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Abbreviation

Full-Form

CBD

Cannabidiol

SARS-COV-2

Severe Acute Respiratory Syndrome
Coronavirus 2

ACE2

angiotensin-converting enzyme 2

COVID-19

Coronavirus Disease 2019

MERS

Middle East Respiratory Syndrome

GRP78

Glucose Regulating Protein 78
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Interleukin 6
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RNA-dependent RNA polymerase

GDP

Gross Domestic Product

HR-pQCT

high resolution peripheral quantitative
computed tomography

BMD

bone mineral density

HCQ

Hydroxychloroquine
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acute respiratory distress syndrome
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tetrahydrocannabinol
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Center of Disease Control and prevention
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Receptor binding domain
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Executive Summary

In December 2019, a new outbreak of pneumonia emerged in China, which was identified as
SARS-CoV-2, which has a rapid spread as it is transmitted mainly through coughing, sneezing or
contact. It presents various symptoms such as fever, dry cough and myalgia. It can affect any age,
being mainly mild and with spontaneous resolution, but in older people and/or with comorbidities,
and it can present a severe or fatal course. For its diagnosis, it is important to evaluate the presence
of fever, perform an epidemiological history, chest CT and laboratory tests such as RT-PCR or
respiratory tract samples. A systematic qualitative review was carried out by searching the Medline
and Clinical Key databases. Seventy-two articles were found, which were read completely; 16 of
them met the inclusion and exclusion criteria. Most of the dental actions produce drops or aerosols;
for this reason, protection measures must be taken, selection of patients and types of treatments to
reduce the possibility of infections in health personnel and patients, evaluate the use of rubber dam
and mouthwashes prior to care, avoid aerosol-generating instruments, postpone elective care, treat
only dental emergencies, and take extreme measures to disinfect the facilities using biocidal agents
that are effective against the coronavirus. Transmission by fomites and aerosols is proven, so we
must take extreme precautions. In pandemic situations, it is necessary to consider providing
psychological support to patients, especially with psychosomatic oral pathologies which can
worsen. The possibility of transmission in the recovery period is neither proven nor ruled out.

Moreover, this can be attributed to its interaction with apelin that is present in the body. Apelin or
its receptor agonists have an excellent potential for treating or reducing the spread of the SARSCOV-2 virus. The apelin may represent a novel molecular target that will be able to improve the
protective effects of the endocannabinoid signalling in the body. Along with dealing with SARS-
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COV-2, this may be even able to reduce the amount of lung damage that the virus cause. CBDs
regulate apelin and other receptors in the lungs as it helps in improving the lung functions and the
reduction of the virus's damage to the body.

CBDs are effective when it comes to acting as an anti-inflammatory agent. It may be due to how
well it can do due to its interaction with apelin. CBD has been shown to have a wide range of antiinflammatory effects inside it. Malinoswska et al. (2021) noted that it could help reduce the
negative consequences of hypoxia and ischemia within patients. A small dose of CBD may prove
to be beneficial when treating children with neonatal asphyxia due to their mothers suffering from
the COVID-19 virus.

Cannabis smoke contains many chemicals known to be toxic and carcinogenic, like tobacco
smoke. Cannabis smoking is related to a higher incidence of chronic cough with production of
phlegm, branch stenosis and symptoms that also affect the upper airways. In addition, long-term
cannabis smoking can worsen respiratory symptoms and exacerbate chronic bronchitis episodes.
In countries where cannabis is used legally, such as Canada, the rates of cannabis use have
increased in recent months. The elderly have a higher risk of developing respiratory and
cardiovascular complications, and the prevalence of cannabis smoking in those with COVID-19
could increase the risk.

There are some limitations of the research, which includes the active compound in patients is
probably the metabolite 7-OH-CBD, the same one involved in the treatment of epilepsy. Another
mechanism that contributes to the antiviral activity of CBD is the modulation of interferon after
activation of the host immune response to the viral pathogen. Although the study was initially
conducted in beta, the authors believe that CBD blocks viral replication after cell entry and is,
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therefore, likely to be effective against mutant viral variants (Osipiuk, 2021). A substantial
reduction in the risk of SARS-CoV-2 infection by approximately one order of magnitude in
patients taking FDA-approved CBD highlights the potential efficacy of this drug in combating
SARS. Another mechanism that contributes to the antiviral activity of CBD is the modulation of
interferon after activation of the host immune response to the viral pathogen. The paper concludes
with future recommendations.
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1.

Introduction
1.1.

Research Background
1.1.1.

How SARS-COV-2 differs from other variants of SARS

There are seven different types in the coronavirus group. Most of them only cause mild
colds. However, like the Sars pathogen 2002/2003, Sars-CoV-2 uses a particular way to penetrate
the cells of the body, particularly effectively. Therefore, the virus is particularly dangerous for the
lungs and attacks the vessels in other organs.
The genome of the SARS-CoV-2 virus that caused the new crown epidemic is composed
of nearly 30,000 nucleotides. Nucleotides are molecules that contain instructions for the amino
acids that make up their protein. But like all viruses, this genetic code is not static. When a virus
infects a cell, it produces thousands of copies of itself, and sometimes errors occur in the process.
These errors-or mutations are mostly harmless and will not cause a considerable change in the way
the virus infects and spreads among people. But sometimes, these genetic changes can help the
virus stay one step ahead, making the variant more contagious and spread more quickly.
Mutations may cause changes in any part of the virus, but the subtle adjustment of its spike
protein is the change that researchers are most worried about. These spike proteins allow the virus
to attach and invade the cells of its host. Variants with significant mutations in the spike protein
are listed by the WHO as "variants of concern" because they are related to increased transmission
and severity and may have an impact on immunity. According to Professor Mackey, "These
mutations can make the spike protein bind more closely to the receptors of human cells, so the
success rate of the binding will be higher than if there is no tight binding”. Although spike
mutations have gained attention, other modifications may also give SARS-CoV-2 variants an
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advantage. Other errors in the genetic sequence can help the virus make more copies in human
cells.
Coronaviruses have been known for a long time. This pathogen was first discovered in
humans in the 1960s. Four types of viruses circulate in the population worldwide: CoV OC43,
CoV NL63, CoV 229E, and CoV HKU1. They are responsible for about ten per cent of the
common colds, but most of them take a mild course. Two other coronaviruses (Sars-CoV and
Mers-CoV) triggered minor epidemics in 2003 and 2012.
Experts can know the known viruses, and the new Sars-CoV-2 can be distinguished from
one another by the genetic fingerprint. The spread of these six coronaviruses and other pathogens
that cause respiratory infections is monitored daily. The network for respiratory viruses has been
collecting laboratory results from patients with symptoms in Germany since 2009. The researchers
know that some types of coronaviruses prefer autumn and winter through these regular
examinations, while others also remain active in summer. At the end of 2019, scientists in China
discovered a novel coronavirus that causes particularly serious respiratory diseases. This virus was
named Sars-CoV-2 by the World Health Organization in February 2020. Coronaviruses behave
very differently, even though they belong to the same virus family. But the new pathogen has a
particularly dangerous property that Wodarg ignored.
All coronaviruses use a protein on their outer shell to penetrate the cells of the body and
certain entry ports into human cells. Like the Sars pathogen from the 2002/2003 epidemic, SarsCoV-2 uses the ACE2 receptor as a gateway. However, according to initial studies, the new virus
binds ten to twenty times more strongly to this receptor than the causative agent of the first Sars
epidemic.
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Usually, one of the jobs of the ACE2 protein is to protect the lungs from damage. This
important function of ACE2 seems to be suppressed by the infection with Sars-CoV-2. This
receptor is also found on heart muscle cells and cells that form blood vessels. The ACE system is
one of the most important regulatory systems in the body and has a very large effect on the
cardiovascular system.
Pathologists at the University Hospital Zurich discovered during autopsies that the Covid
19 deceased did not only suffer from inflammation of the lungs. The inflammation affects the
entire vascular system (endothelium) of various organs: heart, brain, lung, and kidney vessels, as
well as vessels in the intestinal tract. With previous illnesses such as high blood pressure, diabetes,
heart failure, or coronary heart disease, the function of the endothelium is already restricted. This
explains the high death rates among people with previous illnesses.
The endothelium of younger patients usually copes well with the attack of the virus, report
the Zurich researchers. This finding by the pathologist is nothing more than a first clue. Research
into whether the mechanism via the ACE2 receptors is one of the reasons for the higher mortality
with Sars-CoV-2 compared to the other coronaviruses will take years.
Like all viruses, the SARS-CoV-2 coronavirus also mutates, i.e., the genetic material of
the virus changes. Most of such changes, called mutations, are without serious consequences.
However, some mutations can change the genome and thus the virus in certain properties in such
a way that worrying variants arise. Virus variants are considered "worrying" if, for example, they
are more contagious or if the immune system of people who have already recovered or who have
been vaccinated is less able to fight off these virus variants.
The following virus variants (Variants of Concern, VOC) of SARS-CoV-2 are currently
known:
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● The Delta variant (B.1.617.2) is currently the most widespread in Germany. This variant was
first discovered in India and has now spread widely in many countries. The delta variant has
mutations that increase the transferability of the virus. The Delta variant is significantly more
contagious than the Alpha variant. Studies have shown that even infections with the Delta variant
provide good protection against symptomatic infection and very good protection against severe
disease after full vaccination. However, after only one of two necessary doses of the vaccine,
decreased efficacy in relation to mild courses has been demonstrated.
● The South African Ministry of Health first reported on the Omikron variant (B.1.1.529) in
November 2021. On November 26, 2021, the World Health Organization (WHO) declared
Omikron a worrying virus variant. Omikron is now the predominant variant in South Africa and
has already been proven in many other countries around the world. Cases have also become known
in Germany. This virus variant was created independently of the currently predominant Delta
variant. Omikron has an unusually high number of mutations in the spike protein compared to the
original SARS-CoV-2 virus variant from Wuhan. These include mutations that are known to make
the virus more transmissible. For many mutations, however, the meaning is still unclear. The
protective effect of the corona vaccination against the Omikron variant cannot yet be finally
assessed. Intensive investigations are ongoing for omicron.
● The variant Alpha (B.1.1.7) was discovered in Great Britain. At the end of 2020, it was reported
that this variant was spreading there for the first time. The alpha variant is easier to transfer than
the conventional SARS-CoV-2. People who carry this virus variant infect more people on average.
There is also evidence that infections with the virus variant Alpha are associated with increased
mortality, regardless of age. After this virus variant was dominant in spring 2021, it is now only
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rarely detected in Europe. There is no evidence that the effectiveness of the COVID-19 vaccines
against this variant is significantly reduced.
● The variant Beta (B.1.351) was identified in South Africa at the end of 2020. A higher
transferability is also assumed for this variant. There is also evidence that a previous infection with
the original SARS-CoV-2 and the COVID-19 vaccines are less effective in protecting against
infection with this virus variant.
The variant Gamma (P.1) was first identified in the Brazilian state of Amazonas. The
changes are similar to the beta version. Here, too, increased transferability is assumed. There are
indications that those who have recovered or have been vaccinated are less well protected against
the variant gamma.

1.1.1. The impact of SARS-COV-2 on the world
In December 2019, in the city of Wuhan, China, a new outbreak of pneumonia of unknown
origin emerged, which has spread rapidly around the world (Ge et al., 2020). According to the
report of the World Health Organization (WHO), as of March 25, there are a total of 413,467
confirmed cases and 18,433 deaths in the world, affecting 197 countries, being described as a
pandemic and the greatest public health challenge in the world (World Health Organization, 2020).
This new pneumonia managed to be isolated, and its genome was sequenced, receiving the
name of SARS-CoV-2 or COVID-19 (Huh et al., 2020), presenting a genetic similarity of 79%
with SARS-CoV and 50% with MERS-CoV, all of the β-coronavirus family (Van Doremalen et
al.,2020). Most coronaviruses cause mild respiratory illnesses in humans. However,
βcoronaviruses cause fatal respiratory illnesses (Peng et al., 2020).
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This new virus is characterized by a rapid spread, surpassing MERS-CoV and SARS-CoV.
There is direct person-to-person transmission by inhalation of droplets produced when talking
loudly or laughing since saliva contains viruses in infected patients. However, the possible vertical
transmission between mother and newborn has yet to be corroborated (Xu et al., 2020).

Routes of Transmission COVID-19
Typical symptoms are fever, dry cough, myalgia, fatigue, and dyspnea with an abnormal
chest tomography (CT) showing bilateral pneumonia, ground-glass opacity, and/or bilateral
irregular shadows. Atypical symptoms are sputum production, headaches, hemoptysis, diarrhoea,
dizziness, abdominal pain, nausea, vomiting, confusion, and sore throat (Sohrabi et al., 2020
Epidemiological data indicate that all ages are susceptible. Still, men with a mean age of
56 years, individuals in close contact with symptomatic or asymptomatic infected people,
including other patients who are in health centres, as well as other patients who are in health
centres, have a higher prevalence than the medical team who make up a significant percentage of
infected people. The specific reasons for the failures of personal protective equipment (PPE) in
health equipment should be investigated (Sabino-Silva et al., 2020).
Most cases are mild and resolve spontaneously. According to data in China, 15% - 25% of
their cases are severe (Meng et al., 2020). Elderly patients and/or with comorbidity such as diabetes
mellitus (DM), arterial hypertension (HT), cerebrovascular, cardiac, endocrine, digestive,
respiratory, and immunosuppressed diseases are more susceptible to developing a severe infection,
and they may present acute kidney damage, acute respiratory distress syndrome, organ failure,
progressive respiratory failure, and even death (Meng et al., 2020). The incubation period ranges
from 2 to 19 days, with a mean of 5.2 days. Incubating or asymptomatic individuals can transmit
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the virus. Studies suggest that it should be demonstrated whether patients in the recovery phase
are a potential source of virus transmission (SabinoSilva et al., 2020).
The global SARS-CoV-2 mortality rate is 0.39% - 17.9%. An adjustment made to the
Wuhan data shows a mortality rate of 20% (Baud et al.,2020). Mortality increases with age. In
China, as of March 21, 14.8% was reported in ≥80 years, and 0% in ≤9 years. Other figures are
lower than SARS-CoV with 10% and MERS-CoV with 34%, but higher than seasonal influenza
with 0.01% - 0.17% (Center for Evidence-Based Medicine, 2020).
Studies have shown that, like SARS-CoV, it binds to the human angiotensin-converting
enzyme II (ACE II) receptor but cannot bind to cells that do not express this receptor. ACE II
receptors are abundant in the respiratory tract, especially in type II alveolar lung cells, and in
various organs such as the heart, kidney, and/or gastrointestinal. Within the oral cavity, we can
find them highly present in epithelial cells of the tongue (40.6% of those present in the oral cavity)
and to a lesser extent in the duct of the salivary glands and other oral and gingival tissues (Peng et
al., 2020). Due to their high genomic similarity, RCT II is an early target for SARS-CoV and
probably also for COVID-19, but it has not been reported in investigations. Organs with a high
ACE II receptors expression should be considered a potential risk of infection (Xu et al., 2020).

1.1.2. Existing cure and medication for SARS-COV-2
It is estimated that around the world, there are about 200 drugs under investigation to
combat SARS-CoV-2, most of which consist of antivirals. However, there are also numerous
examples of treatments that combat the ravages caused by the action of our immune system or
monoclonal antibody treatments.
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There are currently a large number of studies underway, most of them sponsored by the
solidarity project of the World Health Organization, in which more than 90 countries around the
world collaborate. Another outstanding initiative is the recovery trial, organized by the University
of Oxford, in which cases of more than 5,000 patients are analyzed. In Spain, the Carlos III hospital
keeps an account of more than a hundred research projects aimed at curbing Covid-19 and the
Spanish Agency for Medicines and Health Products (AEMPS). It collects on its website the
medical recommendations on the different drugs available and the latest news related to their
dosage or possible adverse effects. All efforts are few to find effective new treatments to combat
this new disease, but not all drugs are safe, nor are they all used under the same conditions. Here
is a list of the most used ones.

Antivirals
They are drugs that directly attack the virus called lopinavir and ritonavir, and interferon
beta 1-b could shorten the survival period of the virus in the body of hospital patients with
moderate symptoms. This combination of drugs is used for other viruses, such as HIV, and,
according to the study authors, is effective because of its potential to inhibit the protease, an
enzyme that both HIV and the new Coronavirus use to multiply.
It also belongs to this group., one of the most popular drugs against SARS-CoV-2,
belonging to the group of nucleoside analogue drugs, which act against the RNA polymerases of
the virus. The pharmaceutical company Gilead designed it as an effective treatment against the
Ebola virus, although it was later shown to be effective in treating other viruses, including another
coronavirus, the one that causes MERS.
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This drug was listed as the "star drug" against SARS-Cov due to the first preliminary
studies that were made public. However, its proven efficacy has been the subject of controversy,
especially after WHO leaked the results of the first large clinical trial to date. In which it was
concluded that the drug has more than discrete effects. Gilead took cover, claiming that those
results were not conclusive and that the trend of later reports would prove the potential benefits of
the drug, especially in those patients treated early. At the moment, we know that the Administration
of Medicines and Drugs of the United States approved on May 1 its use for patients in an advanced
stage of the disease. Despite this approval, in Spain, the AEMPS alleges that "it is a drug not well
characterized" and warns that its main adverse reaction is infusion hypotension and does not allow
its compassionate use, that is, outside of clinical trials.

Immune System Regulators
When the Coronavirus enters our body, it unleashes a coordinated response of the immune
system in different phases. Among the complex defensive battery of this will include the
phagocytes, in charge of destroying infected cells. In addition to pouncing on their potential
victims, these immune cells produce a secondary weapon called a 'Cytokine,' a protein that is
responsible for making a' call effect 'to the entire body to put it on alert. However, its excess can
be counterproductive. The so-called 'cytokine storm' can unleash inflammations with fatal
outcomes, especially in seriously ill patients or in advanced stages of the disease.
One of these cytokines is interferons, a molecule involved in the inflammation process
designed to fight the virus. As mentioned in the first point, the interferon-beta 1-b - administered
with two other antivirals is one of the drugs evaluated against Covid-19. But, paradoxically, there
are clinical studies that indicate that it could be more harmful than effective since it increases the
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amount of ACE2 receptors, cells offer more doors of entry to the virus. For this reason, for the
moment, the AEMPS does not include them among the possible effective treatments. "There is
currently no evidence from controlled clinical trials. Furthermore, there is recent evidence from
the Ordovas-Cordobés group in vitro showing how interferon is capable of increasing the
expression of ACE2 in human epithelial cells, which may favour infection," reads a statement.
Here is another paradox, faced with a 'cytokine storm' caused by the immune system, one
might think that the best solution would be to 'stop' or 'turn off' that 'defensive overactivity.' To
this end, there are numerous immunosuppressive drugs in the formulary. The problem is that,
precisely, the immune system is our main defensive weapon against the virus. The key here is to
find a molecule capable of extinguishing that excessive inflammation caused by cytokines without
crippling our defences.
In this idea, there are numerous clinical studies in which different drugs are investigated.
One of them is omicron, a molecule that neutralizes the biological activity of interleukin-1 (IL1),
the cytokine responsible for local inflammations. The AEMPS affirms that it is a drug used for the
chronic treatment of a series of inflammatory diseases, for which its use is authorized outside of
clinical trials - one of them carried out in Spain -although it states that its efficacy has not been
demonstrated.
Other potential drugs with the ability to 'appease' the immune system without harming it
are chloroquine and hydroxychloroquine. These are two drugs initially used to treat malaria, which
has subsequently been used to treat autoimmune diseases, such as rheumatoid arthritis. The AEM
warns that "so far, the information available on its antiviral action comes from in vitro studies and
series of patients with limitations in size and methodology" and that "different studies are being
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carried out to evaluate its efficacy and safety." Of course, he admits that although currently, the
data on its efficacy are limited, it is one of the commonly used drugs in the treatment of Covid-19.
However, the organization warns, these two drugs constitute a potential treatment for
Covid-19 and are being used extensively in clinical practice in Covid-19 patients, at doses higher
than those recommended in their authorized indications and frequently in association with the
antibiotic azithromycin. Like redeliver, chloroquine has been one of the star drugs of the pandemic,
driven above all by public statements by senior political leaders, such as the president of the United
States, Donald Trump, or that of France, Emmanuel Macron. However, successive clinical trials
have shown that in certain cases, it can do more harm than good. The National Institute of Allergies
and Infectious Diseases of the United States already stated in its day the risk that patients treated
with this drug could suffer a cardiac arrest. In addition to this adverse effect, health authorities,
including the Spanish Ministry of Health, has warned medical professionals that these drugs could
also cause psychiatric disorders, including acute psychosis, something that the AEMPT warns
about in their research.
Another drug in the clinical trial phase is tocilizumab (TCZ), an inhibitor of IL-6. A drug
also used for the treatment of rheumatoid arthritis and cytokine release syndrome is associated
with immunotherapy treatment. The AEMP reports that in March, this drug "was included in the
seventh updated diagnosis and treatment plan for SARS-CoV-2 issued by the National Health
Commission of China", although "it has not received approval from the health authority for this
indication in no country and at present, there is no solid clinical evidence regarding safety and
efficacy." This drug is one of the first to be incorporated into treatments against Covid-19, which
is why, according to the Spanish health authorities, it is one of the drugs on which there is more
clinical experience. It is used primarily to reduce the need for patients to receive mechanical
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ventilation, and there are studies in China that have proven its efficacy, although with a limited
number of patients.

Monoclonal Antibodies
When SARS-COV2 infects our body, it works by producing proteins called antibodies
designed to fight the antigen. One of the medical possibilities this immune response offers is to
use part of these proteins present in the plasma of infected patients to make drugs that act directly
against the pathogen. Another option is to clone these natural antibodies in a laboratory. It is what
is known by the name of 'monoclonal antibodies. These treatments, proven with success in other
diseases, such as cancer or Ebola, are perhaps one of the most promising, although their
development is not easy, nor is it cheap. That is why numerous international organizations,
including the European Commission, are joining forces to finance research projects in this area.
One of them is the MANCO (Monoclonal Antibodies against 2019-New Coronavirus) project, in
collaboration with research groups, biotechnology companies, and medical organizations from
different countries, including the National Center for Biotechnology (CNB).
Among the most interesting conclusions is that of a team of researchers from the
University of Utrecht, in the Netherlands: in an experiment tested with humanized mice
(genetically modified with human cells) to produce antibodies that attack protein S, the spike that
the virus used to enter human cells. They discovered that one of the antibodies used could
neutralize the new Coronavirus. One of the main benefits of the study of antibodies for the
treatment of Covid-19 is its transversality since it allows incorporating some of the advances
proven in areas such as cancer research into the fight against the new pathogen. This is the case of
Trastuzumbal, a proven breast cancer drug that uses a monoclonal antibody that mimics the
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immune system. In Barcelona, a group of experts led by Joan Seoane, Director Of Translational
Research At The Valld'Hebron Institute Of Oncology, has developed a monoclonal antibody that
stops a protein involved in the progression of tumours that could also be used to develop a drug
against Coronavirus. The results of research like this could take a definitive step that helps us
permanently fight the virus until the world has an effective vaccine.

