4 Chromotherapy, the power
to heal with colors
depression.
5 Osmanthus essential oil
6 Vitamin D
7 Hyssop
Clove essential oil
9 Angelica essential oil
during the COVID crisis.
10 YlangYlang essential oil

Its relaxing and calming action is helpful during insomnia, irritability, anxiety, and
depression conditions.

Herbert et al. 2020

Chappaz et al. 2017

Pai et al. 2020

Menon et al. 2020,
Mitchell 2020

Irshad et al. 2020

Hussain et al. 2017
Zhou et al. 2020

Rezaie-Keikhaie
etal. 2019
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immune system. One such method is to drink lemon water.
The lemon is regarded as a natural immune booster and can
serve as a preventive measure against this viral attack to some
extent. Another measure is to gargle with hot water, which can
wash out the virus in the throat and prevent its growth and
multiplication. However, it is unclear how far these remedies
will go. In addition, to the evolution, adaptation, and spread of
the disease, the major challenges that should be effectively
monitored are epidemiological changes and mutation. It has
also been reported that the disease has spread to pet animals
such as dogs (Cui et al. 2019; Bassetti et al. 2020). Other
questions about this pandemic situation remain unanswered.
Despite this, there is a belief that mother nature has a cure for
all diseases and pain in humans and animals. Will she also
have a cure for this pandemic situation? The mother is healing
herself, which is good news during this situation.

Conclusion

COVID-19 is a condition that must be investigated and care-
fully considered. There is a strong push for the development of
novel formulations or drug development to combat the infec-
tion’s attack. Vaccines and new drugs require time to be de-
veloped in order to pass quality, safety, and efficacy tests. As a
result, it is advised to rely on herbal remedies that are consid-
ered safe and can be used as an effective tool for the manage-
ment of this infection. Nature has endowed us with a tremen-
dous inherent ability to combat pandemic issues such as
COVID-19. A combination strategy could be an effective
method to use. The combination of the two drugs can be
two herbals such as flavonoids or a chemical moiety and herb-
al remedy, but the compatibility studies should come first.
One such example is the use of quercetin in conjunction with
a prophylactic agent to produce a synergistic effect. Quercetin
has the ability to inhibit hemagglutinin-esterase, which is
found in the virus structure. Curcumin is also an effective
agent with anti-viral and anti-inflammatory properties. The
use of volatile anti-viral agents can also aid in the treatment
of corona viral infection to some extent. Because the lungs and
upper respiratory tract are the primary organs affected by this
infection, the volatile nature of the drugs can be useful in the
management and prevention of this infection. To some extent,
selecting the appropriate delivery or formulation could also
help. The use of nanoparticles in the treatment of pulmonary
infections is well documented. The surfactants used in the
formulation of the nanoparticles aid in reducing the interfacial
tension between cells and even the alveoli, making drug de-
livery much more beneficial when using nanotechnology.
Several vaccines have been developed, and others are in dif-
ferent phases of clinical trials, but still, any treatment options
were not developed which can completely prevent the

@ Springer

COVID-19 infection. Hence, further research will continue
to make successful treatment options to eradicate this virus.
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