1.2 The role of CBD as medicine for lung-based diseases
Cannabis is the Latin term for hemp. People have been using this plant for thousands of
years: the fibres are used to make ropes, and the seeds are used to make oil. The intoxicants hashish
and marijuana can be extracted from dried flowers and leaves. For some time now, more research
has been carried out into the medicinal effects of cannabis. The medicinal effects of hemp are
mainly due to the ingredients tetrahydrocannabinol (THC) and cannabidiol (CBD). THC has an
intoxicating and relaxing effect, and it can reduce nausea (Devinsky et al., 2014). CBD has an antianxiety effect and can reduce inflammation.
Prescription of Cannabis
Since 2017, statutory health insurance companies have been assuming the costs of cannabis
medicines in certain cases. There are strict requirements for this:
● There is a serious illness.
● Recognized medical treatment is not available or, according to a doctor's judgment, is not
possible.
● There is a not entirely distant prospect that the course of the disease or severe symptoms will
noticeably improve.
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The doctor will assess whether these requirements are met. Before the first prescription, you must
obtain approval from your health insurance company. Then you will receive a so-called narcotics
prescription in the doctor's office.
Consideration of CBD as a medicine
Cannabis has been examined for the following diseases or ailments, among others:
● Permanent (chronic) pain
● Muscle spasms in multiple sclerosis or paralysis of the legs
● Nausea and vomiting, for example, as a result of chemotherapy
● unwanted weight loss, for example, as a result of AIDS
Whether cannabis is an option for you for these complaints depends on which other
treatments would be possible and whether the risk of side effects appears acceptable. Most of the
time, cannabis is not given to you in addition to the medication you are already taking. It has only
been studied as an adjunct drug.
Effectiveness of CBD for Lung Diseases
So far, there are not enough good studies that it is not possible to judge with certainty how
effective cannabis is. For persistent pain, muscle cramps, nausea, or weight loss, studies suggest
that drugs containing THC can relieve symptoms. However, the observed effect was mostly rather
minor. Cannabis does not help against sudden ailments. It takes a while for it to work. Cannabis
has so far not been able to help with the following diseases: inflammatory bowel disease,
Parkinson's disease, movement disorders, tremors, Huntington's disease (a rare hereditary disease)
or bladder weakness as a result of multiple sclerosis. There are no good studies on other diseases
(Keeberger & Peden, 2005). Cannabidiol is approved for a rare form of epilepsy but is currently
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advertised as an aid for many ailments. There is currently insufficient evidence that it works against
this.
Side effects of using CBD
The most common side effects of cannabis include tiredness and poor concentration. The
following symptoms can also occur mood swings, dizziness, dry mouth, dry eyes, muscle
weakness, increased appetite, racing heart, sudden drop in blood pressure and heart problems. No
life-threatening complications have been reported after the medical use of cannabis. Cannabis
increases the risk of getting mentally ill and developing delusions (psychosis). Around one in three
people discontinues long-term treatment with cannabis because of side effects.
Anyone who takes cannabis for a long time becomes insensitive to many of its effects. One
speaks of tolerance (Voulo et al., 2019). Anyone who suddenly stops cannabis can develop
withdrawal symptoms. Do not use cannabis if you are pregnant or have had psychosis or other
serious mental illnesses. Caution is advised in the case of severe cardiovascular diseases.
Types of CBDs used for Medical Purposes
The doctor can prescribe different types of cannabis products:
● The active ingredients nabilone and nabiximols are available as ready-made drugs in pharmacies,
as capsules or as an oral spray.
● The active ingredient dronabinol is available in Germany as a so-called prescription drug. The
remedy is prepared for you personally in the pharmacy, usually as oily drops that you take.
● There is also medicinal hemp in the form of dried flowers or plant extract. Both have to be heated
for the ingredients to work. An evaporator is suitable for this.
The leaflets accompanying the cannabis medication list addiction as a possible side effect.
The available data do not allow any conclusions to be drawn as to whether cannabis drugs are
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addictive in the amounts that have been investigated in studies. No such cases are known to date.
Another reason for this is that most of the studies didn't last long enough.
Recommendations for using CBD
● If cannabis is an option for you for medical reasons, you should receive finished or prescription
drugs. Unlike flowers and extracts, these do not vary in their composition and effectiveness.
● Because of their harmful effects, experts advise against smoking flowers as a joint or mixing
cannabis drops in liquids.
● You should not actively participate in road traffic at the beginning of treatment or when the dose
is adjusted.
Chronic obstructive pulmonary disease is a progressive, life-threatening lung disease that
mainly causes shortness of breath (initially during exertion), fatigue and hypoxia, which can easily
lead to serious diseases. Although relatively few people have heard of this disease, on average,
one person dies from this disease every ten seconds in the world (Burstein, 2015). Traditionally,
such conditions are treated with old-fashioned medical methods, but why not prevent them or
relieve symptoms without the adverse effects of antibiotics and hormones? Unfortunately, there is
no solid research on cannabis products (especially CBD) in the treatment of chronic obstructive
pulmonary disease; however, CBD has shown great promise in relaxing airway muscles, allowing
more oxygen to pass through, and reducing anxiety and shortness of breath (Maier, 2002).
Due to the increase in the number of smokers in developing countries, the reduction in
mortality from infectious diseases, and the widespread use of biomass fuels (such as firewood,
grass or other organic materials), the prevalence of chronic obstructive pulmonary disease is
increasing worldwide. Death from chronic obstructive pulmonary disease may also be more
serious in developing countries than in developed countries. The chronic obstructive pulmonary
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disease has been diagnosed in 64 million people. It caused 3.2 million deaths worldwide in 2015
and is expected to become the third leading cause of death in the world by 2030.
As mentioned earlier, mainly due to COPD is tobacco smoke (including passive smoking ). Other
risk factors include.
● Indoor air pollution.
Air pollution:
Dust and chemicals (vapors, irritants and fumes) are present in the workplace. Lower
respiratory tract infections often occur in childhood. The most harmful substance to the lungs is
dust containing cadmium and silicon. Among the occupations of construction workers, workers in
the metallurgical, cement, and chemical industries may be riskier.
Genetic factors
The most valuable gene mutation that causes this disease is a α-1-antitrypsin deficiency,
which is the main cause of emphysema in non-smokers and greatly increases the susceptibility of
smokers to this disease. In addition, there are more than 30 alleles of more than 30 genes found in
some populations that are related to the development of COPD or decreased lung function, but the
most important of them is an α-1-antitrypsin deficiency.
Symptoms of chronic obstructive pulmonary disease
Chronic obstructive pulmonary disease develops slowly and manifests itself in people over
40-50 years of age. The most common symptoms of chronic obstructive pulmonary disease are.
• Shortness of breath.
• Chronic cough.
• Sputum secretion;
• Respite, other more serious symptoms.
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• Blue lips or nails.
• Frequent colds.
• Lose weight unintentionally.
• The chest is stuffy.
• Swelling of the feet and ankles.
• Extremely tired, Life-threatening chronic obstructive pulmonary disease can be complicated by
the following conditions.
• Severe weight loss.
• Pneumothorax.
• Acute decompensation with frequent episodes.
• Right ventricular failure or acute or chronic respiratory failure.
As the patient's health deteriorates, performing normal daily activities, such as climbing
stairs or carrying bags, may be a challenge. In addition, patients often experience aggravation,
from a few days to a few weeks of severe asthma, cough, and severe episodes of sputum secretion.
These episodes can lead to a major need for emergency medical care (including hospitalization).
Diagnosis and treatment
People with the above symptoms are usually suspected of having chronic obstructive
pulmonary disease (COPD). A breath test to confirm the diagnosis is called spirometry. It
measures how much air a person can exhale quickly at one time with the best effort. The medical
history, physical examination, and chest X-ray are to make a complete and accurate diagnosis.
The availability of opportunities for diagnosis and treatment of chronic obstructive
pulmonary disease depends on the level of resource supply. Unfortunately, the chronic obstructive
pulmonary disease is incurable. However, existing drugs and physical therapy can relieve
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symptoms, increase exercise capacity and quality of life, and reduce the risk of death. Smoking
cessation is the most effective and economical treatment for smokers' chronic obstructive
pulmonary disease. This will delay the progression of the disease and reduce deaths from causes
related to COPD. Some (but not all) patients with chronic obstructive pulmonary disease benefit
from inhaled corticosteroids. Treatment also includes
● Bronchodilators (enlarge the lumen of the bronchus).
● Mucolytics (dilute sputum).
● Antibiotics (resistance infection).
● Drugs that reduce the tension of bronchial smooth muscles.
In the later stages of the disease, lung volume reduction surgery or transplantation is used.
However, in the absence of medical assistance and treatment, approximately 50% of patients with
severe chronic obstructive pulmonary disease die within ten years of diagnosis. Therefore, if the
medicine has not found a cure for this lung disease, perhaps an alternative method can be used.
Evidence that CBD is particularly helpful for chronic obstructive pulmonary disease so far,
there have not been many studies and conclusive evidence that Cannabidiol is specifically used to
treat patients with chronic obstructive pulmonary disease; however, the preliminary results are
encouraging.
Reduce inflammation
Inhalation exposure induces airway inflammation and alveoli. , Which leads to the
development of diseases in genetically susceptible people. In patients with chronic obstructive
pulmonary disease, activated neutrophils and other inflammatory cells release proteases as part of
the inflammatory process. Protease activity is better than anti-protease activity, leading to tissue
destruction and excessive mucus secretion. Go further. A 2014 study of CBD in mice showed that
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CBD could help reduce inflammation and improve lung function in mice with damaged lungs
(Riberiro et al., 2015).
The activation of neutrophils and macrophages can also lead to the accumulation of free
radicals, which can lead to bronchial obstruction, mucosal oedema and mucus accumulation. Six
hours after the induction of lung inflammation, the mice were injected with 20 and 80 mg/kg of
CBD. Twenty-four hours later, after the inflammation was induced, the lung mechanics and the
level of inflammation was evaluated. The results are shown below -CBD total resistance and
reduced lung elasticity, decreased the migration of leukocytes to the lungs, and thus antiinflammatory immune response, and reducing the production of pro-inflammatory cytokines (TNF
and IL-6) and chemokines (MCP -1 and MIP-2). In bronchoalveolar lavage fluid.
As with any life-threatening illness, fear and shortness of breath can cause severe anxiety
disorders. Inability to cope with daily life and combat constant stress may be one of the important
complications of chronic obstructive pulmonary disease. Fortunately, many personal testimonies
and early studies have shown that CBD is useful for those experiencing anxiety. A study by Scott
Shannon and others in a 2019 study pointed out that the consumption of CBD helped 72 people
with anxiety and sleep disorders, making them feel more relaxed and less worried (79% of people
reduced anxiety, 66.7% of people improved their sleep).
Respiratory tract infections (prone to patients with chronic obstructive pulmonary disease)
can promote the progression of lung destruction. Bacteria, especially Haemophilus
influenzae colonization in the respiratory tract of up to 30% of chronic obstructive pulmonary
disease patients. Bacterial colonization in Pseudomonas aeruginosa or other gram-negative
bacteria colonization in patients with more severe disease is very common (for example, patients
who had previously been hospitalized). (Blaskovich et al., 2019) presented the research at the
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American Society for Microbiology meeting. Mark Center for Biological Sciences of the
University of Queensland Institute of Molecular Blaskovich Dr. investigated the CBD for external
use in a variety of infectious skin diseases in which cannabidiol in the fight against gram-positive
bacteria, including those on antibiotics (vancomycin or daptomycin Vegetarian) highly resistant
bacteria. In addition, CBD has been shown to disrupt biofilms, a physical form of bacterial growth
that causes infections that are difficult to treat.
Smoking and obstruction of the airway can lead to impaired mucus clearance in the lower
respiratory tract, which can easily lead to infection. Repeated infection cases will increase the
inflammatory process, leading to the rapid development of the disease. However, there is no
evidence that long-term use of antibiotics can slow the progression of COPD.
So far, there has been a lot of controversy surrounding the method of consuming marijuana,
but it is believed that smoking marijuana is harmful to patients with lung diseases. Generally
speaking, there is no filter on the marijuana "joint". Compared with cigarettes or other tobacco
products, people tend to inhale smoke deeper into the lungs. The American Thoracic Association
strongly discourages smoking marijuana on the grounds that it may cause the lungs to form obvious
bullae, which may burst and cause the lungs to collapse. This situation is more likely to happen to
young cannabis users under 45.
However, there are alternatives to smoking. Many people who did not smoke before but
want to get the benefits of medical marijuana can choose to ingest the product through edible items
(such as biscuits, brownies, capsules, gummies), smoking, or sublingual oil.

1.3 Research Aims and Objectives
In the research paper, we aim to look at the secondary data and research available online
in order to discuss the containing COVID-19 pandemic and the emergence of SARS-CoV-2
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highlight the need for novel therapies. Cannabidiol (CBD) reduces SARS-CoV-2 infection in cells
and mice, according to this study. CBD and its metabolite 7-OH-CBD inhibit SARS-CoV-2
multiplication in lung epithelial cells more effectively than THC or other congeneric cannabinoids
examined. CBD works after SARS-CoV-2 has entered the body, blocked viral gene expression
and reversed many of the virus's effects on host gene transcription. CBD suppresses SARS-CoV2 replication by upregulating the IRE1 RNase endoplasmic reticulum (ER) stress response and
interferon signalling pathways in the host. CBD (100 mg/ml oral solution per medical records) had
a substantial negative correlation with positive SARS-CoV-2 testing in matched groups of human
patients from the National COVID Cohort Collaborative.
The research has identified CBD as a possible prophylactic agent for early-stage SARSCoV-2 infection, and further clinical trials are warranted. At this time, we advise against using
non-medical formulations such as edibles, inhalants, or topicals as prophylactic or therapeutic
therapy. Coronavirus disease 2019 (COVID-19), a pandemic that has swept the globe in the last
year, is caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). SARSCoV-2 is the eighth coronavirus species to infect humans and is linked to the severe acute
respiratory syndrome-associated coronavirus (SARS-CoV). SARS-CoV, 229E, NL63, OC43,
HKU1, and MERS-CoV are among the coronaviruses that produce symptoms ranging from the
common cold to more serious diseases. Despite the availability of vaccination, SARS-CoV-2
continues to spread fast, emphasising the need for alternate therapies, particularly for communities
that do not have access to immunisations.
Just a few medications currently block SARS-CoV-2 replication and viral generation.
SARS-CoV-2 is an enveloped virus with a positive-sense single-stranded RNA (+ssRNA)
envelope and four structural proteins that promote viral particle production. The virus membrane
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proteins spike (S), membrane (M), and envelope (E) help to induce virion budding while also
attracting the nucleocapsid (N) protein and viral genomic RNA into nascent virions. SARS-CoV2, like SARS-CoV, enters human cells primarily through binding of the viral S protein to the
angiotensin-converting enzyme 2 (ACE2) receptor (3–5), after which the S protein is proteolysed
into two non-covalently bound peptides (S1, S2) that facilitate viral entry into the host cell by
transmembrane protease, serine 2 (TMPRSS2) or other proteases.
Following proteolytic cleavage by TMRSS2 or other proteases, the N-terminal S1 binds
the ACE2 receptor, while the C-terminal S2 causes viral-cell membrane fusion. Depending on the
cell type, viral entry can occur after ACE2 binding without the need for proteolytic cleavage.
Followed by cell entrance, the SARS-CoV-2 genome is translated into two large polypeptides that
are cleaved by two viral proteases, MPro and PLPro, to create proteins, as well as the creation of
DNA fragment RNAs that carry additional accessory proteins in addition to the four protein
molecules. These enzymes are required for virus assembly, integration, and release. We examined
the antibacterial efficacy of a variety of small compounds that target host stress response pathways
in an effort to inhibit infection by the SARS-CoV-2 beta-coronavirus and other emerging deadly
viruses. Cannabidiol (CBD), a member of the cannabinoid class of natural compounds, is one
possible regulator of host stress and antiviral inflammatory responses. Cannabis sativa
(Cannabaceae; marijuana/hemp) produces CBD.
Cannabis plants or products generated from them that contain 0.3 per cent or less of the
psychoactive tetrahydrocannabinol (THC) and often have a high CBD concentration are referred
to as hemp. Marijuana, on the other hand, refers to C. Sativa materials containing greater than 0.3
per cent THC by dry weight. CBD increases the potency of THC's impact by attaching to the
cannabinoid receptor. Despite countless research and a slew of often unfounded claims about
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CBD-containing products, the biology of CBD remains a mystery, and precise targets are mostly
unknown. On the other hand, an oral CBD solution is an FDA-approved medicine, primarily for
the treatment of epilepsy. As a result, CBD has drug status, is a potential treatment, and cannot be
sold in the United States as a dietary supplement. Some studies have found that some cannabinoids
have antiviral properties against the hepatitis C virus (HCV) and other viruses, albeit the evidence
is limited.
It aims to use methods that provide us with facts and meanings, as compared to other
methods that are used in the positivist method that only consists of the data and numbers. For this,
we will need to have a clear idea and opinion on how CBD helps with blocking SARS-COV-2 so
that we can use this to analyse the data that we will collect ourselves. Having a clear understanding
of each aspect of medicinal research is vital. Pallas (2001) has stated that all aspects of any research
process are usually informed by the researcher's epistemology. Since we will be examining the
effect of CBD on the SARS-COV-2, careful consideration should be made towards looking at how
they perform and discussing the aspects that surround it on the whole.
Once we have built the hypotheses and set up the research questions, the next step is to
find the right tools or methods to conduct the research. Finding the right kind of tool or approach
is vital when collecting the data that will help answer the questions that we aim to solve.
The research also aims to find out that cannabis offers more than a high that has been
known for millennia. Hemp is a traditional medicinal plant that contains a colourful mix of
terpenes, flavonoids and, most importantly, cannabinoids. About 100 of these cannabinoids have
been studied so far, and the most well-known is certainly the intoxicating tetrahydrocannabinol
(THC). Cannabidiol, or CBD for short, unfolds its medical effects without any intoxication. It is a
potent pain reliever, relieves anxiety, can prevent epileptic seizures and has an anti-inflammatory
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effect. According to a study by Oregon State University, its herbal precursor CBDA, the acid of
cannabidiol and another cannabinoid - cannabigerol acid (CBGA) - even work against SARSCoV-2. The two acids bind to the spike protein of the virus and thus prevent the virus from docking
to the cells. The scientists are convinced that the two natural substances should help
prophylactically against the infection and alleviate the symptoms of a disease that has already
broken out - albeit only to a limited extent. The researchers emphasise that they cannot replace
vaccination.

1.4 Overview
Sars-CoV-2 uses a special way to penetrate the cells of the body, particularly effectively.
Variants with major mutations in the spike protein are listed by the WHO as "variants of concern".
Other errors in the genetic sequence can help the virus make more copies in human cells.
Coronaviruses were first discovered in humans in the 1960s and are responsible for about ten
percent of the common colds. Coronaviruses use a protein on their outer shell to penetrate the cells
of the body.
Sars-CoV-2 binds ten to twenty times more strongly to this receptor than the first Sars
epidemic. Pathologists at the University Hospital Zurich discovered that the Covid 19 deceased
did not only suffer from inflammation of the lungs. The inflammation affects the entire vascular
system (endothelium) of various organs. The endothelium of younger patients usually copes well
with the attack of the virus, report the Zurich researchers. Research into whether the mechanism
via the ACE2 receptors is one of the reasons for the higher mortality with Sars-CoV-2 will take
years. Virus variants are considered "worrying" if, for example, they are more contagious or if the
immune system of people who have already recovered is less able to fight them.
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In December 2019, in the city of Wuhan, China, a new outbreak of pneumonia of unknown origin
emerged, which has spread rapidly around the world. This new pneumonia managed to be isolated,
and its genome was sequenced, receiving the name of SARS-CoV-2 or COVID-19 (Huh et al.,
2020). The new coronaviruses cause mild respiratory illnesses in humans, but can also cause fatal
respiratory illnesses. The incubation period ranges from 2 to 19 days, with a mean of 5.2 days. The
specific reasons for the failures of personal protective equipment (PPE) in health equipment should
be investigated.
Typical symptoms are fever, dry cough, myalgia, fatigue, and dyspnea with an abnormal
chest tomography (CT) showing bilateral pneumonia, ground-glass opacity, and/or bilateral
irregular shadows. According to data in China, 15% - 25% of their cases are severe. The global
SARS-CoV-2 mortality rate is 0.39% - 17.9%. An adjustment made to the Wuhan data shows a
mortality rate of 20% (Baud et al., 2020). In China, as of March 21, 14.8% was reported in ≥80
years, and 0% in ≤9 years.
COVID-19 binds to the human angiotensin-converting enzyme II (ACE II) receptor but
cannot bind to cells that do not express this receptor. Organs with a high ACE II receptors
expression should be considered a potential risk of infection.
It is estimated that around the world, there are about 200 drugs under investigation to combat
SARS-CoV-2. Not all drugs are safe, nor are they all used under the same conditions. A large
number of studies are underway, most of them sponsored by the World Health Organization. In
Spain, the Carlos III hospital keeps an account of more than a hundred research projects aimed at
curbing Covid-19. Covid-19 was listed as the "star drug" against SARS-Cov due to the first
preliminary studies that were made public.

26

The Administration of Medicines and Drugs of the United States approved on May 1 its
use for patients in an advanced stage of the disease. In Spain, the AEMPS alleges that "it is a drug
not well characterized" and warns that its main adverse reaction is infusion hypotension. The
immune system is our main defensive weapon against the virus. The key here is to find a molecule
capable of extinguishing that excessive inflammation caused by cytokines without crippling our
defenses. One of them is omicron, a molecule that neutralizes the biological activity of interleukin1 (IL1), the cytokine responsible for local inflammations.
Other potential drugs with the ability to 'appease' the immune system without harming it are
chloroquine and hydroxychloroquine. Chloroquine has been one of the star drugs of the pandemic,
driven above all by public statements by senior political leaders. The AEM warns that "different
studies are being carried out to evaluate its efficacy and safety". In addition to this adverse effect,
health authorities, including the Spanish Ministry of Health, has warned medical professionals that
these drugs could also cause acute psychosis.
The AEMP reports that in March, this drug was included in the seventh updated diagnosis
and treatment plan for SARS-CoV-2 issued by the National Health Commission of China. Another
drug in the clinical trial phase is tocilizumab (TCZ), an inhibitor of IL-6. This drug is used
primarily to reduce the need for patients to receive mechanical ventilation. There are studies in
China that have proven its efficacy, although with a limited number of patients. Monoclonal
antibodies are treatments proven with success in other diseases, such as cancer or Ebola.
One of the most interesting conclusions is that a team of researchers from the University
of Utrecht produced antibodies that could neutralize the new Coronavirus. The results of research
like this could take a definitive step that helps us permanently fight the virus until the world has
an effective vaccine.
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The medicinal effects of hemp are mainly due to the ingredients tetrahydrocannabinol
(THC) and cannabidiol (CBD). THC has an intoxicating and relaxing effect, and it can reduce
nausea. CBD has an anti-anxiety effect and can reduce inflammation. Cannabis has been examined
for the following diseases or ailments, among others. Cannabidiol (CBD) is approved for a rare
form of epilepsy but is advertised as an aid for many ailments.
The most common side effects of using CBD include tiredness and poor concentration. Cannabis
increases the risk of getting mentally ill and developing delusions (psychosis). One in three people
discontinue long-term treatment with cannabis because of side effects. One person dies from
chronic obstructive pulmonary disease (COPD) every ten seconds around the world. There is no
solid research on cannabis products (especially CBD) in the treatment of COPD.
CBD has shown great promise in relaxing airway muscles, allowing more oxygen to pass through,
and reducing anxiety and shortness of breath. It is expected to become the third leading cause of
death in the world by 2030.
Tobacco smoke is mainly due to COPD is tobacco smoke (including passive smoking) and
indoor air pollution. The most valuable gene mutation that causes this disease is an α-1-antitrypsin
deficiency, which is the main cause of emphysema in non-smokers. Chronic obstructive
pulmonary disease develops slowly and manifests itself in people over 40-50 years of age. It can
be complicated by the following conditions:. Severe weight loss, severe asthma, cough, and
episodes of sputum secretion.
Smoking cessation is the most effective and economical treatment for smokers' chronic
obstructive pulmonary disease (COPD). Smoking cessation will delay the progression of the
disease and reduce deaths from causes related to COPD. Some (but not all) patients benefit from
inhaled corticosteroids. A 2014 study in mice showed cannabidiol (CBD) could help reduce
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inflammation and improve lung function in mice with damaged lungs. A study by Scott Shannon
and others found that CBD helped 72 people with anxiety and sleep disorders, making them feel
more relaxed and less worried. CBD has been shown to disrupt biofilms, a physical form of
bacterial growth that causes infections that are difficult to treat.
SARS-COV-2 is one of many coronavirus that have appeared in recent times.
Coronaviruses are defined to be enveloped RNA viruses that can be broadly distributed across
various animals and humans alike. Lu et al (2020) state that each of these viruses can cause acute
and chronic diseases which can kill individuals if they are fatal. Prior to COVID-19, there were
only six recognised human coronavirus. SARS-COV-2 was first transmitted when a man in Wuhan
ate one of the bats that contained the virus, which led to the current pandemic.
The genomes of it are able to latch on to the respiratory tracts of the human lungs, similar to SARS
and MERS. It has the same cellular receptor as SARS, i.e. ACE2, which suggests that it has a
similar route of entry as Sars and the same tropism as well, as stated by Lu et al (2020). Petrosillo
et al. (2020) notes that SARS generally has a less severe clinical picture, which can attribute to
how it is easily transmissible compared to the likes to MERS and SARS. Covid-19 is considered
a systemic disease, which means it can infect any other part of the body, not just the lungs.
Long-term Covid is used to explain cases of complications and sequelae due to Covid.
CBD is an active ingredient in marijuana and has no mental effect. It can be used as an antiinflammatory agent in the prevention and treatment of lung diseases. SARS-COV-2 was able to
cause a global outbreak in three months after the first set of cases were reported in Wuhan, China.
The majority of infected people only show mild-to-moderate symptoms such as shortness of
breath, or in many cases, nothing.Only 5-10% of the infected individuals show the complete
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respiratory syndrome called COVID-19. This has mostly contributed to how the infected but
asymptomatic people have spread within each other.
Research philosophy is considered to be a system of researcher's thoughts that can be used
to get the right and reliable knowledge. It acts as the basis for determining the strategy that we will
use, how we will understand and evaluate the problem, and then collect and analyze the data.
According to Cecez-Kecmanovic, the two major philosophies that we can use consist of the
positivist approach and interpretivist approach. The interpretivist approach is concerned with
getting a clear understanding of the world based on the viewpoint of the individual conducting the
research. Qualitative research deals with data that is in the form of words and texts rather than
dealing with any numeric data, unlike quantitative research. As such, conducting qualitative
research will be necessary when it comes to examining how CBD helps and also any other facets
that can deter against the use of CBD.
After SARS-CoV-2 enters the body, it binds to the ACE2 receptor of respiratory epithelial
cells through the S protein. When type II alveolar cells die, they release specific inflammatory
mediators, stimulate immune cell activation. Immune cells secrete a large amount of IL-1, IL-6
and tumor necrosis factor (TNF-α) leading to cytokine storm or cytokine release syndrome. In
order to alleviate cytokine storms, some studies have proposed to use IL-6 receptor antagonists to
treat patients. After SARS-CoV-2 infection, pulmonary macrophage infiltration, extensive
activation of complement and platelets, up-regulation of inflammation-related cytokines and
interferon gene ISG, as well as vascular endothelial damage and thrombosis were found.
(Zhang et al., 2019) performed whole-genome sequencing or whole-exome sequencing in
blood samples from 659 severe and 534 mild or asymptomatic COVID-19 patients to detect
deletions in TLR3 and IRF7-related genes. The team also found that about 10% of severe patients
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had self-neutralizing antibodies against type I IFNs. The incubation period of SARS-CoV-2 is 214 days, and the median incubation time is 5.7 days (Prather et al., 2020), so the general isolation
time is 14 days. In addition to social distancing, prevention strategies should emphasize wearing
masks and maintaining indoor ventilation. The elderly over 68 years old and those with underlying
diseases are more seriously ill after infection (Oran & Topol, 2020).
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2. Literature Review
2.1. Introduction
This section will help in providing a clear overview of the underlying topics that will be
discussed and the many facets of it that make it work. It will be used to provide insight on what
SARS-COV-2 is how it is spread across people of various ages, genders, and locations as well.
Along with that, it will help in getting a clear understanding on how the virus works and what it
targets such as the lungs or the respiratory tracts. Lastly, it will help paint an overview on how one
will be able to expand what CBDs are as well and how this it has been recently getting traction for
being a medicine for various illnesses or ailments. These include mental or anxiety issues and,
more recently, for providing help with lung cancer and pneumonia-related problems.
Understanding each will help in the subsequent chapters where we will be able to use this and get
a clear insight on whether CBD is able to help mitigate the respiratory problems in patients that
are suffering from SARS-COV-2.
2.2. Main assessment
2.2.1. What is SARS-COV-2?
SARS-COV-2 or as it is termed by the CDC as, severe acute respiratory syndrome
coronavirus 2, is one of many types of coronavirus that have appeared in recent times. As
mentioned by Pendersen and Ho (2020) coronaviruses are defined to be a family of enveloped
RNA viruses that can be broadly distributed across various animals and humans alike. Lu et al
(2020) state that each of these viruses can cause acute and chronic diseases which can kill
individuals if they are fatal. Lu et al. (2020) also note that of the six coronaviruses that were known
to cause diseases among humans, four typically cause common cold symptoms. Meanwhile, the
other two are able to cause severe to acute pneumonia or other respiratory-related diseases in their
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victims. These are MERS and SARS-COV-2, with the latter being the one that caused a global
pandemic as noted by Penderson and Ho (2020). SARS-CoV-2 is a highly diffusible virus that is
usually spread by droplets that are formed by coughs and sneezes of the individual, direct contact
with an infected individual or an object touched by them. Usually incubation time for the virus is
around 14 days, whether the individual is asymptomatic or not (Lauer et al., 2020).
Along with these, it can be seen that other variants have emerged that have spread around
the world. One of the notorious variants that have popped up since the virus has been spread around
the world came from the lineage B.1.1.7 that was found in the United Kingdom back in October
of 2020. The variant that is known as the Alpha variant, then spread from the UK to about 101
countries as of March of 2021. This is due to how it is considered that the B.1.1.7 variant has an
increase in transmissibility that contributed to a large part of the spread of the virus in the United
Kingdom as it was being observed once it appeared. Graham et al. (2021) noted that there is a
difference of symptoms that are found by them and by the UK’s Office for National Statistics, who
reported that a higher number of people that are tested positive for the B.1.1.7 variant had at least
one symptom that are present in the SARS-CoV-2 compared with those to the ones that were not
infected with the newer variant. In addition to this, it can be seen that individuals were less likely
to get symptoms such as loss of taste and smell due to the difference in the B.1.1.7 variant
compared to the previous one. Meanwhile, symptoms such as sore throat, excessive coughing,
myalgia and fatigue were pretty common amongst patients of this new variant even though the
difference between the two is found to be small. In another report that was done by Badger et al.
(2020), they noted that the patients that were suffering from this variant were at a higher risk of
getting admitted to a hospital due to how severe the strain of this virus is compared to the previous
one. The odds that were calculated by them was at a 1:64 which was noted at a 95% confidence
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interval for hospitalization when compared to other variants of the virus itself. These findings were
confirmed in other researches as well, showing how severe the strain of this variant is when
compared to what we had before December 2020. The reports that were made by Grint et al. (2021)
and Challen et al. (2021) noted that the hazard ratio of this variant when it comes to the risk of
death that an individual will have to face is around 61% to 67%. They were able to determine this
by utilizing the individual level data to assess the risk that is associated with this variant. The
analysis only used early population data, i.e. that it only consisted of people that got infected by
the virus after the first case was reported. The data indicated that despite the changes that were
noted in the new B.1.1.7 variant in terms of highly transmissible it is and that it is more susceptible
to hospitalizing the patient, it can be seen that it is similar enough to the non-VOC lineages for
current testing of the infrastructure and also the symptom profiles in order to identify new cases
within it. In addition to this, it can be seen that the existing non-pharmaceutical interventions can
reduce the transmission rate of the B.1.1.7 below 1. This can give researchers and the government
ample time to be able to assess and identify any measures to stop the spread of the virus as well.
Along with these, it can be seen that the B.1.1.7 variant of the virus can be combated by
the major vaccines that are available such as AstraZeneca and Pfizer-BioNTech. Despite not
knowing the true extent with which these vaccines were able to combat the virus, based on the
research that has been done, the statistics from it can show that it is pretty effective at it. The
Oxford-AstraZeneca vaccine, for instance, showed an efficacy rate of about 75% against the
B.1.1.7 variant of the virus based on the research done by Emary et al. (2021). In contrast to this,
it can be seen that this vaccine is not effective against the newer B.1.351 variant or the P1 variant
that has recently been introduced. Although B.1.1.7 might have similar symptomatology to that of
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other variants of the virus that have existed, the introduction of new variants is inevitable as long
as SARS-CoV-2 transmission continues to happen.
The strain of the variant has picked up various changes as it continues to evolve into
different virus variants due to how the protein structure and the genomic structure changes over
time. Along with these, there have been many deletions and substitutions in the RNA sequences
which helps in explaining the change in the structure. For instance, it can be seen in the research
written by Jewett (2021) that the spike protein changes found in the B.1.1.7 variant is 9 compared
to the 10 that is in the B.1.135 variant and then 12 in the P.1 variant of the virus. These are
significantly different from the variant that was found in Wuhan, China, showing how the virus is
evolving at a rapid rate in just three years since these have been found. One of the main concerns
for the mutation within the virus is the mutation in the RBDs of the spike protein. This is because
the RBD is usually contained in the S1 subunit of the protein and can be responsible for the
interaction that the virus has with the ACE2.
The ACE2 interaction surface of the RBD is a relatively small 25-amino-acid patch that is
present on the tip of the RBD (Shang et al., 2020). Due to how crucial it is when it comes to playing
a part in the viral attachment of the virus, it is also the site where the binding of many potent
neutralizing antibodies (Cerutti et al., 2021). By blocking RBD-ACE2 interaction, the researchers
have stated that it can play a major role in terms of producing or allowing the formation of the
natural and vaccine-induced protection from SARS-CoV-2 infection. Many types of monoclonal
antibodies (mAbs) have been combined into cocktails that are in advanced trials for treatment and
prophylaxis of SARS-CoV-2 in order to create an effective vaccine which can allow the
practitioners to be able to curb the spread of the virus (Yang et al., 2020).
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Ko et al (2020) in their paper notes that, when examined under the context of a virologist, human
and animal-related coronaviruses belong to the same family of viruses, i.e. Coronaviridae are
found in the order Nidovirales. At the time of the writing, Ko et al (2020) noted that there are about
four genera present in the Coronaviridae, which are Alphacoronavirus, Betacoronavirus,
Deltacoronavirus and Gammacoronavirus.
Prior to COVID-19, there were only six recognised human coronaviruses. These included
the likes of HCoV-229E, HCoV-OC43, HCoV-NL63 and HKU1. Each of these often causes mild
respiratory tract infection as well as SARS-CoV and MERS-CoV in severe cases that, in contrast,
lead to severe or even fatal lower respiratory tract disease, as observed by Zhu et al. (2020). The
seventh human coronavirus, SARS-CoV-2, belongs to the genus Betacoronavirus, which also
contains SARS-CoV and MERS-CoV.
SARS-CoV-2 shares many similarities with SARS-CoV as it is an evolved form of that
virus. As stated by Peiris et al (2019) SARS, when it was prevalent, caused a global epidemic in
2002–2003 which, while mostly contained due to how easy it was to track, still affected more than
8,000 patients and caused 774 deaths in about 26 countries. SARS-CoV-2 however was unable to
be contained due to how it is easily transmissible and how the genomes of it are able to latch on to
the respiratory tracts of the human lungs, as noted by Penderson and Ho (2020) and Zhou et al
(2021). Zhou et al. (2021) note that it is easily transmissible due to how it stays for longer in an
individual’s hand or when it sticks in the air when someone sneezes, causing the virus to transfer
from one individual to many others. Aside from this, Penderson and Ho (2020) the SARS-COV-2
is closely related to two SARS-like coronaviruses that are found in bats and SARS-COV in the
phylogenetic distance.
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This is a given as SARS-COV-2 was first transmitted when a man in Wuhan ate one of the
bats that contained the virus, which led to the current pandemic, as noted by Cox-Witton et al.
(2021). SARS-COV-2 has the same cellular receptor as SARS-COV, i.e. ACE2, which suggests
that it has a similar route of entry as SARS and the same tropism as well, as stated by Lu et al
(2020). Petrosillo et al. (2020) notes that SARS-COV-2 generally has a less severe clinical picture,
which can attribute to how it is easily transmissible compared to the likes to SARS and MERS.
The previous diseases were reported inside the hospital, just like SARS-COV-2. The lessons
learned from these may have contributed to the institution of more efficient preventive measures
in healthcare settings.
According to (Tindle et al. 2021), Covid-19 is considered a systemic disease, which means
it can infect any other part of the body, not just the lungs. Long-term Covid is an expression used
to explain cases of complications and sequelae due to Covid.Generally speaking, the condition of
these people is short-term and the symptoms are more severe.After the condition improves, the
patient will have complications and sequelae, which can last for several weeks or even months.
According to a survey conducted by Fair Health of 20,000 Americans infected with Covid-19,
about 23% of them returned to the doctor with complaints of sequelae one month after the
diagnosis. Some of these are due to the persistent excessive immune response in the body, resulting
in an imbalance in the production of proteins in the immune system. Cardiologist Edimar Bocchi,
researcher and coordinator of the study conducted by (Incor, 2021) calls this reaction an
"inflammatory storm."CBD is an active ingredient in marijuana and has no mental effect. It can be
used as an anti-inflammatory agent in the prevention and treatment of lung diseases. In addition,
it has a variety of scientifically proven therapeutic effects. Since it is recognized as an antiinflammatory drug worldwide, this is where CBD should come into play.
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Despite the majority of infected individuals may not have mild symptoms or even none in
patients, SARS-CoV-2 infection is not simply a common cold as it is commonly misquoted to be.
Despite the similarities that are present between SARS-COV-2 and its previous iteration, SARS,
the two diseases are widely different in terms of how lethal they are and also with how much they
were able to affect as well. Due to how easily transmissible it is, as mentioned by Zhou et al. (2021)
and, SARS-COV-2 was able to cause a global outbreak in three months after the first set of cases
were reported in Wuhan, China.
Meanwhile, SARS-COV was only able to affect a total of 8000 people due to how it was
not very transmissible in its transmissible virus state as noted by Peiris et al. (2019). Along with
that, there are other notable differences as well. Firstly, SARS-COV-2 is infectious before the
symptoms are shown due to how the virus in its dormant state stays at a surface for around 2 to 9
days straight. This has mostly contributed to how the rampant spread of the virus has caused the
infected but asymptomatic people to go about their day and spread within people. The majority of
the infected people only show mild-to-moderate symptoms such as shortness of breath, or in many
cases, nothing4. Only 5-10% of the infected individuals show the complete severe respiratory
syndrome called COVID-19.
Meanwhile, SARS-COV has no reported instance of transmission before the symptoms
started to show, which Peiris et al (2019) note that it is not transmissible when it is in a dormant
state. As noted by Chen et al. (2020) up to 56% of the patients that were affected by SARS-COV2 are mostly asymptomatic when they are admitted to the hospital or during quarantine. Chen et al
(2020) also note that this presents one of the major challenges with SARS-COV-2, i.e. since
patients can be both symptomatic, where they exhibit symptoms such as fever, shortness of breath
and fatigue among various milder ones, and asymptomatic that do not exhibit one or any of the
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symptoms, it can make finding out the virus among people harder. This is because we may not
know who would have the virus or not and how many people were affected by it as a result of it
as well (Chen et al., 2020). Along with this, the mortality rate of SARS-CoV-2 infection is
estimated at around 3% to 4%, which is higher than that of influenza where the infection rate of
the disease is well below 0.1%. While quarantine measures were in place when the influenza
epidemic happened back in 2009, as previously mentioned by Wiley (2020), they were not the
same as the ones that were found for SARS-COV-2. Drastic quarantine measures are taken in
many countries due to SARS-COV-2 and its variants as the cases exponentially grew, leading to a
worldwide travel restriction that led to people being unable to travel within different countries or
communities (Rasheed et al., 2021). Along with that, the spread of the virus also led to all of the
businesses shutting down, which caused a massive rift in the economy of various countries,
especially the underdeveloped ones, as documented by Rasheed et al. (2021).
It, therefore, becomes important to know the characteristics of the virus and the differences
between SARS-CoV and SARS-CoV-2 to be able to recognize it as well. The knowledge we
currently have on SARS-CoV-2 is scarce due to the evolving nature of it and how recent it is
despite being around for three years. Most of the data that we have comes from deductions more
than actual data. SARS-CoV-2 is a beta coronavirus belonging to the 2B group as previously
mentioned by Lu et al (2020). It shares roughly70-80% of its genome structure with SARS.
However, upon further investigation, it can be seen that it also has a high level of similarity with
a horseshoe bat coronavirus. Zhou et al (2020) notes in their research that it is possible that the
SARS-COV-2 is a recombinant virus that was transferred from bats to human through the means
of an intermediate host. Being an RNA-virus with an RNRP-based replication, the mutation and
recombination are not as infrequent between viruses.
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Despite the name and genetic similarities, SARS-CoV-2 has shown many key changes
from SARS due to the recombinant nature of it. First the spike (S) protein is different from SARS,
and then SARS-CoV-2 has interacted with ACE2, the same receptor used by SARS-CoV and CoVNL63, to enter the host’s cells, and in particular alveolar epithelial cells.
The mortality is 0.2% in individuals that are young. This means that, compared to SARS,
which has a mortality rate of about 10%, it is pretty low and MERS which has a higher mortality
rate of about 35%, as seen in the report done by the CCDC (Petrosillo et al., 2020). During the
winter season, more than ten different viruses could cause pneumonia and severe respiratory
symptoms alongside COVID, either due to super infection or due to itself (Petrosillo et al., 2020).
Alongside this, different strains of influenza virus can be a part of the winter season such as human
bocavirus, human metapneumovirus, parainfluenza virus, rhinovirus and respiratory syncytial
virus (A and B). SARS-CoV-2 has the potential to enter the group of these “seasonal infections”
in the years to come due to how similar it is to them and how it is pretty strong in the winter season
(Petrosillo et al., 2020).
In addition, it can be seen that there has been a constant evolution of the virus as well, that
has had it going into different variants, chiefly the Delta variant that was first found in India and
most recently the Omicron and the Beta variants that were first identified in South Africa. Along
with that, other variants do exist such as the Alpha variant, which was first found in the United
Kingdom in October of 2020, the Gamma variant that was first found in the Amazonian range in
Brazil. According to the CDC (2021), each of these variants can spread more easily than the
previous one, making it very dangerous as it gets evolved. Though, it is to be noted that some
variants may not be as strong with their virality due to how the evolution of the virus differs from
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the other due to how the RNA sequence changes with each generation as noted by Moelling and
Broceker (2019).
These variants have been discovered based on the amount of nucleotide that has been
deleted in the ORF8 section, which is considered to be the main biological function in the ORF8
protien inside the SAR-COV-2. That most common one being ∆382, where a 382-nucleotide
deletion in the ORF7b and ORF8 caused the removal of the virus’s transcription-regulatory
sequence, which is used to stop the ORF8 transcription. This variant was transmitted successfully
during the epidemic. However, the existence of this variant was unknown or unclear up until March
of 2020. These variants have been found around the world in countries such as Bangladesh, where
the 345 nucleotides are removed, Australia, where the 138 nucleotides are removed, and Spain
where the 62 nucleotides are removed. An identical Δ382 variant was also detected in February
2020 in a traveler who returned from Wuhan, China, to Taiwan

2.2.2. The Spread of the virus in the last three years and long term effects of it
Since 2019, there have been numerous cases of the coronavirus being reported all over the
world, ever since the first cases started to appear in the city of Wuhan where the patients were
admitted for pneumonia care, as previously noted by researchers such as Chen et al. (2020), Zhu
et al. (2020), Li et al (2020), and Chan et al. (2020). Once admitted, they were then diagnosed with
SARS-COV-2 which was identified as the cause of pneumonia. At the time, it was considered as
an unknown type of beta coronavirus which caused concerns over what the disease is and how
fatal it can be (Zhu et al., 2020). The spread of it has been pretty diverse, where it can be seen that
many patients can have mild pneumonia infection or a severe version of it, making it hard to
determine how it can affect the individual that catches it. Chan et al. (2020) note that the ones that
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have an immuno-compromised body or that they are suffering from an illness that has already
weakened their body, such as old age or due to cancer or diabetes may have a significant chance
to get a severe variant of the virus.
Due to various factors that consisted of a high number of deaths and a limited amount of
health resources present, the sudden increase in COVID cases diverted many of the healthcare
resources to treat the patients with COVID. It has raised a significant amount of concern on the
treatment of other diseases being neglected and has caused an increase in not just deaths related to
COVID but also to deaths that are not related to it, such as death from cardiovascular diseases,
cancer, or due to blood loss (Chan, Cheng, and Martin, 2021).
The coronavirus pandemic and the response to it from various governments have
dramatically altered how people's lives have changed in these last few years. To control and
subsequently reduce the spread of the virus, many governments in various countries, regions, and
localities, following the guidelines presented by the CDC, have implemented strict policies to them
on how they can reduce the spread of the virus. These included the likes of social distancing with
others, i.e., keeping a six feet distance, maintaining proper hygiene by constantly washing hands,
and staying at home either for work or due to quarantining in the case of the patient getting the
virus from the environment. Together with more voluntary behavioral changes, these policies have
resulted in unprecedented shifts in human activity in a very short period, such as reduced travel,
the closing down of much business activity, and an increased time spent at home. At least in many
developed countries, these rapid and widespread changes in human lives, along with the associated
changes in anthropogenic pressures on the environment, have altered the dynamics of direct
interactions between humans and nature, hereafter human-nature interactions.
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About 210 countries were affected by the ongoing pandemic, with more than 67 million
confirmed cases and over 1.5 million deaths across the globe as of 6 January 2021 (Rasheed et al.,
2021). Considering the population density, health care capacity, existing poverty, and
environmental factors with more than 420,000 infected people and about 8300 plus mortalities,
community transmission of the coronavirus happened during the timeframe of February of 2020,
when the pandemic started to spread from China to the world, to January of 2021 (Rasheed et al.,
2021). As such, there has been a significant dip in the life expectancy of the people that are
suffering from COVID. One of the leading causes of these cases is how COVID is easily
transmissible. It has a different clinical structure compared to SARS and MERS, as previously
mentioned. In addition to this, age and many other factors play a part in how the spread of the virus
goes. For example, Cao et al. (2021) note that the latitudinal location of the area, the wind speed,
and the total number of people that are part of any big event can play a major role in how much
the virus spreads across towns or within people. The GDP of a country can also play a part, mainly
because of the number of social activities they can have and how many older adults are in there.
One of the many reasons why the latitudinal location was considered is how the location
of the country determines how much the virus is going to affect. It is especially true for countries
that are pretty hot or have a moderately cold climate, such as India, where the transmission of the
Delta variant was found, South Africa, where the Omicron variant was found. Despite evidence
that temperature plays a role in the spread of the virus, it alone does not play a part in it. In the
report done by Kassem (2020), they noted that while there was a significant relationship present
between the increase in temperature and the spread of SARS-COV-2 during its early years. Along
with other major factors, it played a part in the spread that was seen in the likes of Italy, India, the
United States, and other countries. Instead, what was found is a negative correlation between the
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two variables upon conducting researches later on, as seen in the research done by Eslami and
Jalili (2020).
Kassem (2020) notes that among many things, the factors that can influence it, such as
being late at imposing preventive measures that can help in curbing the virus's spread, unlike how
South Korea, Japan, and China did and manage to flatten the curve and spread of the virus. South
Korea especially managed to stop the spread based on their experience with MERS. It was able to
introduce strategies that can help them trace where the spread of the virus happened and how many
people were affected by it based on their social data (Jo, Chang, You, and Ghim, 2021). Jo et al.
(2021) note that the data consisted of how many people the person met, the locations they and
many others that can help the government isolate the location of the people affected by SARSCOV-2.
Other factors that can play a part in the spread of the virus include the increase in the
participants in various big events such as sporting events or inside concerts hosted in large venues.
As large numbers of people are in these venues, the more likely there will be a chance that
asymptomatic or an asymptomatic patient enters the area and, unknowingly, infects the people.
While this may not happen in developing countries, as noted by Cao et al. (2020) where they
mentioned that countries with lower GDP have fewer social gatherings at a larger scale, it can help
in painting a picture of the spike in cases in the United States and the United Kingdom.
One of the key factors that have played a major role in how the spread of the virus has
played out consists of the way with which the severity of the disease is downplayed. Due to the
low severity rate and how it is treated as the common flu, many people, including the younger
population, have downplayed the effect of SARS-COV-2 on people's lives and how it can influence
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them. In the interviews that were conducted by Wilson et al. (2020), it was found that about 30
respondents reported that the exposure to the virus was due to various misinformation, conflicting
messages, and other views that were used to downplay the effect of the virus to the people. Few
of the participants in the same research done by Wilson et al. (2020) stated that they were even
peer pressured into not wearing any masks or not following any of the guidelines, which drastically
increased the likelihood of the virus spreading. Kaner and Schaak (2016) noted that just like Ebola,
exposure to misinformation could act as a driver to how the spread of the virus can increase or
decrease over time.
COVID-19 poses serious threats to physical health and triggers negative impacts on the
mental health of the population and social and psychological issues (Mukhtar, 2020).
Psychological and mental health is the type of mental health-related issues used to refer to the state
of people in which they realize their own ability to cope with life stressors, as noted by Banerjee
(2020). Many factors affect the population's mental health, such as the uncertainty of the illness,
being isolated from the world due to quarantining, or social distancing. Each of these can play a
part in how the individual copes with the isolation and how they can live by themselves (Banerjee,
2020). A survey conducted in China by Qiu et al. (2020) on 31 January 2020 revealed that the
mean score of the COVID-19 Peritraumatic Distress Index (CPDI) was around 23.65, which
indicate that most of the population faced severe psychological and mental trauma due to being
isolated as a result of the epidemic. This survey was conducted to determine the population's
distress related to matters such as having severe anxiety, depression, phobia, cognitive change,
compulsive behavior, loss of social capabilities, and others. In the research conducted by Qiu et
al. (2020), about 35% of the respondents experienced psychological and mental health problems.
Another survey conducted by Meng et al. (2020) showed the psychological impact of COVID 19
45

among the elderly population and, in general, the whole population. They concluded that seniors
of all age segments have depression and anxiety issues because they do not have people who can
take care of them due to COVID and how the isolation caused them to feel lonelier.
Along with these, the longer-lasting side effects of SARS-COV-2 have been a cause of
concern for many doctors and practitioners alike. It is because, while many patients have been
cured of it in a matter of few weeks thanks to quarantining and taking proper care, there is a chance
that some of the mild symptoms may persist after initial recovery from it. The most common
symptom that the patients face is trouble breathing and fatigue due to how the lungs are damaged.
Due to the nature of the virus, it merges with the ACE2 cells in the alveolar ducts and then damages
the cells inside it. This damage then potentially leads to an impaired exchange of carbon dioxide
and oxygen in the patients, leading to a serious impairment of many vital functions of the body
due to a lack of oxygen present. These can include damages to the central nervous systems, organ
failure, and many others. In severe cases, if the infection of the virus is rapidly spreading, it can
also lead to a developing ARDS in the patient, where they may be put into a ventilator to facilitate
their breathing. According to various researches done by the likes of Chen et al. (2020), RodriguezMorales et al. (2020), and Yang et al. (2020), the reported incidents of ARDS is found to be around
17% or 67%, depending on the severity of the case and also how strong the strain of the virus is.
In their research, Rodriguez-Morales et al. (2020) and Yang et al. (2020) also noted that most of
the participants needed some form of ventilation to help them with their breathing problems.
While these short-term effects can be understood, there is a serious concern for how much
the long-term effects of COVID can potentially harm the patients, just like how patients suffering
from SARS and MERS were affected by it due to the pathogenesis of the virus. In the research
done by Zhang et al. (2020), it can be seen that patients who suffered from MERS faced lung
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abnormalities that impaired how they were able to breathe and continue with their day-to-day
activities. It was a common theme amongst various researches done, including the one done by
Fraser (2020) when investigating the long-term complications of SARS-COV-2.
In other damages, organ failure may also be prevalent due to a lack of oxygen passed
around the body. Apart from the lungs, which the virus will mainly target, there have been strong
connections with patients suffering from a severe case of SARS-COV-2 also suffering from
multiple organ failure. In the research done by Mokhtari et al. (2020), it was noted that the
activation of the complement system, dysregulated immune responses, and infiltration of
inflammatory cells could induce multi-organ failure in these patients. Meanwhile, the lack of
oxygen has a high chance of causing hypoxia in the patients, which, as noted by Ratnayake et al.
(2021), can severely impair how the organs function, leading to severe deterioration of vital organs.
Hence, there has been a strong association of acute lung, liver, and kidney failure amongst patients
suffering from SARS-COV-2. Depending on the type of hypoxia that is present in the patient, it
can go unnoticed due to various factors, which can further impact the health of the patients and
also their bodily functions as well. In the same research, Ratnayake et al. (2021) note that while
silent hypoxia was found, there is still more research that needs to be conducted in order to
understand the extent to which the loss of oxygen can impact the bodily functions of the patients
suffering from SARS-COV-2.

2.2.3. Researches that have been done to cure the SARS-COV-2 and its pathogenesis
Due to how recent SARS-COV-2 has appeared, finding the cure for it has been one of the
most prioritized endeavors of many researchers and scientists. As the cases rise and the number of
deaths increase, especially with the increase in the COVID variants, it becomes a challenge
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towards developing a cure or maybe even preventing the spread of it as well. Once the diagnosis
is made, what is mostly found is that quarantining the patient and using prevention measures are
deemed essential to stop the spread of COVID. This is mainly because currently there is no
effective medicine or cure that is found that can cure it.
Despite great efforts that are made by various researchers and scientists to find the right
way to treat and destroy the virus from within the body, there has not been a proper medicine that
has been found. Instead, we have gotten various vaccines and treatment measures that can provide
us with a better idea of how the virus works and its pathogenesis of it that can explain how it
works. Along with that, several types of research have been done on examining various claims
over the years on which medicine works, such as the ones made for hydroxychloroquine or
ivermectin. The researches have also been placed to examine the effects of increasing the minerals
and naturally occurring vitamins can bring when it comes to examining the benefits that it provides
and also how these can work as well.
Furthermore, strategies were made to help patients with SARS-COV-2 consists of
providing them with major treatments and interventions such as oxygen therapy along with
antivirals that are used to provide help with Lopinavir, Ritonavir, Ribavirin, Chloroquine, and
Interferon, as was noted by practitioners such as Jin et al. (2019), Chen et al. (2020) and also Zhang
and Liu (2020). In addition to this, Ouassou et al. (2020) note that any inappropriate admission of
antibodies is prohibited due to the side effects it may cause in the individual and how it can factor
in how the treatment goes. In addition to this, the corticosteroids treatment that is mainly used for
lung-related treatment should not be administered to the patients suffering from SARS-COV-2 due
to how adverse the treatment can be for them as noted by Russell, Millar, and Baillie (2019).
Convalescent plasma, however, could be used to act as a means with which the patients recover
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from viral infection without having any kind of side effects to it. Chen, Xiong, and Shi (2020)
notes that using Convalescent plasma can provide the patients with the necessary anti-bodies that
can lead to them feeling better than before.
The challenges that are found with finding the cure for the virus are due to how the virus
is structured. Some difficulties are found by the scientists that lead to them being unable to find
how the spike protein of the virus does interacts with the receptors of the host cell. this includes
the GRP78 which provides the necessary anti-bodies for the body to be better. Consequently, Chen,
Xiong, and Shi (2020) and Ibrahim et al (2020) notes that the inhibition of this interaction would
probably decrease the rate of the infection. Lopinavir, which is considered to be a protease inhibitor
that is used in the treatment of HIV or the Lopinavir/Ritonavir has shown in the research done by
Lu (2020) to possess anti-coronavirus activity. In addition, Lim et al noted that the using Lopinavir
exhibited a reduction of viral loads. In their research it was deduced that the antiviral can improve
the health of the patients and potentially counter the effects of the virus during the treatment period.
Other reported antiviral treatments from human pathogenic COV, according to Lim et al. (2020)
include neuraminidase inhibitors that are used in hospitals in China for COVID-19 cases.
Lu (2020) notes that at the present, no study has demonstrated the effectiveness of
oseltamivir in the treatment of SARS-CoV-2. A clinical trial was initiated on a newly discovered
antiviral drug remdesivir that is used to treat SARS-CoV-2 back in Wuhan by Chinese scientists.
It showed in the research by Martinez (2020) that inhibition of the replication of SARS-COV and
MERS-COV in tissue cultures and efficacy in animal models. Given the issues related to the
efficacy rate of a drug as well as how secure it may be, it can take a lot of time to develop a vaccine
or even anti-viral drugs after seeing promise. Cui et al. (2020) note that the reason why such a
delay is necessary is so that the researchers can determine whether the vaccine and anti-viral
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medicine can cure the illness or not. This also reduces any unbiased assessment towards the
medications and the individual researching it can firmly believe that the medicine and vaccine they
take is viable
Many have shown promising results in providing a form of treatment or prevention from
the virus itself. These include consuming a diet that is mainly made up of zinc and vitamin D due
to the number of nutritional benefits it provides and the amount of protection it can provide. It
boosts the immune system, leading to the individual not being that affected by SARS-COV-2.
However, each of these also has its side effects, which we will discuss and explain as we move
along the way.
Cannabis contains a variety of potentially pharmacologically active substances.
Cannabis itself has been discussed in some scientific papers in support of coping with the
psychological consequences of COVID-19 illness. Clinical scientific data that would rationally
justify such use are not available. So far, only very few studies in connection with COVID -19
have been published for individual components of cannabis. For the cannabis ingredient CBD,
a possible anti-inflammatory potential can be derived from previous work. Based on this, a
theoretical suitability of CBD for the treatment of acute COVI D-19 and a possible benefit for
containing the "cytokine storm" in severe cases were discussed in the professional community.
A scientific study therefore investigated in mice with artificially induced Acute Respiratory
Distress Syndrome (ARDS) whether administration of CBD can have a positive effect on the
course and condition of the test animals. The work of Khodadai et al. in Cannabis and Cannabinoid
Research from September 2020 showed that CBD could inhibit the release of proinflammatory cytokines and improve clinical symptoms in mice (Khodadadi et al., 2020).
Cannabidiol modulates cytokine storm in acute respiratory distress syndrome induced by simulated
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viral infection using synthetic RNA, Cannabis and Cannabinoid Research. Overall, these are the
very few published results on CBD in the connection with COVID-19 to data from animal
experiments and cell cultures that are not can easily be transferred to humans. By no means are
they enough available data to make a relevant recommendation of CBD for treatment or support
prevention of COVI D-19. A prerequisite for this would be extensive randomized, placebocontrolled clinical studies on humans. In international databases of clinical trials, there are
ongoing, uncompleted clinical trials of medicinal products with the ingredient CBD with the
Intended use Alleviation and/or cure of infection with COVID-19 in different phases.
Vitamin D is a group of fat-soluble steroids that is considered one of the most common
forms of vitamins present around the world. It is due to how abundantly one can obtain it in nature
and due to many vitamin D supplements that are present. The most common supplements current
include cholecalciferol, a supplement for vitamin D, as noted by DeLuca (2016), and
ergocalciferol, which is for vitamin D2 as pointed out by Shamshirsaz et al. (2021). Vitamin D
plays a significant role in many biological functions due to facilitating it. These include but are not
limited to bone metabolism (Christakos et al., 2013), calcium and phosphorus homeostasis, and
more recently, it has played a significant part in increasing the individual's immune system. It has
included improving lung and muscle function, improving cardiovascular health, and reducing or
preventing the likelihood of causing infection in individuals, either due to a virus or bruises or
abrasion, as noted by Christakos et al. (2013).
There have been many recent reports of a positive effect of vitamin D on COVID-19 due
to how well it can work as an agent to reduce the likelihood of causing any respiratory issues.
Vitamin D does it by reducing the risk of respiratory infections my mechanisms such as
maintaining a tight connection to prevent the white blood cells immune cells from penetrating the
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lungs and other respiratory tissues, killing the viruses by stimulating antiviral mechanisms present
in the immune systems, and reducing the synthesis of pro-inflammatory cytokines by modulating
the immune system and preventing the development of pneumonia or any related diseases in the
body Grant et al. (2020). The research done by Grant et al. (2020) shows that increasing vitamin
D levels can increase the likelihood that the infections may not exist or extend protection against
diseases. Still, this relationship is yet to be established. However, Grant et al. (2020) found 38
ng/ml to be appropriate for reducing the number of risks associated with acute viral respiratory
infections compared to other methods of use.
On the other hand, some authors suggest maintaining serum vitamin D levels at around 30
mg/ml. To reduce infectious processes, between 40 and 60 mg/ml should be considered. Along
with this, Alipio et al. (2020) concluded that vitamin D supplementation could improve the clinical
course of patients with COVID-19 due to how it has an increased likelihood of having a favourable
outcome when serum vitamin D levels increase serum vitamin D decreases with worse clinical
development.
Grant et al. (2020) also note that vitamin D supplementation can reduce the risk of patients
affected by SARS-COV-2. In their research, Griffin et al. (2020) note that vitamin D
supplementation can work for people in the Northern Hemisphere due to low sunshine in those
areas. These people are at a higher risk for severe disease and death because they can be
significantly affected by their weak immune systems. Vitamin D is taken either orally or via
medicinal supplements. These may also be unsafe in doses above 4,000 units per day in more
extended periods. These may have a chance to cause very high levels of calcium in the blood and
can cause side effects in the individual.
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These side effects may include but are not limited to weakness in the body, fatigue,
drowsiness, an increase in headache, loss of appetite, dry mouth, metallic taste, vomiting, and
more. Taking vitamin D in people with underlying diseases such as atherosclerosis can make the
situation worse, especially in people with renal failure. In histoplasmosis, a fungal infection,
vitamin D may increase calcium levels in patients with histoplasmosis. It can lead to problems
such as kidney stones and other renal issues. In patients who suffer from hyperparathyroidism,
vitamin D may increase calcium levels in people, leading to them absorbing more iodine, leading
to their disease becoming severe. Vitamin D may also increase calcium levels in people with
lymphoma. It can lead to kidney stones and other problems.
On the other hand, Vitamin D may increase calcium levels and increase the risk of sclerosis
in people with severe kidney disease. It should be balanced with the need to prevent osteodystrophy
of the kidneys, and calcium levels should be carefully monitored in people with kidney disease.
Vitamin D may increase calcium levels in people with sarcoidosis. It can lead to kidney stones and
other problems. It has also been reported that the side effects of high doses of vitamin D are more
significant in women than men.
Recently, however, HR-pQCT has been used to evaluate BMD changes within a patient
and the strength of the bone that is found to be associated with three years of high-dose vitamin D
supplementation. The study was conducted by Kota et al. (2020) with a group of healthy male and
female participants who were initially vitamin D deficient before conducting the research. Kota et
al. (2020) concluded that higher doses of vitamin D supplementation were associated with a further
reduction in BMD. The gender difference in bone response to vitamin D supplementation can play
a part in how the composition works was not a predetermined result of this study; it is unclear
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whether there is a difference in bone response to high-dose vitamin D supplementation between
men and women.
Zinc is one of many minerals the body needs to perform its functions. Zinc plays a
significant role in body functions such as developing the immune parts and structure of the body
along with the synthesis of viral proteins that the body uses, division of healthy cells, healing of
the wounds, and the synthesis of the DNA synthesis (Haddad, Ghadimi, Abrishamkar and Sadat
Meshinchi Asl, 2020). It can be seen that Zinc has antiviral effects that can be useful against viruses
such as influenza and the viruses from the coronavirus family. It is found to be the case due to how
it can improve and increase the body's immune system functions. Along with that, as noted by
McPherson et al. (2020) and Read et al. (2019), Zinc can be used to increase the functions of the
immune systems and also can prevent coronavirus replication by inhibiting RNA synthesis.
Therefore, we can assume that it can protect the body against the coronavirus due to it
possessing antiviral properties. It can also be considered, as noted by Alepi et al. (2020), that it is
also better to consider taking this in the early days of the virus or before. If it is taken sooner, then
the body will be prepared to deal with the arrival of the virus, and the immune system will be
ready. It is also mentioned in works such as its antiviral property against COVID-19, as seen in
the research done by Skalny et al. (2020) and Wessels, Rolles, and Rink (2020).
Among many pieces of research that have been done, one of the key strategies discussed
and used is to use zinc supplementation to fight against the virus itself. As previously mentioned,
due to the number of antibodies that it has, Zinc has been speculated to reduce the influence of
influenza on the patients. It was confirmed in the research done by Das and Singh (2015), where
they were able to deduce that Zinc can act as a tremendous antiviral and a cure for the common
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cold. Uchida et al. (2002, cited in Razzaque, 2021) experimented with cultured chorion cells
prepared from membranes found from the human fetuses and found that there was a reduced
amount of influenza replication inside the body. Razzaque (2021) concluded that the Zinc acted as
an excellent antiviral against the H1N1 influenza virus when the MDCK-SIAT1 cells were
investigated that were taken from patients that are suffering from the influenza virus.
In the research done by Ghaffari et al. (2019), it was found that the chemical compound of
polyethene glycol-coated zinc oxide reduced the spread of H1N1 influenza by about 90%. In more
recent researches, it can be seen that Zinc has been shown to reduce or inhibit the replication of
the SARS virus. It was founded by Shakoor et al. (2021) when they conducted a cell culture study
on the Vero-E6 cells. When using both Zinc ions and ionophores, it was found that there's a good
chance that the replication of the SARS virus is pretty low. These were reduced when the
intracellular concentration of the Zinc was set at its highest concentration. The zinc-mediated
inactivation of the RNA polymerase is also considered a possible way of reducing the spread of
SARS in the patient's body affected by it. In keeping with a similar kind of researches, it was noted
by Suara and Crowe (2004, cited in Razzaque, 2021) that Zinc could also help in inhibiting the
replication of a respiratory syncytial virus. The research showed an 800 fold reduction in the
respiratory syncytial virus when about ten μM of Zinc was introduced to the cells that had the virus
in them.
In the research done, Aleem (2020) noted that Zinc could act as a way to help reduce the
number of pneumonia cases that appear in children. In their research, they observed that Zinc was
able to reduce the inflammation of the alveolar ducts of the patients and increase the immune
system of children at the age of 5 and below, leading to them having a less chance of suffering
from pneumonia.
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As previously noted, SARS-CoV-2 can bind to the cell surface ACE2 by binding through
its spike proteins to enter the cells to replicate itself within the body and propagate through it.
Earlier studies done by Patel et al. (2016) and Rosenkranz et al. (2016) have shown that ACE-2
expression is regulated by SIRT1, and Zinc can reduce SIRT-1-mediated ACE2 manifestations.
The experiments conducted on human lung cell lines and then treated with Zinc in combination
with triclabendazole or emetine have been shown to suppress the ACE2 expression without
producing cytotoxicity in the body. This suggests that Zinc is pretty safe when it comes to using it
and also spreading the likelihood of SARS-COV-2 to apply on the body.
Similar research was conducted by Lee et al. (2021). It was concluded that zinc
supplements could augment the suppression effects of drugs to make them potent enough to inhibit
the ACE2 expression in the human lungs. Lee et al. (2021) concluded that Zinc combined with
triclabendazole or emetine could reduce the spread of the virus in a body and may even act as a
cure for it as well. Triclabendazole or emetine alone is not sufficient to suppress the ACE2 levels
present in the cell walls. As such, Zinc acts as an agent that can help reduce the ACE2 expression,
making it hard for the virus to attach to the human body (Lee et al., 2021).
During the later stages of 2019 and the early months of 2020, chloroquine was being used
to treat COVID-19 infection due to the amount of promise that it shows. The researches done by
the likes of de Sena et al. (2019), Centor et al. (2020), Devaux et al. (2020), Ferner and Aronson
(2020), and Huang et al. (2020) shows that the early data suggests there is therapeutic potential for
chloroquine to be able to treat or maybe prevent the spread of SARS-COV-2 in patients. However,
studies such as the one that has been done by Decloedt et al. (2020), Grewal et al. (2020), Javelot
et al. (2020), and Sinkeler et al. (2020) have no benefit for using chloroquine on COVID-19
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patients and documented increased risk of cardiotoxicity in patients. Notably, chloroquine is an
ionophore for Zinc and could improve the cellular entry of Zinc.
Additionally, antiviral effects of Zinc that happen at an intracellular level may be due to
the chloroquine-induced effects documented in COVID-19 patients. In a recent clinical
observation done by Carlucci et al. (2020), zinc sulfate alongside antivirals such as
hydroxychloroquine and azithromycin can provide better therapeutic benefits to patients who
suffer from SARS-COV-2 compared to patients that received the dosage of hydroxychloroquine
and azithromycin without Zinc included in it. In the same research, an increased frequency of
hospital discharge and reduced mortality are documented in patients who got their medications
with zinc sulfate.
Despite the benefits that it provides, many researchers such as Pal et al. (2020), Mégarbane
(2020), Abdulrahman et al. (2021), and Lee et al. (2020) notes that despite the potential of it the
use of hydroxychloroquine when it comes to treating SARS-COV-2 is to be highly debated. It is
mainly due to the side effects of this drug, such as cardiac arrests and an increase in breathing
issues. These will need additional clinical trials to determine the correct dosage of it and how and
when it should be provided to the patients. These studies will also be required to gain more insight
into the role and applications of Zinc in terms of how well it can act against SARS-COV-2. It is
because of the number of side effects it can have on the patients.
One of the leading side effects that Zinc can have consisted of mal-absorption of other
minerals and substances that the human body may not need. It includes minerals such as copper,
which can become poisonous for the patients. Copper can be beneficial for patients and healthy
individuals alike in trace amounts. The reason for this is that copper plays a vital role in improving
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the immune functions of the human body and increasing free-radical defence (Fooladi, Matin, and
Mahmoodpoor, 2020). There are only trace amounts of copper found in the human body as part of
biological fluids or as freely moving ions that can rapidly attach with enzymes made to improve
the bodily processes, as noted by Kardos (2018) in their research. The enzymes present in copper
can help with many bodily functions. They can do stuff such as transportation of the O2 molecules
and increasing the metabolism and the production of the signalling molecules that are considered
responsible for the increase in oxidative stress.
However, as noted by Fooladi, Matin, and Mahmoodpoor (2020), the problem lies when
there is a change in the composition of copper found in the body. It can be seen that a lack of
copper in the body can lead to a much weaker immune system. This can ultimately lead to damage
in the pathogen response of the immune system, leading to the virus sticking with the ACE2. Raha
et al. (2020), in their research, notes that copper deficiency can
lead to a much weaker production of the white blood cells, bones, and tissues of the body,
which can then further impact the health of an individual and how much they will be able to resist
the virus. An increase of copper in the body, such as when copper toxicity is found where it can
be found, can lead to a severe case of multiple organ injuries and an increase in urinal and
gastrointestinal bleeding in the body.
The adverse effects of insufficient copper are usually the case with elders who are generally
very weak and have had lost most of their immune system due to old age or in infants due to how
their immune systems are being formed as they grow older. Raha et al. (2020) note that infants
suffering from genetic disorders due to lack of copper in their body may have a higher chance of
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being affected by viruses and infections, like SARS-COV-2, compared to kids that do not have
any genetic disorders in them.
As news media outlets have promoted the likes of hydroxychloroquine and ivermectin as
a miracle drug that can cure COVID, it remains to be a challenge on how well or effective it is. In
the research that was done by Bryant et al. (2021), it was concluded that ivermectin does provide
significant survival benefits against SARS-COV-2. Their research was formed after conducting a
series of trial sequential analyses that we're able to show how the required IS has probably been
met already (Bryant et al., 2021). Pieces of evidence with low-certainly on improvement and
subsequent death also supported the hypothesis that ivermectin works. These suggest a significant
amount of prophylaxis inside it. These also suggest that using these early can reduce morbidity
and mortality from the virus. Similar findings were found in the research conducted by Vallejos et
al (2021) where it was concluded that ivermectin was proven to be effective when it comes to
providing defense against COVID.
This evidence was noted by Bryant et al. (2021) to be classified under severe adverse events
whose likelihood of happening is pretty uncertain. It is partly due to how there were too few events
in the research that can reach statistical significance. The recent reviews of ivermectin use among
people, such as the ones that were done by Vallejos et al (2021) that consists of parasitic infections
show that the administered ivermectin when given at 0.2 or 0.4 mg/kg is safe and can be usable in
higher doses at higher doses, as seen in the research done by Navarro et al (2020) where it was
concluded that ivermectin can be used in large doses without any prevalent side effects.
For Hydroxychloroquine, similar results were found as well. In their research, it was noted
that HCQ can be safely administered to patients. The research done by Prodromos and Rumschlagg
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(2020) shows that HCQ can be used by physicians to cure SARS-COV-2 with ease due to how
low side effects it has. It can be freely available to be provided to a patient before hospitalization
where early dosage appears to be more flexible compared to giving it to the patient at a later stage.
It is critical that it is done during that time as the research done by Prodromos et al notes that a
fear of fatal heart arrhythmias can be present in there. It is particularly important because of the
other drugs such as remdesivir have shown no over other antivirails inn the research conducted by
Spinner et al (2020). In the same research, it was also concluded that it is also very expensive to
manufacture, which also leads to it being unable to be obtained so easily. Dexamethasone however
has shown to be effective in patients that are in critical state, which was seen to be pretty significant
alternative to HCQ (Prodromos and Rumschlagg, 2020). As previously mentioned before, plasma
therapy has shown great benefits to the patients, which is further confirmed by Duan et al (2020).
However, based on the findings that were presented by Prodromos and Rumschlagg (2020) we can
see that it may not be a viable option on the whole. For one, it can be seen that getting the right
plasma of a patient may present itself as a challenge, due to how it should be donor compatible.
Along with that, hospitals cannot administer plasma therapy to the masses due to how it is very
costly to extract. As such, HCQ proves to be a viable solution to providing an effective cure to
COVID patients due to how it has high efficacy rate and also it is pretty cheap to make compared
to remdesivir. Along with that, wider supply-chain availability benefits the likes of HCQ due to
how cheap it is to make which can further play into it being able to be produced in large quantities
with ease compared to using ivermectin, remdesiver or maybe even using plasma therapy.
While having a treatment for the patients is necessary, vaccinations have proven to be a
great countermeasure against stronger strains of viruses due to how they can produce the right kind
of antibodies that can help reduce the impact of the virus. Currently, the vaccinations that are being
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approved by the FDA or various sources have been usable but with varying results. These results
are based on how it deals with the virus and also how effective it is later on with different variants
as well. Out of the ones that are present from the likes of Moderna, Pfizer-BioNTech, AstraZeneca,
Sinovac, Sinopharm, Johnson & Johnsons, and SputnikV, few of them are able to withstand the
variant with relative ease. However, it was found that others may need additional doses in order to
combat the strain of the recent virus variant, as noted by Buchan et al. (2022).
According to Barrett et al. (2009, cited in Attia et al, 2021), a vaccination process is defined
to be the type of biological procedure that is done to acquire immunity from any infectious disease.
Vaccination is also considered to be a medical process that can act as a prophylactic method that
can prepare the body to face the infectious disease. Due to this, it is a necessity that people are
vaccinated so that they can fight off against the deadly disease. Dai et al (2019) notes that there
are about seven types of vaccines that are present that a scientist can make for a given disease.
These consist of live attenuated vaccines which are made by having a weaker version of the virus
present in the vaccine (Dai et al., 2019), inactive vaccines which are made by causing inactivation
of the pathogens while making sure that it does not replicate so that the immune system can have
a good idea of what the virus is made up of (Dai et al., 2019), subunit vaccines, recombinant
protein, and polysaccharide vaccines that are from the same kind. These are viruses that are made
from bioengineering and creating a substance that mimics how the virus works while making sure
that it remains harmless (Dai et al., 2019). Other vaccines that are made and have their uses consists
of toxoids that are made from selective toxins that have been attenuated to ensure that we can get
a response from the immune systems, RNA/mRNA type vaccine which is made up of the RNA
sequence of the virus which allows the immune system to be able to create antibodies against it,
and the DNA vaccine, which consists of plasmid DNA that is encoded with antigenic proteins that
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are then directly injected in the muscles of the individual. This DNA is then inserted into the
individual’s cells, which then produce the antigen from the infectious agent to protect against the
virus. Each of these works differently based on how they interact with the protein structure of the
virus, which can influence the efficacy rate of the virus or how effective it is against building the
defense against SARS-COV-2. Florindo et al. (2020) note that the vaccines work by stimulating
the immune response of the body to recognize the threat that is produced, destroy it when finding
out about it, form and remember the genetic sequence of that threat and then provide the body with
the proper prophylaxis against it.
Thanh et al (2020) and Yatoo et al. (2020) notes that about 170 vaccine candidates are
under clinical trials during the preclinical phase due to how many vaccines there are to be tested
and also due to how it will work on a growing and evolving virus. These vaccines are based on the
various vaccine types that exist such as the RNA/mRNA ones along with DNA-based, S-protein,
and their subunits. Of these, about 63 of the vaccines are put on clinical trials from January 2021
based on the report that was given by Thanh et al. (2020) and Yatoo et al. (2020). This was done
to ensure that we can determine how well the virus works and also whether it will be able to create
the necessary antibodies against the SARS-COV-2 virus. Of the 63 that are in clinical trials, only
a handful of eight vaccines have passed the clinical trials stage and moved up from phase III. Each
of the vaccines that were approved is to be given to the patients in two doses with a clear interval
of about three to four weeks for it to better develop the antibodies against the virus.
In these, two of the vaccines are based on RNA/mRNA sequences where the RNA can
instruct the cells to be able to produce spikes of protein that are found in SARS-COV-2 to trigger
an immune response from the body. The two vaccines that can do this are the Moderna vaccine,
which was created by Moderna (2020) in collaboration with NIAID and Pfizer-BioNTech as noted
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by Gudadappanavar and Benni. These viruses are usually stored in a colder environment to ensure
that the genetic material of the RNA sequence which will trigger the reaction remains the same.
This is because one of the major drawbacks of making an RNA vaccine is that the vaccine’s
structure is pretty fragile at a lower temperature, which if it breaks can potentially harm the
molecular structure of the virus itself. Moderna vaccine (Moderna, 2020) is kept at -30o
Centrigrade while Pfizer-BioNTech was kept at around -70o Centigrade. Both of these vaccines
were approved on an emergency basis whereas Pfizer was approved in the December of 2020 and
a week later, Moderna was given the same kind of emergency approval as well.
Apart from these, four other vaccines were approved as well. These, while not made with
RNA/mRNA sequence, are made with the adenoviral vaccines. These are made by genetically
engineering the vaccine to contain the spike gene, the genome that can trigger the immune response
system inside the vaccine. The four that work this way are Oxford-AstraZeneca which is made by
scientists from Sweden and England, the Johnson and Johnson vaccine which is created by the
USA, the vaccine made by the Serum Institute of India, and also Gamaleya, also known as
SputnikV is made in Russia. Unlike the RNA vaccines, each of these can be stored in higher
temperatures due to how these have stronger structures. AstraZeneca, Johnson and Johnson, and
the virus manufactured by India are kept at 2-8oC. One of the many benefits that adenoviral
vaccines provide, as noted by Kremer (2020), is that these vaccines can produce rapid antigen
targets inside the organism.
Kremer (2020) noted that it was able to work swiftly in mice, rabbits, hamsters, and
monkeys which can give us a good indication that these can provide swift protection against it.
However, the drawbacks that are present in it consist of the fact that while these are effective, these
can also contain their kind of side effects in them. These side effects can make it potentially a
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dangerous choice to put these in individuals, especially if they have immuno-compromised bodies
or those that are old. Some of the side effects that have been noticed to be caused by these vaccines
consist of fever, pneumonia, lymphopenia, headaches, and liver damage. In AstraZeneca’s case,
for example, on rare instances, it reportedly gave people blood clotting issues that were caused due
to a thromboembolic event in the patients. However, there have been researches made such as the
one noted by Mahase (2021) that show that there is no correlation between AstraZeneca causing a
thromboembolic event in patients. In the research that was done by PRAC (2021, cited in Mahase,
2021), it was seen that there were lower chances of having any thrombotic event in the patient as
it can prevent any kind of blood clotting among patients.
Lastly, the remaining two vaccines that are being provided to people are Sinopharm and
Sinovac which are examples of an inactivated vaccine. These are made in Beijing, China and have
been administered in countries such as Singapore, Pakistan, Japan, and many others. It is made by
using an inactivated SARS-COV-2 virus that remained inert by putting it through a chemical that
keeps its structure but can ensure that it remains in its dormant state. Like the Adenoviral vaccines,
these can be kept in higher temperatures as each of these are stored in storage units that are 2-6oC.
One of the many advantages of using a virus-like this is that it is more reliable compared to other
ones. This is because since we are just providing the body with an inactive virus, the immune
system will be able to better prepare itself for when the live virus shows up. Despite being an older
way of making a vaccine, both of the vaccines mentioned showed significant promise in phases I
and II of the vaccine trials.
However, as the strain of the virus gets stronger with each passing year, it becomes a
necessity to have control of it as soon as possible. This would only be possible if a strong and
effective virus is present that can combat the future variants of the virus as well. Many researchers
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have worked on developing vaccines that target the S protein and the RBD, which can help as a
basis to prevent the spread of the vaccine. Despite knowing this, the vaccine’s efficacy has
remained a cause of concern for the researchers. It is because if a vaccine is made, then it should
be able to provide cure to the receiver for about two years as noted by Dai et al (2019).
As the mutations are being rapidly purged, most of the ones that are observed in genomes
sampled from circulating SARS-CoV-2 viruses are found to be either neutral or mildly deleterious.
This is due to the fact that although high-effect mutations can contribute to the adoption of the
virus and fitness do occur, the changes tend to be in the minority when compared with tolerated
low-effect or no-effect amino acid changes that are found (Walls et al., 2020). A portion of the
mutations are usually expected to impact the phenotype of the virus that may be able to confer a
fitness advantage within it that can make it comparatively different from its previous iterations.
These changes may alter various aspects of a virus's biology, such as its pathogenicity, how it is
able to infect the individual, transmissibility of the virus and also how the antigens will react to it
as well.
It is noted by Harvey et al. (2021) that care needs to be taken that the mutations are not
confounded by being merely present within growing lineages that changes the virus biology
(MacLean et al., 2020). The fitness-enhancing mutations were first found to appear within a few
months after the SARS-CoV-2 was spread around the world and into the human population. For
example, the spike protein amino acid change D614G was noted to be increasing back in April
2020. This has then emerged to be the case several times in the global SARS-CoV-2 population.
Along with that, the coding sequence exhibits a high dN/dS ratio which suggests that there is a
positive selection at the codon position 614 (Zhan et al., 2020; Korber et al., 2020). Many
researches have been done by researchers that have showcased that the D614G protein can cause
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a moderate advantage for when it comes to how the virus can infect an individual as seen in the
researches done by Hou et al. (2020) and Yurkovetskiy et al. (2020) along with how transmissible
it can be as noted by Volz et al. (2020). Several other mutations have arisen as well which has
mostly played a part on how the mutation occurs within the virus and also how the strains have
been different altogether as well.
The second notable feature of SARS-CoV-2 is the presence of RRAR at the junction of S1
and S2. These are the two subunits that are present on the protein spike (Walls et al., 2020). This
allows for an effective cleavage by furin and other proteases which can then play a role in
determining how the infection of the virus will play out and also how it will affect the host as well
(Nao et al., 2020). Along with that, Harvey et al. (2021) notes that a leading proline is also inserted
around this area in SARS-CoV-2 which leads to an inserted sequence within PRRA. The turn
created by this is predicted to result in the addition of O-linked glycans within the S673, T678 and
S686 proteins. These then flank the cleavage site and this phenomenon is found to be unique to
SARS-CoV-2. These sites have not been observed in relation to beta coronaviruses that have
existed. However, it can be seen that there are other human beta coronaviruses including the ones
such a HKU1 (lineage A) that have those sites and predicted O-linked glycans present in them (Liu
et al., 2020). It is likely that, due to how the mutations may have evolved and also how the level
of genetic variation in the spike is present, it can be seen that the SARS-CoV-2-like viruses may
have partial or full polybasic cleavage sites in there.
The consequences of having polybasic cleavage sites like these in SARS-CoV-2 is
undetermined. However, the researchers have been experimenting how this can impact how the
virus is transmitted in terms of virality and also how. Experiments with SARS-CoV have shown
that insertion of a furin cleavage site at the S1–S2 junction can enhance the cell to cell fusion while
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not affecting the viral entry within the human body (Dai and Gao, 2020). Along with that, the
cleavage of the MERS-CoV spike can allow MERS-like coronaviruses to transfer from bats to
infect human cells (Duchene et al., 2020). In the case of influenza viruses, researches such as the
ones done by have shown the case of rapid replication and transmission in highly dense chicken
populations. These are selected for the acquisition of polybasic cleavage sites in the HA protein
(Worobey et al, 2020). As noted by these serves a function similar to that of the coronavirus spike
protein. Acquisition of these sites in HA either due to insertion or recombining with other kinds of
spike can convert low-pathogenicity influenza viruses into a more highly pathogenic version of it
(Worobey et al, 2020). The acquisition of these by HA has also been observed after repeated
passage in cell culture or through animals (Rambaut et al, 2020).
The function of the predicted O-linked glycans is unclear however, it may be noted that
they could create a ‘mucin-like domain’ that shields epitopes or key residues on the SARS-CoV2 spike protein (Thompson et al., 2020). Some of the viruses can utilize mucin-like domains as a
way to create glycan shields that are involved in the immune evasion (Thompson et al., 2020).
Although prediction for this has been done by many researchers, it can be seen that more research
needs to be done when it comes to examining the extent with which these sites are used in SARSCoV-2.
The extent with which mutations can affect the antigenic phenotype of SARS-CoV-2 can
enable variants to circumvent immunity conferred by natural infection or vaccination remains to
be determined. However, there is growing evidence that mutations that change the antigenic
phenotype of SARS-CoV-2 are circulating and affect immune recognition to a degree that requires
immediate attention. These can mediate the attachment of the virus to host cell-surface receptors
and fusion between virus and cell membranes (Letko et al., 2020). It is also the principal target
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that is used by antibodies to neutralize the virus that is attached to the cells following infection by
SARS-CoV-2 as noted by researchers such as Piccoli et al. (2020) and Liu et al. (2020).
Due to the recent cases of the Omicron variant, this issue has been brought to the forefront
as questions are being raised over whether the currently available vaccines are efficient enough to
combat this new variant. Along with that, do the fully vaccinated individuals have a chance at
combating the virus, or will they need to administer themselves with another dosage of the vaccine.
In the research that was done by Collie et al (2021), they were able to observe that the individuals
that were fully vaccinated had a 70% efficacy rate when it comes to long-term protection against
the Omicron variant. It is a significant drop from what was noted in the comparator period that
was about 93%. It shows that as the strain of the virus has grown stronger, the efficacy rate of the
vaccines has taken a dip as well. Buchan et al. (2022) in their report notes that having two doses
of the vaccine is very unlikely to protect against the Omicron variant. In their report, they were
able to note that while the Delta variant was taken care of pretty well, the protection against the
Omicron variant remained a lot to be desired. However, a third dose of the vaccine may be able to
provide some form of protection against the Omicron variant in the short term, the changing
structure of the virus and how the genome of it changes over time may eventually make the mRNA
vaccines ineffective as well. As such, there may become a need to inject the people with a booster
shot, or increasing the dosage may turn out to be an effective measure against the virus. However,
as reported by the Hong Kong university that having a third dose of an RNA vaccine may be able
to increase the protection against the virus. It may be due to how the RNA vaccines work which
can allow the immune systems to better prepare themselves against the foreign bodies as they will
be exposed to the RNA sequence of the virus rather than the structure of a previous variant.
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The original strain of SARS-CoV-2 has an R0 of 2·5, while the delta variant has the R0 of
around 7. It can be seen that the R0 of the omicron variant can be high as 10. In the UK, for
example, cases are doubling every day which may just make it the dominant variant, surpassing
the Delta variant, which puts it on track to supplant delta as the dominant variant in the country by
mid-December. It also complicates control efforts that are usually done via contact tracing. The
reason for that being is contact tracing is able to provide an update on the spread of COVID if the
people determining the spread have about a week or two between infections to work with which
was noted by Hibbard (2021, cited in Burki, 2021). However, as he notes, it is almost impossible
to use contact tracing if the individual has about 2 or 3 days between infections to work with. As
such, they may need to rely on other measures such as daily testing in order to determine how
much the virus has spread (Burki, 2021).
It is very soon to determine the extent with which vaccination or previous infection with
SARS-CoV-2 can protect against the Omicron variant. The early signs that are shown in the
research stated before are concerning to say the least (Burki, 2021). About 70% of the UK
population, for example, has been fully vaccinated for COVID 19 two doses of the COVID-19
vaccine making them far behind countries such as Germany, Italy and Spain. However, the
proportion of the population who harbor both the antibodies against SARS-CoV-2 and the vaccines
exceeds 90%. Vaccination rates are considerably lower in South Africa, as an example, infection
rates with SARS-CoV-2 are found to be extremely high while the pandemic is going on. Yet
Omicron is spreading like wildfire in South Africa, the United Kingdom and subsequently in
various areas of the world. many organisations have suggested that protection against diseases like
SARS-CoV-2 at 25 weeks after two doses of the COVID-19 vaccine could be less than 10% for
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the Omicron variant. This is about 75% less than what was found for the Delta variant, which was
estimated to be around 40%.
Experts have stated that the Omicron variants looks to be the one where three shots of
vaccine will be needed due to how strong the strain of the virus is and how the current vaccines
are not equipped to handle it as well (Burki, 2021). In this aspect, we may not need to keep the
prospect of having a booster shot amongst the people but instead opt to go with a full third dose of
the vaccine in order to gain a long term protection against it. As of Dec 11, about 34% of the UK
population had received three doses of the COVID-19 vaccine. If having three doses is regarded
as being equivalent to being fully vaccinated, then the country is back to where it was in the fourth
week of May, 2021 (Burki, 2021).
While Pfizer-BioNTech and Moderna have stated that they could produce vaccines specific
to omicron within 100 days, since their vaccines were found to be pretty ideal when it comes to
giving protection against the variants. However, it may be seen that these vaccines may be outdated
due to how the genome and the protein structure of the virus has changed with each variant (Burki,
2021). As such, it may not even resemble what it was in the Delta variant or maybe even the first
Alpha variant that was discovered in Wuhan, China. If the vaccine is made according to the
genomic structure of the virus, then researchers like Mahase (2021b) notes that we may only need
two doses like before rather than have the crowd get a third dose or get a booster shot. There is a
lot of mutations in the Omicron variant that may be similar to the other variants of concern that we
have seen so far, so there is no reason to think you would not get strong cross-protection from a
vaccine based on Omicron. The major issue is that we risk creating a two-tier system, with poorer
countries stuck with out-of-date vaccines.
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Most of it will depend on what scale the infection is spreading and how severe the strain is
of the Omicron variant. Due to how recent it is in terms of when it was discovered and also how it
was discovered, the researchers are heavily reliant on the sequencing data for the Omicron in order
to get an idea on what its structure it. Based on the data it is revealed that there are more than 30
mutations in the spike protein that are used as a basis of the COVID-19 vaccines. Each of these
proteins consists of antibody data that is able to provide us with the information that the new
variant has partial but not complete resistance to existing immunity cells. Vaccine effectiveness,
however, is also determined by binding antibodies that can prevent SARS-COV-2 from getting
into the T-cells which attack infected cells and help with the production of the antibodies (Burki,
2021).
T-cells are the cells in the immune system that respond to the arrival of the spike protein.
This response is done so they are less likely to be bothered by a few mutations. These cells
probably play a part in preventing severe diseases and saving the body from its effects. However,
the extent with which it does it is unknown at the moment due to how different the Omicron variant
is found to be and how much damage it can do to the lungs and the human cells. When it eventually
emerges, the vaccine effectiveness data might indicate that Omicron does not significantly increase
the risk of severe disease or death in vaccinated populations. But billions of people around the
world are not part of a vaccinated population. Just 7% of Africans have received two jabs with the
COVID-19 vaccines.
Along with various cures, both in terms of providing prevention against SARS-COV-2 and
also in terms of how the long term effects can be mitigated, what can be considered as a cure for
SARS-COV-2 comes in various traditional Chinese medicine that have been available for
thousands of years. These have gained importance in infection healing due to how it can cure these
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by introducing various anti-inflammatory bodies which are able to combat the adverse effects of
the virus. These have proven to be significant therapy measures for diseases such as the H1N1
influenza that happened in 2009 H1N1 and H7N9 Influenza which is the evolved version of the
H1N1 (Wu et al., 2020), the Ebola virus (Wu et al. 2020), and also SARS (Yang et al., 2020). This
proves it can be an effective measure towards SARS-COV-2 due to how it has the same kind of
genome structure in it.
In the research that was done by Ouassou et al. (2020) that the combination of herbs and
medicine that was used back when SARS happened had a significant impact on it a significant
impact on SARS. The State Administration of Traditional Chinese Medicine advised the use of
Qing Fei Pai Du decoction which is made by the use of Ephedrae herba, Gypsum fibrosum,
Pinelliae rhizoma, Zingiberis rhizoma recen and Aurantii Fructus immaturus. This proved to be
about 90% effective when it comes to treating SARS-CoV-2 as seen in the research that was done
by Cui et al (2020). Alongside these, SARS-COV-2 has been suggested to be treated with the
following herbs with it showing very strong results as noted in the research that was done by Yang
et al (2020). Each of the ones mentioned below can be used to control symptoms such as fever,
cough, and fatigue that is often found in patients that are suffering from SARS-COV-2
● Yin Qiao San that is made up of herbs such as Fructus Forsythiae, Flos Lonicerae, Herba
Schizonepetae, Fermented soybean, Fructus arctii, Radix Platycodonis, Herba Menthae,
Herba Lophatheri, Radix Glycyrrhizae, and Rhizoma Phragmitis
● Yu Ping Feng San includes Astragali radix, Saposhnikoviae Radix, Astragalus
membranaceus, Atractylodes macrocephala
● Shuang Huang Lian includes Forsythia suspensa, Lonicera japonica, and Scutellaria
baicalensis
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● Lian Hua Qing Wen Capsule includes Forsythia suspensa, Houttuynia cordata,
Glycyrrhizae, uralensis, Gypsum Fibrosum, Ephedra sinica, Lonicera japonica, Isatis
indigotica, Mentha haplocalyx, Dryopteris crassirhizoma, Rhodiola Rosea, Pogostemon
cablin, Rheum palmatum, and Armeniaca sibirica.
Lin et al. (2014) note that due to the failure of existing drugs against viral infections such
as H1N1 influenza and the novel coronavirus, along with the likelihood that the strain getting
stronger, there has been a strong case for finding out the benefits in plants and naturally occurring
solutions compared to the rest of the things. It is because nature provides us with various chemicals
and products that can help the individual in any way they are looking for. These can be turned into
drugs based on the user's need and can be a great mechanism against many viral infections, as
Denaro et al. (2020) noted. Compounds such as phenolic acids, terpenes, flavonoids, coumarins,
alkaloids, and proteins can play a significant role when it comes to inhibiting the spread of the
virus and also as a way to act as a complementary therapy against viruses, as noted by Daglia
(2012) where they were able to conclude it with their research that these naturally occurring
compounds were able to work against MERS so they should be able to handle the SARS-COV-2
variant with ease.
Many natural projects have been tested out in various settings and healthcare measures to
assess and evaluate their effectiveness. Adam et al. (2020) note that the experimentations have
shown significant promise when it comes to providing treatment to the patient or acting as a
measure to prevent the spread of the virus. Many biochemical compounds use different
mechanisms to inhibit the virus and ACE2, 3CLpro, and PLpro. In the research done by Omrani
et al. (2021), they were able to list out many potential chemicals that were found to be pretty
beneficial when treating the effects of the virus and stopping the spread of the virus. In their
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research, they were able to find that compounds such as Saikosaponins had anti-viral activities
inside them that can help stop the spread of the HCoV-229E, an α-CoV variant when it is placed
at a range of 0.25 and 25µM, showing strong activity in their experimentations. Saikosaponins
were able to stop the spread by inhibiting the attachment of the virus to the cells in the human
body, which leads to it blocking the penetration in the cells and preventing the early stages of viral
replication from stopping. The efficacy of the aqueous and hydroethanolic extracts was also
examined. It was found that these were effective agents when it comes to inhibiting and stopping
the spread of the virus, especially at the ACE2 levels. In their research, Thabti et al. (2020) found
that leaf water extracts have the best anti-viral activity against the HCV-229E coronavirus.
As previously noted, Chinese medicine has shown promise when acting as a cure and a
treatment for the coronavirus vaccine. In the research done by Duan et al. (2011), they found that
traditional Chinese medicine LHC against many influenzas gave us promising results due to how
effective it was. When investigated in vitro, it was found that it could reduce the duration of the
virus and reduce the viral shedding of it. More recently, Runfeng et al. (2020) did their research
and found that LHC could significantly inhibit the spread of the virus. In the research, they stated
that the experimentations showed that LHC could affect the morphology of the virus and exhibit
many anti-inflammatory activities inside it.
Along with that, Terpenoids are found to be pretty useful in providing a cure for patients
suffering from SARS-COV-2. These are diverse plant metabolites, as noted in Omrani et al.
(2021). These, along with many other compounds, are proven effective against SARS-CoV-2.
Some terpenoids such as ursolic acid, oleanolic acid, and carvacrol are shown to act as potential
inhibitors of the main protease of SARS-CoV-2. These can do it by using integrated molecular
modeling approaches that bind themselves with the virus and then break it, as noted by Kumar et
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al. (2020). In some research done by Kumar et al. (2020), the three natural compounds, i.e.,
digitoxigenin, crocin, and β-eudesmol, had good activity against the main proteases of coronavirus.
From this research, Aanouz et al. can propose that these can act as inhibitors for the virus due to
how much it can act on the main protease of the virus. Artemisinin and a limonoid, 6-αacetoxygedunin, along with glycyrrhizin are terpenoids that show potential inhibition against the
COVID-19 main protease active site and ACE2 in the researches that were done by the likes of
Chen and Du (2020), Khandelwal and Sharma (2020), and Omaret al. (2020). Along with these,
several natural products screened by docking analysis conducted by Narkhede et al. (2020)
indicated that glycyrrhizin and some other natural products, including tryptanthrine, rhein, and
berberine, can exhibit a higher degree of interaction with the COVID-19 main protease.
In research conducted by Cheng et al. (2020), we found that citrus peels have chemical
compounds and structures that can help cure the virus better. They found that the naringin found
in the orange peels, along with hespereing, has a strong binding affinity with the ACE2 enzymes.
Along with other flavonoids found in Chinese herbs, naringin also possesses various applications
to reduce the respiratory symptoms found in SARS-COV-2. In the same study, Cheng et al. (2020)
note that naringin can improve various functions such as improving lung function, alleviating any
acute lung injury, improving pulmonary fibrosis, and be able to improve the anti-viral immune
response through its Catabolite HPPA, as noted by Su et al. (2020).
The findings from the research that was done by Omar et al. (2020) proved that quercetin,
hispidulin, and cirsimaritin exhibits better potential inhibition than compared to something like
hydroxychloroquine or any others in the chloroquine family, which can act as a potential inhibition
against the COVID-19 main protease active site and ACE2 (Omar et al., 2020). Moreover,
according to the results of a study that was done by Smith and Smith (2020) in which 8,000 well
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known drugs and natural products were screened and test, it was found that quercetin was among
one of the most potent compounds. The research was done to assess which compounds are able to
strongly bind with the S-protein ACE2 enzymes in order to inhibit the spread of the virus by a
significant margin. Based on the results of a computational study in which, researchers such as
Adem et al. (2020) also showed when they investigated a library of natural phenolic compounds
(comprising 80 flavonoids) against SARS-CoV-2 main protease, other flavonoids such as naturally
occuring hesperidin, diosmin, runtin, and apiin possessed the ability to have the potential to bind
to the active sites inside the human cell. In the same research that was done by Adem et al (2020),
hesperidin was found to have the best binding affinity to the main protease. Also, in the research
that was done by Das et al. (2020), rutin shows notable inhibitory activity against SARS-CoV-2
main protease, indicating it can act as a great anti-viral for a patient that suffers from SARS-COV2.
Despite the notable effects of quercetin and its derivatives, some issues should be
considered. Quercetin and its glucosides found in plants were preferred for interaction with
proteins. It has been proven that, despite administration of a high oral dose of quercetin, plasma
contained traces of the glycoside due to biotransformation in the gastrointestinal tract as noted by
Omrani et al (2021). Thus, the required concentration for quercetin to perform as an inhibitor of
the SARS-CoV-2 the ACE2 enzyme is not reachable by oral administration. However, as noted by
Zhao et al. (2019), a nasal spray that is made with quercetin glucosides can act as a suitable form
can deliver the appropriate concentration to the active sites. Willaimson and Kerimi (2020) notes
that administration of quercetin was recommended by the practitioners when the cases of SARSCOV-2 were at its peak in order to provide cure to them. These were to be done directly through
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alternative routes such as a nasal sprays for it to be any kind of effective in clinical trials
(Williamson and Kerimi, 2020).
As mentioned earlier, more than one host-cell receptors are reported to be recognized by
the viral spike protein in order for the immune system to be used in general. HSPA5, also termed
GRP78 or BiP, is considered to be one of those receptors on the cell surface. Some of the active
components that are found in some products have been tested against HSPA5. Based on the
obtained results from Elfiky (2020), some of the compounds such as daidzin, formononetin,
genistein, and biochanin A along with estrogens are able to have the best binding affinities on
HSPA5. According to these results, there are many molecules such as the δ-viniferin, myricitrin,
taiwanhomoflavone A, lactucopicrin 15-oxalate, nympholide A, afzelin, biorobin, hesperidin, and
phyllaemblicin B that strongly bind to the SARS-CoV-2 MPro. The flavonoid myricitrin is able to
strongly bind with SARS-CoV-2 MPro. This bind allows for it to have high solubility and
bioavailability. Interestingly enough, this compound also shows strong binding with other
potential targets of SARS-CoV-2 infection, such as the viral receptor ACE2 and RNA-dependent
RNA polymerase (RdRp) as noted by Joshi et al., 2020.
In another report that was done by Pandit and Latha (2020), the study was focused on three
target proteins, such as the Spike glycoprotein, main protease, and the RDRP, which are important
in the life cycle of SARS-CoV-2. From these, it was concluded that silybin, an active constituent
found in Silybum marianum, showed a binding affinity with targets in SARS-CoV-2. Also,
withaferin A from Withania somnifera showed significant binding to the target proteins (Pandit
and Latha, 2020). According to many studies, such as the one that was done by Contreras-Puentes
and Alvíz-Amador (2020), PLpro and 3CLpro can be considered important targets for anti-viral
drugs which can help curb the spread of the coronaviruses. About 38 drugs and analogs with anti77

viral activity and 55 of natural origin were screened by Contreras-Puentes and Alvíz-Amador
(2020) for inhibitory activities against PLpro and 3CLpro. The results showed that saikosaponin
D has the highest affinity to 3 CL-PRO. In addition to this, amentoflavone (63) seemed to be a
promising inhibitor of PLpro (Contreras-Puentes and Alvíz-Amador, 2020). Molecular docking
studies that were conducted by Tahir ul Qamar et al (2020) in which 32,297 potential anti-viral
phytochemicals or traditional Chinese medicinal compounds were tested against 3CLpro of SARSCoV-2 shows a similar kind of result. The results shows us that the two compounds, including
5,7,3′,4′-tetrahydroxy-2'-(3,3-dimethylallyl) isoflavone and myricitrin and methyl rosmarinate
have inhibitory effects against 3CLpro of SARS-CoV-2.

2.2.4. The use of CBD to treat lung-related diseases
Despite having severe side effects and being considered a drug for so many years, CBD
has seen its many uses, including medicine. In the past, CBD found in the likes of Marijuana and
hemp has been used to cure illnesses related to lung diseases and various cardiovascular issues. In
the United States, as an example, it was used as a medicinal drug up until 1941 when it was
outlawed due to how it was labelled under dangerous and harmful substances without medicinal
use due to how it can be a mind-altering drug (Joshi, Joshi and Bartter, 2014). A high dosage can
potentially lead to the patient becoming addicted to these. While the likes of Marijuana have been
used globally as an illicit substance nowadays (Joshi, Joshi and Bartter, 2014), it has various
medicinal uses. It is because Marijuana, for example, comes from the Cannabaceae family that is
prepared from dried flowering tops and leaves of female plants.
Smoking or inhaling cannabis-based substances can lead to significant respiratory effects
that can improve the functioning of the lungs and exhibit positive symptoms as well. Along with
that, using cannabis oil or its related products is proven to be useful for patients suffering from
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lung-related issues. The common and most important compound present in it is delta-9-THC, along
with 60 compounds of CBD that are found as well. While Marijuana may remain in the grey area,
use of CBD has seen an increase in usage, especially when curing or alleviating lung-related
diseases.
In the research done by Vuolo et al. (2019), exposure to CBD in mice suffering from asthma
led to a decrease in the inflammation and remodelling of the alveolar ducts that are present in the
lungs. It may be due to anti-inflammatory and antioxidant effects, which can help decrease
inflammation, alleviating breathing in asthma patients. In addition to this, it can be seen in other
research, such as the one conducted by Pini et al. (2012), where they were able to deduce that
CBDs can reduce the inflammatory pain and the ischemic strokes found in patients who have
asthma. It can be seen that this happens because of how the CBDs work on both the CB1 and CB2
receptors, which can also alleviate breathing problems among patients. These can act as potent
suppressors that can help in reducing any form of inflammation that is found in the lung, either
due to asthma or due to allergies.
In other areas, CBD has also seen significant evidences when it comes to stopping cardiac
or pulmonary related problems as well. Sadowska et al. (2020) notes that CBD can be pretty useful
when it comes to alleviating the pain in patients that are suffering from pulmonary hypertension
due to the amount of anti-inflammatory properties that it has. In their experiment, they saw that
the rats that were suffering from it were able to feel more soft care from their job.
According to (Joshi, Joshi & Bartter, 2014), By improving airflow, CBD helps patients
with chronic obstructive pulmonary disease avoid low blood oxygen levels and their struggling
shortness of breath. A study from pharmacology and experimental therapeutics research magazine
(Zu et al., 2021) studies show that marijuana has bronchodilator properties but also has anti-
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inflammatory activity in the airways. The effects of a few cannabinoids are compared: Δ9tetrahydrocannabinol,

cannabidiol,

cannabidiol,

cannabinene,

cannabidiol

acid,

and

tetrahydrocannabinol. Finally, only CBD and THC can inhibit the contraction of smooth muscle
by interfering with the CB1 and CB2 receptors in the lungs, allowing more oxygen to pass through
the airflow.
A relatively new study by (Patel et al., 2021) who tested CBD in 2019 and showed its
efficacy in asthma, airway hyperresponsiveness and the cure of breast cancer. Since CBD interacts
with receptors through the central nervous system and immune cells, CBD treatment, regardless
of the dose, will reduce airway hyperresponsiveness. On the contrary, only in the case of high
doses, static lung elasticity will decrease.
A seizure can cause convulsions in the individual. Due to the contraction of the lung
muscles, it will affect the bronchi and bronchi, causing difficulty breathing and wheezing. A study
conducted by (Margherita Russo et al. in 2015) showed that oral Sativex spray at a ratio of CBD
and THC 1:1 works on patients with multiple sclerosis, and one of the main symptoms of these
patients is muscle cramps (Like asthma, it can also be COPD). Although these studies are
promising, more in-depth research and double-blind human studies are needed to prove the
efficacy of CBD on asthma and other lung diseases.
As noted in the research that was done by Blaskovich et al. (2021), it can be seen that they
were able to find that CBDs does have many usable amounts of antibodies inside it that is able to
work on curing lung related issues that patients may face. They were able to determine that this
will be able to provide help with nasal decolonization among many things that the patient may
need help with. It shows a consistent amount of MIC in the results that were found where the
resulting value is 1–4 μg mL−1 against a diverse set of Gram-positive bacteria that consists of
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viruses such as MRSA, MDR, treptococcus pneumoniae, Enterococcus faecalis, and the anaerobic
bacteria Clostridioides (previously Clostridium) difficile and Cutibacterium (previously
Propionibacterium) acnes.
In their study Blaskovich et al. (2021) have discovered that CBD and other cannabinoids
have selective activity against subsets of Gram-negative bacterias. These include ones that are in
the CDC and the WHO’s high priority drug-resistant pathogen N. gonorrhoeae. It causes many
types of infections that are resistant to various existing antibodies, except for CBDs. In addition to
this, they were also able to provide an extensive spectrum of the activity of such viruses that have
been previously reported which include the likes of pathogens such as vancomycin-resistant E.
faecium and MRSA, and also disease such as bronchitis as well (Blaskovich et al., 2021). They
were able to also demonstrate that CBD does not lead to resistance to the substance after being
used repeatedly by the user. This result shows promise as a combination of properties that are
shown is able to provide a compelling case for conducting further investigations into how much
more beneficial can it be as well (Blaskovich et al., 2021).
However, the main issues that are found that can impact the advancement in the research
of CBDs as a therapeutic antibiotic lies in the lack of systemic activity that is found within the
substance itself. This can be demonstrated by explaining CBD’s high serum binding which is noted
to be over 94% (USFDA, 2018). It is found that most of it is inactivated when MIC assays are to
be conducted inside the presence of 50% human serum where the MRSA MIC is found to be more
than 256 μg mL−1. The studies that are related to oral, pulmonary and intravenous dosing of CBDs
in test subjects such as mice (Deiana et al., 2012), rats (Hložek et al., 2017), and humans (Millar
et al., 2018) showcases that the increased concentrations of CBDs that were administered to the
infection studies should provide total plasma concentrations that exceed the MIC for a number of
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hours. However, this does not account for the free CBD fraction if it is highly plasma bound and
therefore unavailable. Interestingly, these reports indicate that oral delivery appears to provide
much better systemic exposure than subcutaneous dosing as noted by Hložek et al. (2017). What
is more surprising from these studies is the high dependence on composition of CBD in order to
increase the topical efficacy in an ex-vivo pig skin infection model, as high levels of CBD are not
able to kill bacteria if they are inside a compatible way to take these.
The research that was done by Blaskovich et al. (2021) is able to provide a significant
amount of evidence towards the increased potential to alter CBD’s core structure while retaining
activity in order to retain the medicinal properties of CBD that it has. This may give hope to the
researchers, scientists, practitioners, and the patients alike that the physicochemical properties can
be modified to provide systemic activity. Notably, the variations that were seen in the SARS
against MRSA and N. gonorrhoeae can indicate that there is potential to develop a N. gonorrhoeae
targeting agent that are not only selective over any specific kind of bacteria which can then lead to
an increase in the dosage of it as well. The narrow spectrum antibiotics are being recognized as an
important advancement in the field of antibiotics. It is due to how these are able to spare the natural
microbiome by not killing beneficial commensal bacteria as noted by Melander et al. (2018). This
phenomenon can potentially provide a substantial advantage for derivatives of CBDs over other
substances that produce more antimicrobial bodies.
In the experiments that were done by Blaskovich et at. (2021), for instance, there were a
lack of of CBD activity present against most of the Gram-negative bacterias that are present in the
outer membrane and lipopolysaccharide as membrane-disrupting drugs can increase Gramnegative susceptibility to CBD. In another research, however, it was observed that CBDsusceptible bacterias can have traits where lipopolysaccharide are not an essential building block
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but then so is non-susceptible A. baumannii as noted by Zhang et al. (2013). More work needs to
be done in order to understand the different kind of reactions that can be found when it comes to
exposure of bacteria with the antimicrobials that are found inside is required to decipher the subtle
variations in outer membrane composition that affect CBD antibacterial activity, as well as further
studies to ascertain whether there are specific pathways targeted by CBDs so that these can be used
to determine and examine how effective it can be when it comes to working with lung related
issues or diseases.
CBDs can represent the prototypical member of many classes of antibiotics that are able to
have a potential to develop new analogs that have narrow spectrum over selective Gram-negative
activity against the dangerous pathogens. Given recent concerns over the rise of SARS-CoV-2 and
its variants, the discovery of a new class of compounds that is active against the major types of it
or is able to provide help with restoring the breathing that is damaged by the virus is an important
development, though tempered by the need to develop an analog suitable for systemic treatment.
For a more immediate application of CBD’s antimicrobial activity, clinical trials are being initiated
to test CBD as a topical therapy for nasal decolonization among many other things where the
eventual goal is to reduce the amount of infection or the strain of it as well. The safety of CBD,
given how widespread it is being used and its low propensity to induce resistance make this
indication an attractive target, it can act as a viable measure with which we can provide some
alleviation to the patients that have suffered from SARS-COV-2.
However, these will only be anything viable if the dosages of these are kept at a moderate level
depending on the need of the patients. In the research that was done by Yayan and Rashce (2016),
they noted that heavy usage of it can lead to an increase chance of airway obstruction and can
eventually cause bronchitis amongst individuals if proper care is not taken for it. In their own
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research, it was deduced that acute cannabis smoking can result in clearer airways and
improvements when it comes to day to day breathing. However, any benefits gained from it will
be offset by the long term drawbacks of being exposed to cannabis if smoking is chosen to get the
CBDs in the body. In most cases, these are either injected thought fluids or are given in the form
of oils that are then rubbed over the body so that the anti-viral compounds can seep in through the
skin pores.
In many researches that were done on lung cancer, it can be seen that CBDs are able to
induce the apopsosis of the cells by targeting the COX2 and the PPARγ. Studies done by the likes
of Ramer et al. (2013) notes that when lung cancer cells are affected by CBDs, the cell mutation
begins to slow down and it further reduces the chances of the cells becoming dead as the cancer
progresses. Other studies have been done, such as the ones noted by Pisanti et al (2017) that were
made by using the lung cancer cells shows that the CBD was able to inhibit the process of invasion
and metastatis of the cancer cells by decreasing the secretion of the PAI-1 in the body. Along with
that, CBDs were also able to upregulate the expression of the surface proteins ICAM-1 that are
found in the lung cancer cells that often correlate with the decrease in the metastatis of the cells.
By targeting these, the CBDs will be able to reduce the spread of the harmful cells in the body,
which can prove to be beneficial for the cancer patients (Tomko, Whynot, Ellis and Dupré, 2020).
Along with that, using CBD based treatment to cure lung cancer can increase the likelihood
of the susceptibility of the lung cancer cells to adhere towards the LAK cells. The upregulation of
the ICAM-1 cells may play a part in this as it can potentially lead to an increased action within the
LAK cells of the patients. In one of the studies noted by Tomko, Whynot, Ellis and Dupré (2020),
it was seen that the CBD treatment was able to restore the epithelial phenotypes of the cells and
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was able to reduce the migration of the cancer cell, leading to it being less spread around the human
body and not causing it to move to the later stages of cancer.
In the research done by Sulé-Suso et al (2019), it is noted that CBDs can act on tumor cells
by targeting different pathways and that these may change depending on whether the cells that are
being targeted are directly done or are indirectly targeted or how malign the cells are in general.
These can act as inverse agonist for the CB2 receptors in the body but also act as an antagonist for
the CB1 receptor, as noted by Hudson et al (2019). Along with that, it is also noted that CBDs may
also have a low affinity to either of the two mentioned receptors as well. CBDs have a significant
amount of anti-cancer effects in it that are able to act as an agonist against the TRPV 1 and 2 cells,
which can then lead to a change in the intracellular CA2+ levels in the cancer cells (Sulé-Suso et
al., 2019).
However, in many researches, it is found that the use of CBD in the context of vaping
cannabis oils can lead to adverse effects in the patients, where they could just be suspected of acute
respiratory failures as well. As noted before, CBDs are consumed in various methods, either
through directly applying oils made by it on the body or through the use of vaping the CBDs by
burning cannabis or its related products. Vaping, as noted by Palazzolo (2013, cited in Adapa et
al., 2020) is the process of inhaling the vapors that are formed by e-cigarettes or vape machines
that are being popular in recent times. These allow one to smoke nicotine, CBDs, flavoring agents
and other substances that the customer may want to ingest, either due to their own interests or due
to medicinal purposes (Adapa et al., 2020). These consist of a vape cartridge that allows one to put
their desired inhalant, such as CBDs in liquid form along with a mouthpiece, a heating
compartment and a battery that powers the whole machine. The heating compartment does the
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main job of evaporating the liquid CBD to the mouthpiece as it allows the individual to vape the
vapors formed within the e-cigarettes.
Most of the vaping cartridges consists of a mix of THC and CBD in different concentrations
that allows one to be able to get the right amount of CBD or THC inside their. While inhaling these
by it may prove to be beneficial, the reason why consuming vape like this is found to be harmful
by Adepa et al (2020) is that it consists of terpene inside it. According to Cox-Georgian, Ramadoss,
Dona and Basu (2019), terpenes are a group of hydrocarbons that are naturally found in various
essential oils made by synthesizing the trichomes that are found in plants. It is seen in various
researches, such as the one done by Tomko et al (2020) that using a mix of CBDs with terpenese
can give great benefits to patients that are suffering from lung cancer.
However, as noted by Adepa et al. (2020), the mix of terpenes produces an adverse effect
on the person vaping from the e-cigarettes where due to the high heat that requires vaporizing the
CBD in liquid form, it results in the production of benzene and methacrolein, which are chemical
compounds that are known to be harmful to the lungs. These can cause acute lung injuries in the
patient and pulmonary edema, which causes lung failure amongst patients as noted by Anderson
and Zechar (2019). The combination of CBD and THC oils that are used to vape in cartridges also
contains various other compounds that may also act as a way with which they can harm the lungs.
These are largely dependent on the type of extraction solvents that are used and also how severly
these can affect the lungs as well (Budney, Sargent and Lee, 2015). The most commonly used
solvents that are mixed with CBD and THC oils are butane, ethanol, propane, and CO2. CBDs that
are extracted from butane oil contain a very high amount of THC compared to CBD, where THC
is found to be around 80% compared to the 10% to 25% that is found with other methods of
extracting THC and CBD from oils, as noted by Chan et al. (2020) and Meier (2017).
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However, smoking BHO which is found in butane oil was linked to acute respiratory
failure. This was noted in the case study presented by McMahon et al. (2016) where a 19-year-old
male required intubation in order to survive and the proposed mechanism was a direct injury that
was caused by inhaling butane along with other impurities that were present as he smoked those
with CBDs. In another instance, Anderson et al. noted that an 18-year-old female was diagnosed
with pneumonitis and respiratory failure secondary because of her inhaling BHO-processed
cannabis using vape machines. Vitamin E acetate can also be considered as a harmful chemical
that can potentially harm the lungs as it are being inhaled with CBDs. These are commonly added
to CBD-based cigarettes. In small doses of inhaling it, it was found that patients that took vitamin
E acetate aerosols were found to have an increased likelihood of lung injury present in their body.
These experiments were conducted by Bhat et al. (2020) by analyzing the bronchoalveolar
lavage fluid in patients that took vitamin E acetate through their CBDs. The presence of these
inside the alveolar ducts of a majority of the patients that were diagnosed with VALI, as noted by
Blount et al. (2020) further strengthens the impact CBDs will have when heated within the
prescence of vitamin E acetates. Wu and O’Shea (2020) note that heating vitamin E on high
temperatures when it is being vaped alongside CBDs can also release a toxic ketene gas. The gas
that is produced may also be able to directly hurt the lungs as well. Alongside this, the chemicals
that are released from vaping CBDs can also harm the bronchial epithelium or may even damage
it as it disrupts the alveolar surfactant. This can potentially lead to it interfering with gaseous
exchange that lungs do, leading to an increased chance in respiratory failure, as noted by Alon and
Saint-Fleur (2017).

87

2.2.5. CBD in the context of SARS-COV-2 and its pathogenesis
From the previous section, we were able to identify and learn that CBD, despite needing
more research to examine how well it works, may just be viable enough to provide some form of
help to the patients that are suffering from COVID-19. Based on the amount of micro bodies that
it has and also the amount of research that is done when it comes to examining the medicinal
properties of CBDs in the context of lung related diseases, it can prove to be a viable alternative
to medicines due to how it is cheaper to find and it is easier to extract microbes from it. Despite
numerous studies that have been conducted and have contained many unsubstantiated claims about
the use of CBD and the products related to it, its main biology remains a secret, which can then
act as a basis to conduct this research. The oral solution of CBD is considered an FDA-approved
drug that is mainly used to treat any epilepsy. Hence CBD does have a drug status, which means
it can act as a viable alternative to existing drugs when it comes to acting as both an anti-viral drug
and as a therapeutic as well, which was noted by researchers such as Salles et al. (2020) and Vuolo
et al. (2019). Since this is considered a drug, it cannot be marked as a dietary supplement in
countries such as the United States, meaning we can potentially see it being used worldwide if it
is given the status of a drug. Despite the limited amount of studies done, we can see in those that
it has anti-viral effects against the hepatitis C and other viruses present in the environment.
CBD has putative anti-inflammatory characteristics, as noted by researchers such as Vuolo
et al. (2020) and Salles et al. (2020). It can also attenuate the cytokine storm levels by reducing
the number of cytokines that are present in the body. These include IL-6, TNF- α, interferon-γ, and
symptoms of respiratory distress in a mouse model that is observed with frequent clinical cycles
that are observed for patients suffering from a severe case of COVID-19. Along with this, CBD
reduces the brain levels of cytokines and acts as a catalyst to activate microglia and decrease the
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IL-5, IL-6, and IL-13 levels of proinflammatory cytokines within patients who have allergic
asthma or lung inflammation (Crippa et al., 2021). Unlike the previous section, the goal of this
section will be to identify its use when it comes to viruses that exist around the world. These
include the viruses that are parts of the coronavirus family, such as SARS and MERS, and the
influenza viruses.
Many authors have focused their researches towards identifying and assessing the
effectiveness of CBDs in the context of it being an adjuvant to SARS-COV-2 therapy despite
noting the harmful effects that it can have on the patient’s lungs. In the research that was done by
Khodadadi et al. (2020), it was noted that CBDs were able to reduce any form of pro-inflammatory
cytokine levels ameliorating symptoms that are associated with ARDS that is induced to a model
created by them. CBDs are also found to be able to down-regulate the expression of ACE2 and
TMPRSS2 which are two receptors that are used by SARS-COV-2 to enter and spread around the
body. Wang et al. (2020) notes that it can prove to be beneficial when it comes to reducing the
spread of the virus within patients due to how its anti-inflammatory properties can inhibit the virus
from reacting to those surfaces.
However, as Bifulco et al. (2021) notes that more studies are needed to be done when it
comes to examining the effects of CBD both on ACE2 and on the TMPRSS2. This is because at
present, the researches done are without using any clinical data that may allow one to be able to
correctly identify the effectiveness of CBDs against viruses. Most of the researches that are done,
as observed by Bifulco et al. (2021) comes from the few clinical studies that have been done as a
way to assess the efficacy of CBDs against patients that suffer from severe seizures or any
symptoms associated with it. The results that are formed from these studies highlights that
comparing the efficacy of CBDs from other drugs, which are used to cure seizure disorders; we
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can see that CBDs have a more safe profile compared to the others. According to Bifulco et al.
(2020), most of the CBDs that are noted with these had mild or moderate AEs associated with
CBDs. However, researchers such as Brown and Winterstein (2019), Dos Santos et al. (2020), and
Chesney et al. (2020) noted that along with these, there are also serious cases of AEs that were
noted for CBDs. Some of the patients that were noted with a serious case of AEs were said to act
as a caution for patients that are affected by SARS-COV-2. The research that was done by Brown
and Winterstein (2019) showed that the CBD-mediated impairment of the immune system’s
response to the virus can lead to a potential increase in the spread of pneumonia and other viral
infection in patients. As such, care will need to be taken that patients that are taking
immunosuppressive therapy are not exposed to large doses of it when taking care of the viral
infection inside term, as noted by Brown and Winterstein (2019). In addition to this, it can be seen
that the increase in the transaminases levels that are found in both the ALT and AST can lead to
an increased likelihood of causing hepatic injuries within the patients.
In the research that was done by the likes of Pitakbut et al. (2020), they were able to find
that CBD was able to act as a great candidate for acting as an inhibitor when testing against SARSCOV-2 and its associated family of viruses compared to the likes of THC and CBN. In the research,
it was seen that CBD acted as a potent viral main protease inhibitor when placed at an IC50 value
of about 1.86, and it only acted moderately against ACE2 when the value of the IC50 was increased
to about 14.65 µM. Meanwhile, the THC and the CNB compounds showcase that it acts very
moderately when passed through the ACE2 enzymes when the IC50 values are set at around 16.23
µM and 11.47 µM.
In a similar report made by Tahamtan et al. (2015), it was found that the CBDs had varying
success when dealing with viral infections such as SARS and MERS. They concluded that the
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inhibition rate ranged from great to moderate depending on the severity of the virus in the host
body and how much CBD was being given to them. While it was effective, caution needs to be
required due to the number of side effects it has when acting as an anti-viral medicine.
Katchan et al. (2016) note that CBDs have shown a significant amount of promise when
working in various body systems with differing levels of how strong the immune systems are
present. Based on their research, it can be seen that CBD does possess immunosuppressive
properties inside it. That is the case because it can inhibit many leukocytes in the body and induce
apoptosis of the T cells and macrophages while reducing the secretion of cytokines responsible for
inflammation of the lungs and the aortas (Katchan et al., 2016). In many of the in-vivo and in-vitro
studies that they did, Katchan et al (2016) were able to show case that the CBDs can show
immunosuppressive effects in mice and rats when these were injected with varying dose of CBD.
The immune cells expressed in CB1 and CB2 receptors and can be used to secrete, synthesize,
transport and eventually catabolize the cannabinoids. This was confirmed in various researches
that were conducted by the likes of Eisenstein et al. (2015).
In their research, Eisenstein et al. (2015) noted that CBDs that are binding with the CB2
receptors, which consist of CB2 selective agnostic receptors and also ∆9-THC are found to be
immunosuppressive inside the immune system. They provided objective evidence that showcases
how effective CBDs are on the immune systems when these are passed to people that are suffering
from influenza virus.
2.3.Conclusion
From this section, we are able to get a good idea and a clear picture on what SARS-COV2 is how it works, how it differs from previous iterations such as SARS and MERS when it comes
to how close they are in their structure and also how well do they work. Along with that, the
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research also highlighted various methods that have been used in the past to cure people either
from the virus itself or also from the side effects that the virus exhibits. These were done to give
an idea on what have been worked on in the past. The cures can includes the likes of going with
medicines such as hydroxychloroquine, ivermectin, remdesivir along with vaccines that, despite
being ineffective against the current Omicron variant, may be a great preventative measure against
it. This information helps paints a picture in broadly explaining the use of CBD and how it can
provide help in patients suffering from COVID-19 to get their respiration back on track or improve
it due to how it got severed by the virus itself. In the upcoming sections, the aim will be to provide
an idea on the methodology of this thesis so that we can give a detailed insight on how the research
will be carried out and also what methods will be used in order to not just process the data but also
examine and research it as well.
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3. Materials and Methods
3.1.Introduction
This section will be used to provide us with an insight into how the research process will
be conducted, along with the considerations that we will make as well. It will help give a clear
overview of the chosen approach, the philosophy considered before the research starts and will be
followed, and how we will collect the data for this. In addition to this, we will provide the method
with which the sampling process is done so that we can narrow down only a handful of data to
work with and the methods used to collect it. Ensuring that we are using the right tools for
collecting the data will help in the subsequent chapters when we have to analyze its results. Using
the right tool will also help ensure that we are collecting the correct data for this research.
Along with these, we will also provide the tools and the data analysis methods used to find the
required results from it. This is crucial as it will give us an insight into what results we will be
looking for and what methods are used to achieve that.
Lastly, to ensure that the integrity of the research remains intact and that there are no inherent
biases present from our side, there will also be an overview of the inclusion and exclusion criteria
set before conducting the research. These will include the self-imposed rules that consist of what
we will and will not include. It can consist of what we will do to collect the data and what we will
be looking out for so that we only collect the relevant data for our research. Doing this is critical
as it will guide us on how to conduct the study and define its scope.
3.2 Research Philosophy
To begin our research process, we will first need to provide and set a series of goals and
researches that we will use to conduct our research. This set of beliefs will act as guidance and
plans towards how we will gather the data, use it, and analyze it to help with the research.
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According to Žukauskas et at. (2018), research philosophy is considered to be a system of
researcher’s thoughts that can be used to get the right and reliable knowledge. It acts as the basis
of the research which will help in determining the strategy that we will use, how we will understand
and evaluate the problem, and then proceed to collect and analyze the data (Žukauskas, Vveinhardt,
and Andriukaitienė, 2018). The types of research philosophies that we can use consist of ontology,
epistemology methodology, and methods related to it (Žukauskas, Vveinhardt, and Andriukaitienė,
2018).
According to Cecez-Kecmanovic (2011), the two major philosophies that we can use
consist of the positivist approach and interpretivist approach. Under the positivist approach, the
aim of the research philosophy usually consists of examining the world in an objective way
possible. In this way, the researcher acts as an objective analyst and they aim to disassociate
themselves with their own personal values and bias and work without the need to include these.
Positivists believe that the reality itself is pretty stable and that it can be observed through
an objective point of view. They usually contend that the phenomena that are to be observed should
be isolated from any biases and be viewed under that scope. It can oftentimes lead to theories and
research that are based more on applying inductive logic to it rather than deducing it, which can
be the case in interpretivism.
Meanwhile, interpretivism or utilising an interpretivist approach consists of the researcher
viewing their surroundings and the data based on a subjective view (Žukauskas, Vveinhardt, and
Andriukaitienė, 2018). The attention here is mostly given to getting a sense of understanding of
how the people experience inside that viewpoint. It can result in the formation of research
principles, which are based on how the researcher acts in a specific role while observing the data
around them. According to this research philosophy, the research is based and depends on what
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the researcher’s interests are. It is mostly concerned with getting a clear understanding of the world
based on the viewpoint of the individual conducting the research. The goal to obtain or conduct
the research is to use methods that provide us with facts and meanings, as compared to other
methods that are used in the positivist method that only consists of the data and numbers (Amelia
Dean, 2018).
For this, methods such as interviewing the participants or observing them help in getting
an understanding of various viewpoints from different cases as well. Each of these tools allows
one to develop a subjective relationship between the researcher and the thing that is the subject of
their findings (Amelia Dean, 2018). These do not definite any kind of dependent or independent
variables in them but these are able to provide a sense of complexity in it as the situation expands
or develops based on the data that is received or gathered (Amelia Dean, 2018).
Based on these and what we aim to determine, going with an interpretivism approach will
be pretty crucial when it comes to collecting and analyzing the results we get from it. The reason
is that as we will try to examine how CBD affects the SARS-COV-2 virus, we will need to have a
subjective point of view for it. Since we will be doing this by examining the existing work that is
present, we will need to have a clear idea and opinion on how CBD helps with blocking SARSCOV-2 so that we can use this viewpoint to analyze the data that we will collect ourselves. In
addition, using an interpretivist approach will also help in understanding the data better with the
context and relation of how it can help the patients of COVID-19 as the strain of the virus gets
stronger and more variants starts to emerge, especially after the more recent Omicron variant
spreading around the world as of January 3rd, 2022.
Our primary goal will be to lean more towards an epistemological approach when
conducting the research. We will consider that because this approach will allow us to be able to
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identify the facts from the fiction and be able to accept how the knowledge was made and what is
found from it as well (Pallas, 2001). We can use this to understand each aspect of it and how this
shapes the knowledge we have. Pallas (2001) has stated that all aspects of any research process
are usually informed by the researcher’s epistemology, which can consist of the theories, research
questions, and ways the study designs were made. This will allow us to be able to influence how
the research will be conducted and understood by others within the community (Pallas, 2001). As
we will need to address why CBD is useful compared to other medicines that have been
recommended, having a clear understanding of each aspect of medicinal research is vital.
Since we will be examining the effect of CBD on the SARS-COV-2, careful consideration
should be made towards looking at how they perform and discussing the aspects that surround it
on the whole. This will consist of examining the effects of the medicine, how it works, and whether
it can tackle different variants of COVID as it mutates and matures. It will help paint a clear picture
of how the medication will help and act as a medicine for the disease, giving us a way to examine
how these will relate to one another (Wang et al., 2012). Since an epistemological mindset allows
us to understand better how they perform (Pallas, 2001), it can help us in the upcoming sections
on how we can examine the overall structure of the medicine.
3.3 Research Approaches
Once we have built the hypotheses and set up the research questions, the next step will be
to find the right tools or methods to conduct the research process. Finding the right kind of tool or
approach is vital when collecting the data that will help answer the questions that we aim to solve.
For this, some of the methods that we can use consist of either going with quantitative or qualitative
research methods. In many cases, a qualitative approach is the type of approach in which the
methods are usually more explorative, where the goal is to get the data that is more descriptive in
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nature. The research approach usually consists of the researcher observing the world around them
and then collecting the data based on that. In this way, they are able to get a good understanding
of how the world works around them (Basias and Pollalis, 2018). The main goal of conducting
qualitative research is to get an in-depth insight on the topic that the researcher is working on so
that they can get a clear idea of the underlying concepts that will help facilitate the research as well
(Basias and Pollalis, 2018). Based on what we have to examine and what we are aiming to find
along with the type of philosophy that is being chosen, this research will utilize qualitative research
in order to conduct our research and be able to understand the effects that CBD has on SARSCOV-2.
Qualitative research is usually able to provide a wider area for conducting the research but
it is also able to help answer questions that are related to “what”, “how”, “why” and “when”. It is
often made up of interpretive methods and techniques that are able to describe the phenomenon
and help make sense of it rather than deal with data and statistics which may not provide us with
a clear overview of the surroundings (Basias and Pollalis, 2018). Along with that, one of the
benefits that qualitative research can provide us as compared to quantitative research is the fact
that is will be able to provide more insight on the findings. While quantitative research is able to
give us a good measure of the findings or provide us with patterns that are associated with the data
or what the possible explanatory factors will be, these will be for those that are of relevance to the
data. In order to see the reasons for why these are formed, especially when the ones found are
unique or different, qualitative research will help to provide the answers that will help define the
answers to it. Qualitative research only deals with data that is in the form of words and texts rather
than dealing with any numeric data, unlike quantitative research.
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Meanwhile, as noted by Tate and Happ (2018), qualitative secondary analysis is the use of
qualitative data that is collected through other’s work. They are able to provide us with more data
utility and be able to give us a good insight on the type of work that we are dealing with.
Based on what we have to look for, i.e. the effectiveness of CBD on SARS-COV-2, getting
data on how CBD may not be an effective measure to determine how it can work and also
conducting the questionnaires with the researchers may not become a possibility as COVID
restrictions may become a problem. As such, conducting qualitative research will be necessary
when it comes to examining how CBD helps and also any other facets that can deter against the
use of CBD. along with that, while using numeric data will give us a picture when it comes to how
it will work, one of the things that qualitative analysis will be able to provide is to delve into
various viewpoints, each of which will help in not just understanding how it works but also with
how it will react to different COVID variants as well.
3.3.1 Research methods to be considered
Since our goal will be to use secondary qualitative research to conduct the research, it will
be necessary that proper research methods are defined to ensure that the research that we do can
provide us with various insights on the effectiveness and potential of using CBDs as a viable cure
for SARS-COV-2 or to examine the overall effects of it as well. The methods that we choose will
provide us with data that will fit the research's theme and the matter that we will find. For this, we
can consider and go with research questionnaires and surveys, case study research, interviews, and
observations. Each of the described methods will be able to give us a good overview of what we
can get from it and understand as well when it comes to how effective CBD is.
The first method is the most commonly used interview. In interviews, the goal is to take
participants, usually related to the topic of discussion, and ask them a few systematic and curated
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questions that are made using the objectives that we had set out to finish beforehand. These provide
a researcher or a group of researchers with firsthand experience of what the participants have to
go through with the research topic. Along with that, if there's a case where we need to learn about
a given topic or how it happens, we will be able to do it by having the participants discuss these
in-depth.
In general, three types of research can be conducted. These are structured, semi-structured
and unstructured interviews. While each type of interview shares the same fundamental concept,
the difference comes with how the question is made and what is expected from the interviewee.
Structured interviews are the type of interviews that are considered verbally administered
questionnaires (Gill, Stewart, Treasure and Chadwick, 2008). In these, the interviewer asks a list
of predetermined questions with no scope to follow up with more questions or wait for more insight
to be provided to responses that warrant further elaboration.
These are considered to have no variations, making the interview process more linear in
inflow and structure (Gill, Stewart, Treasure and Chadwick, 2008). One of the key benefits of
going with a structured interview is that they are relatively quick and easy to administer, mainly
due to how rigid the structure is when it comes to interviewing the participants and are best used
in cases when clarification of specific questions are required, either from the responses of
questionnaires and surveys or when gaining insight on the research topic, or when there can be a
chance that responses we will get from questionnaires will have any literacy or numeracy problems
with the respondents. However, due to how these interviews are made and work, they only allow
for limited participant responses and will not be of use if in-depth research is needed (Gill, Stewart,
Treasure and Chadwick, 2008). For the context of this, structured interviews will not be viable as
they can lead to us not getting a good insight into how effective CBDs will be in treating the effects
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of SARS-COV-2. Just like questionnaires and surveys, these can be viable, but the resulting data
may provide us with a narrow depth on the topic.
Conversely, unstructured interviews may prove a more viable alternative to structured
interviews. Unstructured interviews do not reflect any preconceived theories or ideas when making
a question or questions with a proper structure with little to no flexibility in it. Instead, these are
performed with little or no organization regarding how the question is made (Mueller and Segal,
2015). Such an interview may start with an opening question, such as discussing their experiences
or what kind of experience the participant has. The chain of questions formed will centre around
the initial response. These will then act as a basis for how a set of questions will consist (Mueller
and Segal, 2015). Unstructured interviews are usually very time-consuming, with some that can
last even hours depending on how many questions are being asked by the interviewer. It can lead
to time wastage for the interviewer, who may not be well equipped to handle a more open-ended
interview. For the interviewee, it will be time-consuming because they get distracted either by
constant phone calls from work or how the interview goes (Mueller and Segal, 2015). How
inexperienced the interviewer can be and how open-ended it is can lead to questions that can be
off-topic.
Along with that, these interviews can be challenging to manage and participate in
(Jamshed, 2014). Because there is no structure in these interviews, there are no guidelines on how
the interview should be conducted and what the interviewer can talk about. Little guidance on what
to talk about or what the questions should be can lead to many participants finding it confusing
and unhelpful to both the interviewers and interviewees (Mueller and Segal, 2015). It is generally
only considered when a significant amount of knowledge is needed or when virtually nothing is
known about the subject area. These can generally be used when a different perspective of a known
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subject area is required. For our context, we will not need to use unstructured interviews with
participants themselves mainly because these interviews may not be a viable option for us to assess
the effectiveness of CBDs. Also, conducting a lengthy interview during the pandemic will not be
viable as it can lead to increased exposure to viruses (Jamshed, 2014).
Meanwhile, semi-structured interviews are found to consist of many questions that not only
help in understanding the topic that is being researched but it will allow the interviewer to ask
more follow up questions to get a good idea on the topic and gives room to the interviewee to
discuss the research in more detail (Mueller and Segal, 2015). This interview format is most
frequently used in healthcare mainly because it provides the participants with some guidance or
ideas on what they can talk about with the participants when it comes to the question itself. It may
be potentially helpful for the interviewers as it strikes an outstanding balance between structured
and unstructured interviews. The flexibility of this approach compared to how rigidly structured
interviews are can also allow the interviewer to discover detailed information on any given topic
that may be important to the participants but may not have previously been thought of as pertinent
by the research team. However, the drawback to using it is that, as an unstructured interview, it
can be more time-consuming if the discussion veers off to topics that are not appropriate for this
research. In general, any type of interview will not be viable because it can lead to us not getting
an exact picture of how effective CBD will be towards SARS-COV-2. These will not be viable
due to the restrictions by COVID can lead to us not being able to conduct interviews face-to-face
or having us be limited with what we can utilize. While online interviews through video calls may
be an option, these are opted out due to how tight the schedule of the participants will be as the
increasing cases means that they will be focused to deal with their patients rather than take the
time to be a part of this. In addition, due to the restrictions of the virus, we may not be able to get
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enough participants or the right kind of as well, which can lead to us taking more time to conduct
this research.
Another option that we can take is to use written questionnaires and surveys to collect the
necessary data for this research. Unlike a traditional questionnaire, the written questionnaire has
the individual discussing the question being asked in written form, eliminating the need to
interview as the researcher can then assess their answers and draw a conclusion (Finegan and
Allen, 1994). This has seen its uses in conjunction with computer-aided ones, though the latter has
seen its fair share of increased usage due to the pandemic and government restrictions locking
everyone at their homes. Surveys are like questionnaires, but the main difference lies in the fact
that surveys are a mix of both the set of questions and the process of collecting, aggregating and
analyzing the responses from those questions. Through this, the researcher can get a clear overview
of the topic they are researching and what they can find from it (Young, 2015).
Questionnaires are defined as any text-based instrument that allows participants to answer
a series of questions or statements to respond, either by marking a page, writing a number checking
a box on paper or stating how much they agree with it. It is possible to conduct a survey using
structured interviews (Young, 2015). However, it is very time-consuming and probably expensive
since we will have to set up everything by ourselves, including the questionnaires. However,
questionnaires remain the most common method of conducting surveys and, by in large, one of
the most commonly-used research tools in any field or research where these are used. These seem
to be appealing to less experienced researchers, such as students doing dissertation projects
(Young, 2015). It may be due to various factors such as questionnaires being easier to construct
and the researcher having many existing questionnaires to use that they can use by themselves or
adapt to fit their needs which are often freely available to researchers. With that, questionnaires
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can be made available either online or using paper, showing how diverse these are when it comes
to accessibility.
Questionnaires can allow one to gather large enough datasets with ease, which they can
use to conduct various data analyses using tools such as SPSS, Minitab or PLS-SEM. These can
be done either through direct contact through email or online via Google Form or SurveyMonkey.
Once the data is gathered, it can then be processed and analyzed with ease compared to spoken
data found in interviews that have to be recorded and transcribed before being analyzed (Young,
2015).
Questionnaires are very frequently used for determining aspects of the research, such as
reporting the participants' background and demographic information such as their age, sex,
location or income or to have them report any behaviour that they found in their surroundings,
such as what people did in response to an event occurring as an example. Along with that, they
can use it to express their attitudes towards a cultural group other than their own, for example
(Young, 2015). In our context, we can maybe even form a questionnaire where we can use it to
report the opinions of experts when it comes to what they think about the effectiveness of CBD to
deal with the pathogenesis of SARS-COV-2 and any of its new variants as well. It may help
determine their factual knowledge or the effect of using CBD and to what extent we can use it not
to cause any side effects on the patients.
However, Questionnaires have their fair share of criticisms when it comes to their
effectiveness and the kind of data that we can get from it as well. It has been critiqued for several
reasons. One of the main critiques towards questionnaires has been that these provide a thin
description of target phenomena (Young, 2015). This can cause issues with how the data is
collected as a thin description of participants may lead to fewer participants taking part in it. The
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fewer participants, the more likely there will be a form of biasness present in the data that will not
give us a good overview of the topic on the whole.
There is a significant cause of concern when it comes to the validity of the answers in the
questionnaires and the inherent bias that the participant has towards the question or the research
topic. While most people will try to remain neutral when answering the question, we may fall
under the risk of people who may answer the questions under pretences. It may lead to the answer
that we get skewed towards a different perspective that we may not have desired. In such cases, a
particular response bias might be expected (Fife-Schaw, 2006). Some researchers have identified
phenomena related to acquisition bias, where a perceived tendency for some people, and groups
of people, to place more excellent value on moderate or affirmative responses (Young, 2015). Like
with interviews, questionnaires or surveys of participants that are familiar with the effects of CBD
will not be a viable method to conduct this research due to the restrictions by COVID can lead to
us not being able to do any questionnaire with the participants or be able to discuss with them in
person. As previously noted, due to how tight the schedule will be as the increasing cases of
Omicron appear, we may not be able to get enough participants for the research, which can
potentially harm the results that we will find and the research on the whole. Lastly, while most of
the questions that we make can be in the form of the participants' responses, surveys and
questionnaires work best when they are used in quantitative research rather than in qualitative
research as the numeric data that we can get from it is more viable to provide patterns or reason
for why a particular pattern works the way it does.
However, based on the kind of research methodology that we are using and what we aim
to find, the method that we can use is conducting a systematic review of the data that we can find
from various research papers that have been done to assess the effectiveness of CBD against
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SARS-COV-2. A case study allows a researcher to answer questions that are not just related to the
what and how, but these can provide them with a more broad sense of perspective when it comes
to what the phenomenon is supposed to be and where do we stand with this. These are usually used
when the researcher has no control over the surroundings. These will help them understand it
through various accounts of the events or the various factors that they are looking for. It will help
get a more precise or holistic view on the topic and help get meaningful characteristics of the
research subject. In these cases, the case study research will be more exploratory as the researcher
will be exploring or investigating the cause of the event rather than conducting research directly,
which can cost us a lot more if we conduct a systematic review of the existing research present. It
will make it ideal for our use case since examining research papers that discuss and elaborate the
effectiveness of CBDs against SARS-COV-2 will give us a holistic view on whether the general
population should consider using CBDs as a way to cure themselves of the virus.
3.3.2 The approaches that are viable for this research
To help us with our work when it comes to examining the effect of CBD on the SARSCOV-2, we will utilize the qualitative method. The reason is that since the scope of our research
is to examine how medicine works, collecting data by using methods such as questionnaires and
surveys may not be feasible due to how it can expand the time period of the research as well as
how it can lead to more time being spent researching and examining the merits and demerits of
any cause on the whole. Hence why we went with a secondary qualitative research where the goal
will be to collect and research the associated papers that are found on the thing that we are
researching on and also determine the extent with which CBDs can help us out with SARS-COV2.
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Once we have understood the approach we can take when it comes to collecting the data,
the next step will be to understand what kind of data we will get from it as well. When collecting
the data, it becomes a necessity that we are able to identify and determine the type of data sources
that we will use to collect and what we are expecting to gather from it as well. It will act as a way
for us to be able to examine the approach that we will use and also how we can utilize that data as
well. In this way, we can also determine the right kind of method that we can use so that we only
get that type of data as well. The types of data sources that the researcher may have to work with
consist of primary, secondary, and tertiary data.
Since our main goal is to determine the effectiveness of CBD in the current landscape and
that our methodology is qualitative in nature, using secondary data sources such as case studies or
existing research on the topic itself will be our main priority. This is because taking care of the
research with case studies will allow us to get a clearer picture of how CBD is able to affect SARSCOV-2 and whether it is able to provide any help in breathing as the alveoli of the patients would
be damaged by that point of time. These will provide a clear overview of what the researchers
found, what type of CBD will be useful if the researcher is using different CBDs in there and also
how they react to different variants. As previously mentioned before, each variant is different when
it comes to its RNA structure, the severity that it has and the composition of it may also change
how it reacts to CBD, so analyzing different case studies will allow us to better identify both the
long term and short term benefits and drawbacks of CBDs will be prevalent there as well.
3.4 Data collection methods
Once the research methodology is set, the next step will be to define the research method that
will allow us to collect and gather the data that is right for this research and that is according to
how we aim to conduct this research as well. The methods that we choose should not only be able
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to provide us with the data but should also be able to give us a way to assess the data that we are
getting from it as well. As such, we will need to choose the right methods that will result in us
getting the right kind of data.
Based on the previous section, the methods that will be used to collect the data for this research
will consist of examining case studies and existing research in order to draw our own conclusions
based on the findings that we collect from these. These will be part of the secondary qualitative
research methodology where the data that we collect is from secondary sources such as research
papers or accounts of other people in order to get a broad overview on the efficacy of CBDs. For
these, we will collect about 20 research papers that are written to determine or assess how CBD
affects the SARS-COV-2 virus in patients that have the virus in them or post quarantining when
the virus has already damaged their alveolar ducts. The findings we assess from it will allow us to
get a better idea of the effectiveness of CBD in affecting the pathogenesis of the virus and also
how it provides a benefit for the user as well in alleviating their breathing problem. Care will be
taken that the inclusion and exclusion criteria are set prior to conducting the secondary qualitative
research. This is because it will help in making sure that the research that we do has its scope
properly defined and that we only consider those research papers that are ideal for this research
and that it matches the aims and objectives that we had set beforehand.
3.5 Inclusion and Exclusion Criteria
A qualitative systematic review was carried out. The inclusion criteria were descriptive and
experimental studies, in vivo and ex vivo, in humans.
To ensure that the research done is according to the aims and objectives of this research,
including inclusion and Exclusion criteria is vital. This is because it can lead to us collecting only
that data which will be relevant to the research and what is being searched in this is useful in
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determining the many facets of CBDs used in treating SARS-COV-2. Along with that, it is a
standard practice that ensures that the research is conducted under fairly strict protocols and
standards, which can improve the integrity of the research. According to the definition that is given
by Patino et al. (2018), inclusion criteria is defined to be the set of characteristics and rules that
are set prior to conduct the research that the researcher will use to answer what they are aiming to
find. These can include the likes of demographic, geographical characteristics, or in the case of
qualitative research, the relevant aspects of the data or by the topics that are relevant to the
research. Meanwhile, an exclusion criterion is defined to be the rules or factors that will be used
to omit the practices or to not look for something that will negatively impact the findings of the
research (Patino et al., 2018). As such, it needs to be made sure that a set of omissions are also set
in order to ensure that the researcher does not look for anything that can impact how the data
collection is done.
The inclusion criteria will mainly consist of dealing with research papers and findings to
determine how CBD affects the patients that are sufferings from SARS-COV-2 and whether it can
act as a viable treatment option. These will consist of articles that are solely written to assess how
CBDs affect SARS-COV-2. Articles that deal with identifying the side effects of CBDs on
patients, any positive effects it has in the treatment of patients post-COVID, or how it affects the
pathogenesis of SARS-COV-2 will be some of the topics that will be considered. Since a secondary
qualitative analysis will be carried out, the inclusion criteria will also consist of descriptive and
experimental studies, in vivo and ex vivo, which are done in humans. While experimentations done
on mice, rats, and hamsters will give us a good indication of its effectiveness, human trials will
help paint a better picture on the whole. It will be able to give a good idea on how exactly it will
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affect humans and also the extent with which it can improve the respiratory problems within the
people.
The exclusion criteria set for this will consist of omitting research papers that deal with
influenza viruses or one of many viruses in the coronavirus families such as SARS and MERS.
The reason why these are opted out despite being able to give us a good enough indication of its
effectiveness on SARS-COV-2 is that as it currently stands, SARS-COV-2 is nothing like SARS
and MERS when they were spread around the world. As such, it may cause the findings to be more
skewed towards one side rather than the data being a fair representation of how much CBD affects
the virus and also its variants. As previously mentioned, we will exclude any researches that were
done on animals and it will solely focus on human trials. Along with that, only those research
papers and case studies will be included in this that were published from March of 2020, when the
global spread of SARS-COV happened to December of 2021. Anything before this date will not
be opted as it may not be a viable paper for us to study.
Exclusion criteria were non-COVID-19, animal and gray literature studies. A search was
conducted on COVID-19, public health and dentistry, in the Medline and ClinicalKey databases.
Updated epidemiological data were obtained from the web pages of the WHO and the Center for
Evidence-Based Medicine (CEBM, 2020). Keywords COVID-19, SARS-CoV-2, Coronavirus,
Dentistry, Public Health were used. Care will also be taken of any papers that are not peer-reviewed
or are not on any open access journals. The reason why this is important is that open access journals
will allow us to access the content of the papers without needing to pay a hefty subscription fee to
read it only to find out that the findings are not appropriate for this research. Meanwhile, papers
from a peer-reviewed journal will ensure that the data that we get is thoroughly reviewed by
researchers that are well-versed in their field of research (Koshy, Fowler, Gundogan and Agha,
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2018). It will ultimately establish the validity of the paper that we read to be an accurate
representation of the effects CBD has on the pathogenesis of the virus and on the virus itself.
Lastly, the exclusion criteria will exclude any papers that are not experiments but are systematic
reviews. This is because while it will help provide the researchers with the same insight that would
have gotten from any other papers; we will not get a detailed overview of the effectiveness of
CBD. Along with that, the paper itself will be a review of an existing paper which will not give us
valuable insight on how it will work. However, what we can do is consider the sources that they
used to make the research rather than look at the review itself. In this way, we will be able to work
with more rather than be able to deal with papers that provide us with a summarized overview on
the subject that we are researching.
3.6 Conclusion
This chapter is able to provide us with an insight on the research philosophy and mindset that
the researcher will use in order to conduct the research along with how they will conduct it as well.
This will consist of the tools that will be used to gather the data, the method that will be used to
sample and sort the relevant data out of the ones that we have collected and also the methods that
will be used in order to determine the patterns from it as well. As the goal of this research is to
identify and assess how CBD affects SARS-COV-2 and the extent of it as well, having a good
research methodology is a necessity. In the next section, we will utilize these methods and collect
the necessary case studies and research papers in order to assess the feasibility of using CBD as
different variants of COVID emerge in the present or in the future when a different and stronger
strain of virus than Omicron shows up.
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4

Case Study

4.1 Introduction
The COVID-19 pandemic poses a major threat to global public health. This article
systematically expounds and discusses the genome structure and life cycle of SARS-CoV-2 and
the epidemiology, pathogenesis, diagnosis, treatment, and prevention of COVID-19 caused by this
virus, aiming to provide a better understanding of SARS-CoV-2. Follow-up studies on CoV-2 and
COVID-19 provide clues.
SARS (severe acute respiratory syndrome) the coronavirus 2 (SARS-CoV-2) is to blame for
the coronavirus illness 2019 (COVID-19), a pandemic that has swept the world in the last year.
SARS-CoV-2, a coronavirus related to severe acute respiratory syndrome-associated coronavirus
(SARS-CoV), is the seventh coronavirus species identified to infect humans. SARS-CoV, 229E,
NL63, OC43, HKU1, and MERS-CoV are among the coronaviruses that produce symptoms
ranging from the common cold to more serious diseases.Despite recent vaccine availability,
SARS-CoV-2 continues to spread fast , emphasizing the need for alternate therapies, particularly
for people with limited access to vaccinations.
To present, only a few medications that inhibit SARS-CoV-2 replication and viral generation
have been found. SARS-CoV-2 is an enveloped virus with a positive-sense single-stranded RNA
(+ssRNA) envelope and four structural proteins that promote viral particle production. The virus
membrane proteins spike (S), membrane (M), and envelope (E) help to induce virion budding
while also attracting the nucleocapsid (N) protein and viral genomic RNA into nascent virions.
SARS-CoV-2, like SARS-CoV, enters human cells primarily through the absorption of the viral S
protein to the angiotensin transforming enzyme 2 (ACE2) receptor, whereupon the S protein is
proteolyzed into two non-covalently bound peptides (S1, S2) that facilitate viral entry into the host
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cell by transmembrane protease, serine 2 (TMPRSS2) or other proteases.(3,4,5) Following
proteolytic cleavage by TMRSS2 or other proteases, the N-terminal S1 binds the ACE2 receptor,
while the C-terminal S2 causes viral-cell membrane fusion. Depending on the cell type, viral entry
can occur without the necessity for proteolytic cleavage following ACE2 binding. Following cell
entry, the SARS-CoV-2 genome is translated into two large polypeptides, which are cleaved by
two viral proteases, MPro and PLPro, to produce 15 proteins, as well as subgenomic RNAs that
encode 10 auxiliary proteins in addition to the four structural proteins. These proteins are required
for viral replication, assembly, and budding. We examined the antiviral potential of a variety of
small compounds that target host stress response pathways in an effort to inhibit infection by the
SARS-CoV-2 beta-coronavirus and other emerging deadly viruses.
Cannabidiol (CBD), a member of the cannabinoid class of natural compounds, is one possible
regulator of host stress and antiviral inflammatory responses. Cannabis sativa (Cannabaceae;
marijuana/hemp) produces CBD. Hemp refers to cannabis plants or products produced from them
that contain 0.3 percent or less of the psychoactive tetrahydrocannabinol (THC) and often have a
high CBD level. Marijuana, on the other hand, refers to C. sativa materials containing greater than
0.3 percent THC by dry weight. THC works by attaching to the cannabinoid receptor, while CBD
enhances this interaction. Despite countless research and many frequently unjustified claims about
CBD-containing products, the biology of CBD remains unknown, and precise targets are generally
unknown. An oral CBD solution, on the other hand, is an FDA-approved medicine, primarily for
the treatment of epilepsy. As a result, CBD has drug status, is therapeutically viable, and cannot
be promoted as a dietary supplement in the United States. Although research is limited, several
studies have found that cannabis have antiviral effects against the hepatitis C virus (HCV) and
other viruses.
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Coronaviruses belong to the genus coronavirus in the family coronaviridae of the order
nidovirales in the systematic taxonomy (Wu et al., 2020). Different types of coronaviruses differ
markedly in the severity and spread of the disease they cause. Seven coronaviruses have been
found to infect humans, among which HCoV-229E, HCoV-OC43, HCoV-NL63, and HCoVHKU1 are the most common, which can cause common cold symptoms in hosts with normal
immune function (Chan et al., 2020). Three, including SARS-CoV (Walls et al., 2020), MERSCoV (Shereen et al., 2020), and the emerging SARS-CoV-2 in 2019, can cause fatal respiratory
diseases (Hoffman et al., 2020). SARS-CoV-2 is a beta coronavirus with an envelope, round or
oval particles, often pleomorphic, 60-140 nm in diameter, and its genome is a single-stranded
positive-stranded RNA that is not segmented, namely ss(+ ) RNA(Machitani et al., 2020). COVID19 is a highly contagious acute respiratory disease that spreads rapidly around the world and poses
a huge threat to global public health security (Kim et al., 2020).
This case study aims to analyze the genome structure and life cycle of SARS-CoV-2 and the
epidemiology, pathogenesis, diagnosis, treatment, and prevention of COVID-19 caused by it.
4.2 Overview of the data

4.2.1 Genome structure
Lu et al., (2020) obtained the SARS-CoV-2 genome sequence by next-generation
sequencing of bronchoalveolar lavage fluid from patients with COVID-19 (negative for common
respiratory pathogens) and found that the SARS-CoV-2 genome was the same as that collected in
Zhoushan, China, in 2018 (Wu et al., 2020). The genome homology of two bat SARS-like
coronaviruses (bat-SL-CoVZC45 and bat-SL-CoVZXC21) is as high as 88%, and the homology
with SARS-CoV and MERS-CoV genomes is 79% and 50%, respectively (Davidson et al., 2020).
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As a new type of beta coronavirus, SARS-CoV-2 is consistent with other betacoronavirus
genomes, with a genome of about 30 kb in length, including 5' and 3' untranslated regions (UTRs),
six functional open reading frames (ORFs), and eight non-structural ORFs scattered among
structural genes (Fig. 1). The functions of each gene are shown in Table 1 (Khedkar et al., 2020).
The six functional open reading frame gene sequences are (5'→3') replicate (ORF1a/ORF1b),
spike protein (spike, S), envelope glycoprotein (envelope, E), membrane glycoprotein (membrane,
M), nucleocapsid (N). The amino acid homology of SARS-CoV-2 and SARS-CoV structural
proteins E, M, and N is as high as more than 90%, while the homology of S protein is lower. In
addition, most of the non-structural proteins of SARS-CoV-2 share more than 85% amino acid
homology with SARS-CoV (Qian et al., 2013).

4.2.2 Lifecycle
The life cycle of SARS-CoV-2 begins with the binding of the S protein to the viral receptor
ACE2, followed by a conformational change of the S protein, which promotes the fusion of the
viral envelope protein with the cell membrane and enters the cell through the endocytic pathway
(Pons et al., 2020). After entering the cell, the virus unpacks and releases the genomic ss (+) RNA
into the cytoplasm of the host cell, and the ss(+)RNA can be directly used as messenger RNA
(mRNA) to be translated by the ribosome of the host cell to produce the viral replicase polyprotein
(Song et al., 2020), including the proteases 3CLpro and PLpro and RNA-dependent RNA
polymerase (RdRp) (Guihot et al., 2020). Among them, RdRp is responsible for synthesizing fulllength single-negative stranded RNA, namely ss(-)RNA, and using this as a template to synthesize
more ss(+)RNA as the genetic material of the newly synthesized virus (Mangalmurti & Hunter,
2020).
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At the same time, RdRp produces a series of sub-genomic (sg) mRNAs through a
discontinuous transcription mechanism, which is translated into a series of viral proteins (Mehta
et al., 2020). Viral proteins and ss(+) RNAs are then assembled through the endoplasmic
reticulum-Golgi intermediate (ERGIC) compartment to generate new coronavirus particles and
secreted to the outside of the cell (Chakraborty et al., 2020), and finally complete their life cycle (
figure 2).

4.2.3 Pathogenesis
After SARS-CoV-2 enters the body, it binds to the ACE2 receptor of respiratory epithelial
cells through the S protein. It begins to replicate in large quantities and migrates to the lower
respiratory tract to enter alveolar cells. The rapid and sustained replication of SARS-CoV-2
leading to alveolar cell death can elicit a strong immune response (Coomes & Haghbayan, 2020).
When type II alveolar cells die, they release specific inflammatory mediators, stimulate immune
cell activation. Immune cells secrete a large amount of interleukin 1 (IL-1), interleukin 6 (IL-6)
and tumor necrosis factor (TNF-α), and other pro-inflammatory factors (Didangelos, 2020),
leading to cytokine storm or cytokine release syndrome (Stilhano et a., 2020), cytokines interact
with complement and coagulation system, induce disseminated intravascular coagulation (DIC),
acute respiratory distress syndrome Acute respiratory distress syndrome (ARDS) or multiple organ
failure (MOF) are the main causes of death in COVID-19 patients (Conti et al., 2004).
In order to alleviate cytokine storms, some studies proposed to use IL-6 receptor
antagonists to treat patients [28]. Still, the latest study found that the concentration of IL-6 in
peripheral blood of patients with COVID-19 was significantly lower than that of CAR-T cytokine
storm syndrome and ARDS. The concentration of IL-6 in patients, the study questioned the
pathophysiological response and organ damage caused by the increase of IL-6 caused by SARS115

CoV-2 infection (Yang et al., 2020), challenging to a certain extent that anti-IL-6 therapy can
reverse the progression of COVID-19 disease the opinion of. In addition, cytokines can also
chemotactic neutrophils enter the virus infection site, and neutrophils kill the virus by secreting
reactive oxygen species and proteases. These two substances also destroy alveolar cells responsible
for gas exchange and cause lung consolidation. , further aggravating lung injury (Kim et al., 2020).
At the central nervous system level, cytokines such as IL-1, IL-6, and TNF-α reach the
hypothalamus to raise body temperature and cause febrile symptoms (Khedkar et al., 2020). Severe
systemic inflammatory response syndrome (SIRS) can lead to septic shock (Pons et al., 2020).
The clinical features that contribute to the pathogenesis of SARS-CoV-2 in humans include
inflammation and thrombosis, but the specific mechanisms behind these processes are unclear. In
order to find the key molecular pathways of SARS-CoV-2 pathogenesis, Aid et al. infected rhesus
monkey animal models with SARS-CoV-2 and performed transcriptomic analysis of
bronchoalveolar lavage fluid and peripheral blood and proteomic analysis of serum. After SARSCoV-2 infection, pulmonary macrophage infiltration, extensive activation of complement and
platelets, up-regulation of inflammation-related cytokines and interferon gene ISG, as well as
vascular endothelial damage and thrombosis were found after SARS-CoV-2 infection. IFN-α, as a
pro-inflammatory cytokine, plays a key role in the activation of macrophages and complement
activation in triggering endothelial injury and thrombosis, and the interaction of inflammatory and
thrombosis pathways can exacerbate vascular disease caused by SARS-CoV-2 damage (Aid et al.,
2020). Zhang et al. performed whole-genome sequencing or whole-exome sequencing in blood
samples from 659 severe and 534 mild or asymptomatic COVID-19 patients to detect deletions in
TLR3 and IRF7-related genes that control type I interferon signaling. It was found that 3.5% of
severe COVID-19 patients have innate immune problems, and congenital type I interferon-related
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gene defects may cause SARS-CoV-2 infection to develop into severe COVID-19 patients (Zhang
et al., 2020).
The team also found that about 10% of severe COVID-19 patients had self-neutralizing
antibodies against type I IFNs, emphasizing the key role of type I IFNs in protective immunity
against SARS-CoV-2 (Bastard et al., 2020). In addition, Banerjee et al. found that NSP16 of
SARS-CoV-2 binds to the U1 and U2 snRNA recognition domains of host cell mRNA to inhibit
mRNA splicing; NSP1 binds to the 18S subunit of ribosomal RNA to block host mRNA from
entering the ribosome Carry out protein translation; NSP8 and NSP9 can bind to host 7SL RNA
signal recognition particles, thereby interfering with host protein transport to the cell membrane.
The interference of these viral proteins on host cells prevents the host from synthesizing interferon
and blocks the inhibitory effect of host cells on the virus (Banerjee et al., 2020). Therefore,
studying the key molecular pathways of SARS-CoV-2 pathogenesis and its mechanism of
antagonizing host immune defense can provide targets for the treatment of SARS-CoV-2 infection.
The transmission routes of SARS-CoV-2 mainly include droplet transmission, contact
transmission, and aerosol transmission (Banerjee et al., 2020), and fecal-oral transmission remains
to be further clarified (Meselson, 2020). Different from the previous belief that droplet
transmission is the main mode, Prather et al. pointed out that aerosol transmission may be the main
mode of transmission of SARS-CoV-2 (Wu et al., 2020). Therefore, in addition to social
distancing, prevention strategies should emphasize wearing masks and maintaining The
importance of indoor ventilation. Based on epidemiological investigation and research, the
incubation period of SARS-CoV-2 is 2-14 days, and the median incubation time is 5.7 days
(Prather et al., 2020), so the general isolation time is 14 days.
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The length of the incubation period has a certain relationship with the personal constitution,
diet, and surrounding environment. Infected persons have no obvious symptoms or even no
symptoms during the incubation period, but they are still infectious, which is a potential risk factor
for epidemic prevention and control (Hou et al., 2020). Epidemiological surveys have shown that
the population is generally susceptible to SARS-CoV-2. Among them, the elderly over 68 years
old and those with underlying diseases are more seriously ill after infection (Oran & Topol, 2020),
and severe cases can lead to death. Focus on protection. SARS-CoV-2 and other coronaviruses can
survive in the air for 3 hours, and survive on surfaces such as plastic and stainless steel for 2 to 3
days, all sensitive to heat, 56℃ for 30 minutes, ether, 75% ethanol (alcohol), chlorine-containing
disinfectants, lipid solvents such as peracetic acid and chloroform can effectively inactivate the
virus (Salzberger et al., 2020). At least 60 countries have found mutant new coronavirus strains,
among which the most common D614G mutation improves the infectivity of SARS-CoV-2. 2, the
D614G strain did not significantly increase the disease in experimental animals, and the mutation
did not affect the neutralizing effect in vitro (Gurubaugh, Hanage & Rasmussen, 2020).

4.2.4 Diagnosis, prognosis and outcome
Early diagnosis is a key link in controlling the spread of SARS-CoV-2. Laboratory
diagnosis of COVID-19 mainly includes nucleic acid testing, serological testing, virus culture, and
gene sequencing, among which nucleic acid testing is the gold standard for diagnosis. Each
detection method has its own advantages and disadvantages. In addition to laboratory detection
methods, a comprehensive judgment should be made in combination with epidemiological history,
clinical symptoms, and lung imaging (Harapan et al., 2020).
In addition to advanced age, high D-dimer level, and high admission SOFA score,
decreased lymphocytes, excessively elevated IL-6, excessively elevated ferritin, etc. These
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characteristics can help clinicians predict whether patients with COVID-19 have adverse effects
on Prognosis (Helmy et al., 2020). The median time to shed virus in surviving COVID-19 patients
was 20 days, but the shortest observed virus shedding time was eight days, and the longest was 37
days (Yang et al., 2020). T
The time of virus replication and detoxification is directly related to the prognosis of patients.
In order to improve the prognosis of patients, timely and effective antiviral treatment measures
must be taken. Among them, the combined treatment of antiviral drugs and immunomodulators is
an important strategy to improve the outcome of severe COVID-19 patients. Some COVID-19
survivors experience symptoms such as fatigue or muscle weakness, difficulty sleeping, anxiety,
or depression for six months after contracting COVID-19. During hospitalization, patients with
severe disease have more impaired pulmonary diffusing function and abnormal chest imaging
findings and are the main target population for long-term rehabilitation interventions (Huang et
al., 2021).
4.3 CBD and SARS-COV-2
While the Covid-19 pandemic continues to rage everywhere, the search for effective treatment and
prevention methods continues unabated.
Data from a recent study shows that Cannabidiol (CBD), the main non-psychoactive component
of Cannabis Sativa, could improve the inflammation and respiratory damage associated with
Covid-19.
This effect of CBD seems to be the result of the interaction with a molecule present in our
body, apelin , an endogenous peptide involved, among other things, in the regulation of central
and peripheral immunity and in the regulation of blood pressure.
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4.3.1 Countering COVID-19 With Cannabis And Derivatives
Normal seasonal flu and Sars-Cov-2 infection (the virus responsible for the Covid-19
pandemic) have both aspects in common and differences, as recently underlined by
a document drawn up by the World Health Organization. Among the various differences, the main
one is perhaps represented by the lack of effective therapies and vaccines in the case of Covid19. In fact, the most dangerous situations seem to derive from the increase in hospital admissions,
with a consequent decrease in the number of beds available, especially in intensive care.
For this reason, the entire scientific community is committed to the effort to find effective
anti-Covid remedies. The cannabis "community" has also moved in this direction since the
beginning and the results obtained so far seem promising. We at Cannabiscienza have tried to keep
you updated on the subject. In a first article we talked about the benefits of hemp seeds ( Covid19 and the Endocannabinoid System: 5 methods to strengthen ourselves ), then we updated you on
the first studies on Covid-19 concerning Cannabis and phytocannabinoids ( Cannabis and Covid19: research continued ) and recently we talked about the promising results of a research on
the efficacy of tetrahydrocannabinol (THC) in acute respiratory distress syndrome (ARDS) .
A new study, published in the Journal of Cellular and Molecular Medicine, has shown that
even CBD, which unlike THC does not give psychotropic effects, appears to be effective in
countering the symptoms induced by Sars-Cov-2 , especially the abnormal immune response and
respiratory problems from ARDS, through interaction with an endogenous molecule called apelin .

4.3.2. CBD AND APELIN
The research group led by Professor Babak Baban of the University of Georgia (USA), had
already published a study in July 2020 in which CBD had proved effective in countering ARDS
and severe inflammation triggered by viral infections. Building on the promising results, the
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scientists continued their research in an effort to further verify and understand CBD's mechanism
of action. In this new study, the researchers found that the anti-inflammatory effect of CBD could
be due to the interaction with apelin, a molecule normally present in our body.
Apelin is an endogenous peptide expressed mainly in the lungs, heart, liver, intestine,
kidneys and in the Central Nervous System, which are also the parts of the body where
the Endocannabinoid System is most localized. This molecule acts mainly by activating the APJ
receptor, which induces a decrease in the transcription factor Nf-kB, resulting in a decrease in the
release of inflammatory mediators and in the recruitment of immune cells. Apelin also induces
a hypotensive effect and this action also appears to be due to the interaction with the ACE2 enzyme , expressed on the surface of many cells, particularly lung cells. In fact, apelin and ACE2
normally work together to control blood pressure. When blood pressure rises above certain levels,
an increase in the expression of both can be helpful in reducing blood pressure and caridacic
activity.
However, ACE-2 is also the gateway for Sars-Cov-2 to enter our body. The virus, in fact,
has a glycosylated protein that binds to ACE-2 and allows it to enter cells.

4.3.3. CBD Reduces Inflammation And Increases Appeal Levels
To understand the role of CBD in ARDS, the researchers used an animal model of viral
infection induced by small, double-stranded RNA fragments, called POLY (I: C).
In the study, the laboratory animals were divided into 3 groups:
●

A control group who were not injected with viral fragments;

●

A group treated with POLY (I: C) for 3 days;

●

A third group that in addition to POLY (I: C) also received CBD, again for 3 days.
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Animals treated with viral RNA alone produced a response similar to that induced by Sars-Cov2 - also a double-stranded RNA virus - characterized by damage to lung morphology, decreased
respiratory capacity and excessive increase in mediators of inflammation, resulting in the trigger
of the so-called cytokine storm.
In this group, the researchers also observed a drastic reduction in plasma levels of apelin ,
almost to zero. This seemed strange enough because normally, in case of respiratory crisis and
lung inflammation, its level would have to increase in order to normalize the lung pressure and the
breathing difficulty caused by ARDS.
However, when the researchers added CBD to the POLY (I: C) treatment, the results obtained
were very different: the signs of the viral infection had completely or almost
completely disappeared , as well as the lung damage and in addition the levels plasma values
of apelin had increased by about 20 times, returning to physiological values.
Analyzing these data, it would seem that the viral infection induces a reduction in apelin, with
the consequent development of severe inflammation and severe lung damage; CBD treatment
restores apelin to normal levels and is effective in counteracting the symptoms of infection.

4.3.4. CBD AND COVID-19: The Role Of Cannabidiol And Apelin In The Covid Pandemic
The link between viral infection, apelin and CBD is, for now, only associative, not
causative: it is not known whether the virus or CBD act directly on apelin, or if this is the
consequence of other mechanisms, as pointed out by the authors themselves. In any of the case,
the data show that plasma levels of apelin drop dramatically during a viral infection. The CBD
counteracts this action, bringing the apelina to normal levels and exerting a strong antiinflammatory effect that reduces lung damage caused viral infection, such as the Covid-19. Apelin
could therefore represent a molecular target of CBD never considered before.
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Furthermore, monitoring the plasma levels of apelin could be useful to understand the
progression of the viral infection and the effectiveness of a possible pharmacological intervention:
the levels of apelin are lowered as a consequence of a viral infection and if a drug is effective in
combating infection, as is the case with CBD, apelin levels rise accordingly.
Since apelin also interacts with ACE-2, these findings could also help in the management
of Covid-19, just as it could be important to have an effective anti-inflammatory as CBD has
shown to be. However, further pre-clinical and clinical studies will be needed to confirm these
eventualities.

4.3.5. A Global Pandemic And The Need For A Quick Cure
The SARS-CoV-2 coronavirus epidemic, commonly abbreviated to COVID-19, has
affected more than half of the world's population - around 4.5 billion people -, including infected,
dead and the majority forced or invited by their governments to stay home to contain the spread of
the virus. The various measures such as mandatory or recommended isolation or quarantine
concerned about 210 countries and territories.
Impressive and terrifying numbers for a pandemic against which an effective cure or a safe form
of prevention does not yet exist. With the exception of social distancing, a strategy that is certainly
effective but which involves a radical change in habits, with significant repercussions on the
psychological and socio-economic state of health of each individual.
According to psychologists, the malaise deriving from stopping any social relationship
is inevitable and the cause is to be found in the evolutionary history of the human species: the
ability to establish complex social dynamics has played a key role in the survival and evolution of
the species; even the greater brain development of man - as well as of his primate "cousins" - seems
to be due to the ability to manage social relationships that have become more complex over time.
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We have addressed the issue of changes in the Endocannabinoid System triggered by this condition
here: COVID-19 and the Endocannabinoid System: 5 Methods to Strengthen Yourself
Social distancing cannot therefore be the only solution. For this reason, the international scientific
community has focused its efforts on finding an effective remedy to counter this infection since
the beginning of January 2020, when the first news about the COVID-19 epidemic began to arrive
from China.
The strategies on which we have focused, to obtain an effective pharmacological treatment, are
essentially 2: the search for a vaccine, to prevent infection and the spread of the virus in healthy
subjects; the search for a cure, for those who have already contracted the virus.
Vaccine development appears to be the most logical way to tackle the new coronavirus. More than
100 projects, both by private companies and public entities, are currently being studied to develop
a vaccine against COVID-19. Some of them are already in phase 1 of experimentation, on healthy
individuals. But the way is long and success is not guaranteed. According to the most optimistic
forecasts, it is unlikely that a trial on large numbers of individuals (phase 2 or phase 3) can be
started before next year. Even if this happens, the results may still not be positive .People have
been looking for an HIV vaccine for decades and also due to the recent SARS viral epidemic, the
search for a vaccine has not been successful. However, for now, hope does not give way to
disillusionment.
As for an effective cure, it was sought above all among the drugs already on the market or
the result of previous experiments, which with more or less luck have been used both in clinical
protocols and in laboratory tests.
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Obviously, the first to have been proposed and tested are antivirals. While none are specific
to COVID-19, some appear to show promising results, such as remdesivir , a drug already
approved by the US drug agency and pending approval in Europe.
There are also drugs used for other purposes that could also be effective against new
coronavirus infection. Two cases are very emblematic in this sense.
The first concerns tocilizumab , an immunosuppressive monoclonar antibody effective in
rheumatoid arthritis, used with very promising results and entered in the anti-COVID-19 protocols,
thanks also to the work of Prof Ascierto of the Cotugno Hospital in Naples.
The second concerns the use of hydroxychloroquine , an anti-malarial drug also used to
treat autoimmune diseases, and azithromycin , an antibiotic. This combination has been shown in
many cases to be effective in reducing novel coronavirus infection, however side effects - mainly
severe cardiac conduction dysfunction - seem to advise against its use. Despite the claims of US
President Donal Trump, an enthusiastic sponsor of this cure, at least until the New York Times did
not disclose a strong conflict of interest, discovering that Trump and his close friends hold stakes
in companies interested in producing hydroxychloroquine.
In this context of research for an effective cure, Medical Cannabis has been brought up several
times, even by institutional subjects. However, in order for a drug to be used it must prove its
effectiveness. For this reason, various trials clinicians have recently been approved to test the
effects of Cannabis Medical and some of its components against COVID of-19 infection.
4.4. STUDIES ON CANNABIS AND DERIVATIVES FOR COVID-19
The use of Cannabis to treat a viral infection might seem strange to most, but those who
know the properties of the plant's components well (and those who follow the publications
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of Cannabiscienza.it ), will certainly not be surprised to learn that various clinical studies around
the world are trying to evaluate its effectiveness against COVID-19.
4.4.1 CANNABIS AND COVID-19: THE RATIONALE FOR USING CANNABINOIDS
COVID-19 infection primarily affects the lungs, causing breathing difficulties that can lead
to pneumonia; in the most serious cases there is a septic shock due to a hyper-activation of the
immune system, which can lead to the so-called " cytokine storm syndrome ", in which there is an
excessive release of inflammatory mediators, which also attack the healthy lung cells and those of
other

organs,

causing

a

general

collapse

of

the

body. Furthermore,

concomitant

pathologies aggravate the outcome of the infection.
The Endocannabinoid System is strongly involved in the induction mechanisms of sepsis
and for this reason Cannabis and derivatives could prove to be useful tools in this infectious
scenario. The main reason why Cannabis was thought of is in fact its ability to decrease
inflammation and activation of the immune system, especially in pathological conditions. For
example, in HIV- infected patients on antiviral therapy, cannabis use is associated with a reduction
in the number of activated immune cells and tetrahydrocannabinol (THC) decreases the release of
inflammatory mediators; same goes for Cannabidiol (CBD), which can also decrease the
abnormal inflammatory response in autoimmune diseases such as rheumatoid arthritis.
Furthermore, the components of Cannabis are effective anti-microbials , especially active
against bacteria (we have already discussed this in Cannabis and antibiotic resistance : preventing
global epidemics and in CBD seems to improve the effectiveness of antibiotics ), but also against
some types of virus. Finally, coronavirus infection can be complicated by conditions such
as diabetes and obesity, and cannabis is associated with a reduced incidence of both. [6]
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4.4.2 CBD AND EXOSOMES
The pharmaceutical company InnoCan Pharma, in collaboration with the University of Tel
Aviv in Israel, has started a trial to develop an innovative approach for the treatment of the
COVID-19 coronavirus , using exosomes loaded with CBD. The anti-inflammatory properties of
CBD are then implemented using a "revolutionary technology based on exosomes", cellular nanovesicles produced in the laboratory that can be used to deliver a drug in specific anatomical
areas. The lungs in this case, the primary site of COVID-19 infection.
Patients enrolled for the study will be given CBD, loaded into these exosomes, by
inhalation. According to the developer of the protocol, "exosomes may have anti-inflammatory
properties useful for treating infected lung cells."
4.4.3 CBD AND STEROID DRUGS
Steroid drugs such as cortisone and the like are drugs of choice for reducing inflammation
from viral infections, but their side effects limit their use in many cases. To limit these effects, an
Israeli company has started a trial on 10 COVID-19 patients, using a combination of steroid drugs
and CBD.
According to the company, "CBD enhances the therapeutic effect of steroid treatment, is
effective in treating the biological mechanism affected by the virus, and has the potential to
minimize the devastating and sometimes lethal effects of steroids."
If this first trial is successful, it will move on to tests on a larger number of patients.
4.4.4 THE ANTI-INFLAMMATORY PROPERTIES OF CANNABIS
Also in Israel, the Ichilov Medical Center in Tel Aviv has launched a study to test
the efficacy of cannabis in treating COVID-19 patients with moderate symptoms. We will
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therefore try to exploit the anti-inflammatory properties of Cannabis and CBD in particular to
improve the inflammatory picture following the new coronavirus infection.
Similar research has also been proposed in Canada. According to the Cannalogue
Company, which specializes in medical cannabis, "plant cannabinoids have natural
immunomodulatory properties that absolutely require accelerated investigation, given the current
global COVID-19 pandemic". For this he requested the Canadian Ministry of Health to be able to
carry out a clinical study on COVID-19 patients.
4.4.5 TERPENES AS ANTIVIRAL AGENTS
A recent publication highlighted the antiviral properties of terpenes , molecules produced
by the trichomes of the Cannabis plant (for further information: β-myrcene: discovering the antiinflammatory and analgesic properties ). These compounds bind to a particular viral protein that
replicates RNA, preventing it from entering the cell and exploiting the host's mechanisms to initiate
replication.
The pharmaceutical company CannaSoul is testing an innovative formulation based on
terpenes , called NT-VRL ™, to be taken by inhalation, which should be able to "lower the
immune system response without suppressing it". The clinical study will be carried out at the Israel
Institute of Technology in Haifa.
4.4.6 CANNABIS THERAPY IN TIMES OF CRISIS
In these days of the pandemic, patients on Medicinal Cannabis therapy are facing delays in
acquiring medicines due to the crisis and this increases the vulnerability of patients, including
towards COVID-19. We talked about it with Dr. Lorenzo Calvi for the Cannabis Italia podcast
program, which you can re-listen to here .
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Researchers from the University of Miami, USA, have launched an anonymous survey to obtain
indications of their mental and physical health from patients with therapeutic cannabis. Changes
in the frequency of cannabis use, dosage and routes of administration by patients will also be
examined, based on the limitations introduced to counter the spread of COVID-19. If you are
interested in the survey, in English, you can click here .
4.4.7 CANNABIS AND CORONAVIRUS ANXIETY
Fighting the infection, but not only. The fear of being infected, the social distancing, the
' economic uncertainty and strong displacement limitations are all secondary factors to infection
COVID-19, but they're still having a strong negative impact on mental and physical health of many
people. Each of these factors generates stress, which is not always easy to control.
As previously discussed (Cannabis in stress anxiety: the mechanism of action
revealed ) uncontrolled and prolonged stress over time - just what we are experiencing these days
- induces anxiety, through a signaling pathway that involves the endocannabinoid system. For this
reason, reducing the impact of stress can serve to reduce anxiety states, also associated with
COVID-19.
The effectiveness of Cannabis for treating stress anxiety states is now confirmed by
numerous scientific studies and the mechanism of action has also been partially revealed.
Greater ease of access to therapeutic cannabis could improve the psychological conditions of those
living with coronavirus anxiety, but not only. In fact, in Canada and in various US states, cannabis
has been declared an essential service for patients.
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4.5.CBD against other medicine for SARS-COV-2

4.5.1 Treatment and prevention
There are currently no specific treatments for COVID-19 or specific antiviral drugs for
SARS-CoV-2. Clinical use of non-specific supportive care to prevent or reduce complications.

4.5.2 Drugs
As of November 24, 2020, there are 319 COVID-19 treatment drugs in the world, of which
205 are in clinical trials. These drugs can be roughly classified as nucleotide analogs or inhibitors
of key enzymes in viral genome replication. Among them, Remdesivir is a nucleoside analog that
was originally used to treat the Ebola virus. Its structure is similar to adenosine, which can be
incorporated into the nascent RNA of the virus, inhibiting the viral RNA-dependent RNA
polymerase, causing the Genomic virus replication to be terminated prematurely, thereby
inhibiting viral replication. The first COVID-19 patient in the United States received redeliver on
the 7th day of hospitalization, with no obvious adverse reactions, and the condition improved on
the 8th day (Rothe et al., 2020). Remdesivir is currently undergoing multiple clinical trials in
different countries. On October 8, 2020, Gilead of the United States summarized the latest clinical
trial results of redeliver in the treatment of COVID-19 and made a final report (Biegel et al., 2020).
The study is a randomized, double-blind, placebo-controlled trial that recruited 1,062
hospitalized patients with COVID-19. The results showed that the median recovery time of
patients receiving remdesivir was ten days, and the mortality rate was 11.4% (29th day). , patients
receiving placebo had a median recovery time of 15 days and a mortality rate of 15.2% (day 29).
The study concluded that in adult patients hospitalized with COVID-19 and diagnosed with lower
respiratory tract infection, remdesivir was superior to placebo in shortening recovery time, and its
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impact on patient mortality was not discussed. In addition, there are many other drugs in
development and in clinical trials, such as the nucleoside analog favipiravir, the viral protease
inhibitors lopinavir, and ivermycin, the viral fusion inhibitors hydroxychloroquine and abidol
hydrochloride (Tu et al., 2020). However, the latest clinical research results of the British
RECOVERY research group found that hydroxychloroquine has no benefit in the treatment of
COVID-19 (Lin et al., 2020). Notably, glucocorticoids may reduce mortality and mechanical
ventilation in COVID-19 patients (Group et al., 2020).
The latest large clinical trial results published by the World Health Organization show that
remdesivir, hydroxychloroquine, lopinavir/ritonavir, and interferon have little effect on COVID19 patients. And the effectiveness of most interventions is uncertain because most RCTs to date
have been small and have certain study limitations. Therefore, the development of specific
treatments for COVID-19 or specific antiviral drugs for SARS-CoV-2 still has a long way to go.

4.5.3 Neutralizing antibody
Neutralizing antibodies refer to antibodies with an antiviral activity that can recognize virus
surface proteins and block the binding of viruses to specific receptors on the cell surface. A variety
of antibodies with neutralizing activity against SARS-CoV-2 have been screened, such as S309
(Pinto et al., 2020), 47D11(Wang et al., 2020), P2C-1F11 (Deng et al., 2020), BD-368-2 (Cao et
al., 2020) and CB6 (Shi et al., 2020). The neutralizing antibody cocktail therapy is more effective.
On September 29, 2020, Regeneron Pharmaceuticals announced the results of a Phase I/II/III
clinical trial of its neutralizing antibody cocktail REGN-COV2 (Siemieniuk et al., 2020). Results
from a study of 275 patients with SARS-CoV-2 infection showed that the therapy could rapidly
reduce the viral load and relieve symptoms in patients, especially in patients who did not have an
effective immune response themselves (Baum et al., 2020).
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Neutralizing antibody cocktail therapy is an alternative treatment option for the innate
immune response, which has played a huge role in the treatment of human immunodeficiency
virus, Ebola virus, etc., in addition to SARS-CoV-2.

4.5.4 Vaccines
As of January 21, 2021, a total of 241 SARS-CoV-2 vaccines are under development
worldwide, of which 45 are in clinical trials, and ten are in clinical phase III or have been approved
for marketing. These vaccines include inactivated vaccines, live attenuated vaccines, subunit
vaccines, DNA vaccines, and mRNA vaccines. Some European and American countries have
approved COVID-19 vaccines for emergency use, including the mRNA vaccine BNT162B2 [64]
jointly developed by Germany's BioNTech Biotechnology Company and the US Pfizer
Pharmaceutical Company, the US Moderna's mRNA-1273 (Polack et al., 2020), and the University
of Oxford and Aspen. The recombinant adenovirus ChAdOx1-S vaccine was jointly developed by
the Likang Company (Jackson et al., 2020).
Two of the mRNA vaccines met the primary efficacy endpoints in phase III clinical trials,
with protective efficacy of 94.1% and 95.0%, respectively, and the efficacy was basically the same
for different ages, gender, and ethnic groups (Polack et al., 2020). However, there are also reports
of allergic reactions or other side effects after the injection of mRNA vaccines (Folegatti et al.,
2020). The phase III trial of the adenovirus vector vaccine ChAdOx1-S demonstrated that this
novel vaccine has a good safety record and efficacy. When 14 days after the second dose of the
vaccine, the overall vaccine efficacy can reach 70.4% (Zhu et al., 2020). Currently, there are 5
COVID-19 vaccines in phase III clinical trials in my country, including three inactivated vaccines,
one adenovirus vector vaccine, and one protein subunit vaccine (Zhang et al., 2020).
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These SARS-CoV-2 vaccine candidates are well tolerated, have no serious adverse
reactions, and can effectively induce CD4+ and CD8+ T cell responses and neutralize antibody
production (Wadman, 2020). The successful development of the SARS-CoV-2 vaccine will build
a healthy immune barrier for the population and effectively control and prevent the spread and
prevalence of COVID-19 (Zhiu et al., 2020).
4.6 Conclusion
COVID-19 is the third highly pathogenic human coronavirus disease in the 21st century.
Although its fatality rate is not as high as that of SARS and MERS, its high infectiousness has
caused serious threats to global human health and the economy. Although researchers around the
world have conducted extensive research, the origin of SARS-CoV-2 and the route of cross-species
infection remain unclear. The pathogenesis of SARS-CoV-2 infection and the molecular
mechanisms of virus-host interaction are not well understood. An in-depth study of SARS-CoV-2
is the basis for developing prevention and treatment strategies against COVID-19.
Cannabis research conducted up to the pre-pandemic period has shown that this plant and its
constituents have anti-inflammatory and anti-microbial properties that could come in handy now
that the COVID-19 pandemic has involved (and upset) almost the entire world. For this reason,
new human studies are trying to evaluate whether the potential of cannabis can be exploited against
COVID-19 infection.
Since the anti-inflammatory activity of Cannabis and its derivatives are primarily due to
stimulation of CB2 receptors, it is possible that other Phytocannabinoids synthetic cannabinoids
or active mainly on this site may be subject to further trial clinicians.
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Pending the results, what can already be deduced from the experimental data in our possession, is
that Cannabis could be useful in case of coronavirus anxiety and to fight diseases such
as diabetes or obesity that could aggravate the outcome of COVID-19 infection.
To test the effect of CBD on SARS-CoV-2 replication, the researches pretreated A549 human lung
carcinoma cells expressing exogenous human ACE-2 receptor (A549-ACE2) for 2 hours with 0–
10 μM CBD prior to infection with SARS-CoV-2. The results of the experiment for the case
studies are as follows in picture forms.

Fig 1: Cannabidiol’s (CBD) potent inhabitation of SARS-CoV-2 infection in vitro
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Fig 2: Limited or no inhibition of SARS-CoV-2 infection by Cannabodiol other than CBD
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Fig 3: CBD inhibits viral replication after SARS-CoV-2 entry into the host cell
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Fig 4: Changes in Viral and host cell transcription following SARS-CoV-2 infection or CBD
treatment
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Fig 5: CBD promotes host cell interferon responses and inhibits viral induction of cytokines
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Fig 6: High Dose CBD usage in patients is significantly correlated with a reduction in COVID19 positivity
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5. Discussions of findings

Studies show that the possibility of infection by aerosol and fomites is real, since the virus
spreads its viability, therefore, the possibility of contagion by aerosol is of hours and on surfaces
of days (Van Doremalen et al., 2020), for For this reason, we must take extreme precautions in
dental practice, avoiding generating aerosols, disinfecting surfaces, environments and reusable
instruments correctly, and being careful with the correct implementation of PPE.

Because most oral diseases are not self-limiting, it should be realized that stopping elective
care can potentially affect the patient's psychology, especially psychosomatic illnesses. Online
consultations and graphic guidance can improve the response of these patients by alleviating the
psychological stress that is also caused by isolation at home (Qu & Zhou, 2020).

There is still a lack of information about COVID-19, there are no studies that show that the
recovery phase does not present a potential risk of transmission, recommending to postpone
elective dental diagnosis and treatment for a month after overcoming the COVID-19 disease (Li
et al., 2019). There are no studies of specific biocidal agents for COVID-19 or proven protocols
focused on treating this new pandemic and only protocols and mechanisms from other similar viral
outbreaks, such as SARS-CoV, are being adapted.

5.1.Findings from the data
Natural non-synthetic CBD is generally extracted alongside other cannabinoids when
separated from its source plant, illustrating the inescapable residual complexity of natural
compounds. We used 100 per cent quantitative NMR to test a CBD reference standard as well as
CBD from three separate sources for purity to confirm that CBD is actually responsible for viral
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inhibition (qNMR). Two organic vendors (Suppliers A and B) and one commercial vendor who
employed natural materials were among these sources (Supplier C). The striking similarity
observed for all components in between experimental 1H NMR and the recently formed quantummechanical HiFSA (1H Iterative Full Spin Analysis) profiles confirmed that
1) the substances used really were CBD with purities of at least 97 per cent (Fig. 1B) and
2) and that congeneric cannabinoids were not present at levels above 1.0 per cent. (11). The EC50s
of four three CBD formulations in the viral A549-ACE2 infection test were similar, ranging from
0.6 to 1.8 M, possibly reflecting the assay's inherent biological variability (Fig. 1C). At the levels
employed to suppress viral infection, none of the CBD formulations was hazardous (fig. S1 E–G).
CBD is frequently ingested as part of a Cannabis sativa extract, especially when combined
with the euphoric THC found in marijuana plants. We wanted to see if congeneric cannabinoids,
particularly those with similar structures and polarity generated by the hemp plant, may likewise
prevent SARS-CoV-2 infection. The structurally closely related congeners that share biosynthesis
pathways and form the biogenetically determined residual complexity of CBD purified from C.
Sativa: THC, cannabidiolic acid (CBDA), cannabidivarin (CBDV), cannabichromene (CBC), or
cannabigerol (CBG) showed limited or no antiviral activity (Fig. 2 A–B; see Methods). In the
dosage range studied, none of these chemicals was harmful to A549-ACE2 cells (fig. S2). Notably,
mixing CBD with THC (1:1) dramatically reduced CBD efficacy, indicating that THC inhibited
CBD efficacy.
CBD is rapidly converted in the liver and intestines into two primary metabolites: 7carboxy-cannabidiol (7-COOH-CBD) and 7-hydroxy-cannabidiol (7-OH-CBD) (7-OH-CBD).
Despite the fact that 7-COOH-CBD levels in human plasma are 40 times greater than 7-OH-CBD,
7-OHCBD is the active element in the treatment of epilepsy (Sekar & Pack, 2019). 7-OH-CBD,
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like CBD but not the other cannabinoids, efficiently suppressed SARS-CoV-2 replication in A549ACE2 (EC50 3.6 μM; Fig. 2C) cells while remaining non-toxic (fig. S2H). CBD had a peak
concentration (Cmax) in the nM range in healthy people receiving FDA-approved CBD
(Epidiolex®), but 7-OH-CBD had a Cmax in the M range, comparable to what was reported in
cultured cells (FDA, 2017). These findings imply that CBD does not exist at the concentrations
required to suppress SARS-CoV-2 in humans effectively. The plasma concentrations of its
metabolite 7-OH-CBD, whose Cmax may be boosted several-fold by combining CBD with a highfat meal, on the other hand, are adequate to prevent SARS-CoV-2 infection in humans (FDA,
2017).
CBD may work to prevent viral entrance into host cells or at later stages after infection.
We initially tested if CBD reduced the SARS-CoV-2 receptor in our A549-ACE2 overexpressing
cells because CBD has been found to lower ACE2 expression in several epithelial cells, including
A549 (Anil et al., 2021). There was no reduction in ACE2 expression (Fig. 3A). In addition, the
study of lentiviruses pseudotyped with either the SARS-CoV-2 spike protein or the VSV
glycoprotein (Crawford et al., 2020) revealed that antibodies to the spike protein successfully
prevented viral infection of SARS-CoV-2 expressing viruses but not of VSV-G expressing viruses.
However, 10 M CBD only partially blocked cell entrance by a spike-expressing virus, suggesting
that its antiviral actions were mostly due to other mechanisms (Fig. 3B, and Figs. S3 A and B).
Antibodies against the spike protein, on the other hand, significantly prevented viral infection of
SARS-CoV-2 producing viruses but not of VSV-G expressing viruses. CBD was also efficient at
inhibiting SARS-CoV-2 spike protein production in host cells even 2 hours after infection in the
presence of anti-spike protein antibodies, preventing reinfection during this time period (Fig. 3C,,
D).D). We tested the activity of the viral proteases Mopar and PLpro in vitro to see if CBD may
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be inhibiting viral protein processing (fig. S4). CBD had no effect on the activity of either protease,
suggesting that CBD is directed towards host cell activities.
RNA-seq investigation of infected A549-ACE2 cells treated with CBD for 24 hours
supports this interpretation, showing significant inhibition of SARS-CoV-2-induced gene
expression alterations. CBD significantly eliminated viral RNA expression in host cells, including
spike, membrane, envelope, and nucleocapsid protein-coding RNA (Figs. 4 A and B). B). SARSCoV-2 and CBD both caused considerable alterations in cellular gene expression, including the
expression of a number of transcription factors (figs. S5 and S6). The CBD+virus infected cells,
rather than reverting to a normal cell state, resemble those treated with CBD alone, according to
the principal component analysis of host cell RNA (Fig. 4C). The use of Metascape to do clustering
analysis uncovers several fascinating patterns and themes (Fig. 4D, figs. S7, and S8). CBD, for
example, reverses viral stimulation of genes involved in chromatin remodeling and transcription
(Cluster 1), despite the fact that CBD has no impact on its own. Similarly, CBD partially reverses
viral suppression of genes related to ribosomes and neutrophils (Cluster 3), but the medicine has
little impact on its own. In contrast, CBD alone causes substantial activation of genes involved in
the host stress response in Clusters 5 and 6. These findings imply that CBD inhibits viral protein
translation and the cellular alterations that go along with it.
Induction of the interferon signalling pathway is one possible method by which CBD might
decrease viral infection and enhance viral RNA destruction. Interferons are one of the first innate
immune responses to pathogen exposure in humans (Haller, Kochs & Weber, 2006). The interferon
signalling pathway is suppressed by SARS-CoV-2 infection (Blanco-Melo et al., 2020). (Fig. 5A,
and fig. S9). Interferon-beta and gamma receptors, as well as signalling pathway mediators like
STATs 1 and 2, are among the genes stimulated by CBD in the absence and presence of the virus
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(Fig. 5A and fig. S10). CBD does not significantly activate other genes in the pathway, such as
OAS1, an interferon-induced gene that leads to RNase L activation and RNA degradation
(O’Leary et al., 2016), unless the virus is present (Fig. 5A and fig. S11). These latter findings
support the theory that CBD reduces the effective virus titer sufficiently to allow normal interferon
pathway activation in the host. At the same time, CBD efficiently counteracts viral cytokine
induction, which can result in a lethal cytokine storm later in infection (Fig. 5B). These findings
imply that CBD suppresses SARS-CoV-2 infection in part by stimulating the interferon pathway,
which results in viral RNA degradation and subsequent viral-induced alterations in host gene
expression, such as cytokines.
We investigated whether CBD exposure may be linked to a lower risk of SARS-CoV-2
infection, given that CBD preparations containing significant levels of CBD are consumed by a
large number of people. Only 5.7 per cent of the 400 individuals who had any cannabis in their
medical records tested positive, according to an analysis of over 93,000 patients tested for SARSCoV-2 at the University of Chicago Medical Center (Fig. 6). Patients consuming CBD had a lower
rate of testing positive than those taking other cannabinoids (1.2 per cent in 85 CBD patients versus
7.1 per cent in 113 patients taking other cannabinoids, p=0.08). Our cell culture investigations
have shown that individuals using other cannabinoids had weaker protection against viral
infection. The researchers matched 82 patients who were prescribed oral, FDA-approved CBD
(Epidiolex®) before COVID-19 testing to patients who had no indication of taking any
cannabinoids but had similar demographic characteristics, clinical comorbidities, and records of
other medications in the two years before COVID-19 testing because multiple potential
confounding factors, including age, race, clinical morbidities, and sex, could explain these findings
(Table S1). The most prevalent morbidity categories among individuals administered oral CBD
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before their COVID-19 tests were hypertension and immunosuppressive disorders. Surprisingly,
only 1.2 per cent of CBD patients caught SARS-CoV-2, but 12.2 per cent of non-cannabinoid
patients tested positive (p=0.009), indicating a possible decrease in SARS-CoV-2 infection risk by
order of magnitude.
CBD offers a lot of benefits as a possible SARS-CoV-2 preventive agent. If the THC
concentration is less than 0.3 per cent, CBD is commonly available with no restrictions. There are
several ways to consume the substance, including inhalation and nasal administration. CBD
inhibits viral reproduction after it enters cells, making it likely to be effective against viral types
that include mutant spike proteins. CBD delivery does not require injection in hospital settings,
unlike medications like redeliver or antiviral antibodies. Finally, CBD has just a few minimal
negative effects (FDA, 2017).
However, a number of difficulties must be addressed before CBD may be considered or
even investigated as a COVID-19 treatment (Nelson et al., 2020). Although there are various CBD
formulations on the market, they differ greatly in terms of quality, CBD content, and
pharmacokinetic effects after oral administration, which are essentially unknown. CBD is
hydrophobic and forms enormous micellar structures in the liver, where it is retained and broken
down, reducing the quantity of medication accessible to other organs following oral treatment.
Inactive carriers have a big influence on clinically usable concentrations. We examined flavoured
commercial hemp oils and discovered a CBD level of just 0.30 per cent in a representative sample,
despite the fact that CBD is routinely offered as preparation in edible oil (fig. S12). The purity of
CBD and, in particular, the composition of products labelled as CBD are particularly critical,
especially in light of our findings that other cannabinoids, such as THC, may work against CBD's
antiviral activity. This effectively obviates the possibility of marijuana functioning as an effective
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source of antiviral CBD, in addition to legal concerns. Finally, additional CBD delivery methods,
such as vaping and smoking, pose concerns regarding lung injury.
To fully evaluate the promise of CBD as a therapy to inhibit SARS-CoV-2 infection, more
research on the best way to give CBD to patients, as well as clinical trials, will be required. We
recommend going to clinical trials rather than preclinical investigations in animal models since the
clearance rates for CBD in plasma in humans are significantly lower than in mice (FDA, 2017).
To establish CBD's involvement in preventing and treating early SARS-CoV-2 infection, we
recommend properly planned placebo-controlled clinical studies with known doses and wellcharacterised formulations. The required human in vivo concentration, as well as the best method
and formulation, have yet to be determined. We highly advise against using CBD in any of its
current forms as a preventative or therapeutic therapy at this time, especially without first learning
about a thorough randomised scientific trial with this natural substance.
1. Viability of COVID-19 in the environment.
Various studies show the conditions in which different types of coronavirus can live.
HCoV, SARS-CoV, MERS-CoV, among others, can survive in the environment between 2 hours
to 9 days and persist better in an environment with a relative humidity of 50% than 30% (Kampf
et al., 2020). The viability of the SARSCoV and SARS-CoV-2 viruses was compared on various
surfaces that are used every day. Viruses were applied at a temperature of 21 ° C to 23 ° C at 40%
relative humidity for 7 days. The results showed that SARSCoV-2 is viable in aerosol for 3 hours,
in plastic for 72 hours and in stainless steel for 48 hours, the same results as SARS-CoV. The
copper viability was 4 hours and 8 hours, and in cardboard of 24 hours and 8 hours for SARSCoV-2 and SARS-CoV respectively, although they indicate that the difference in the cardboard
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should be interpreted with caution. The half-lives of SARS-CoV-2 in aerosol are 1.1 to 1.2 hours,
in stainless steel 5.6 hours and in plastic 6.8 hours (Van Doremalen et al., 2021).
Keeping the environment clean and dry helps reduce the persistence of COVID-19 and the
indoor air, floor, walls, and accessories such as door handles, chairs, and desks must be cleaned
and disinfected frequently (Ge et al., 2020). For this reason, precautionary measures should be
taken in the dental office since contaminated surfaces are frequently contacted, being a potential
contagion route (Van Doremalen et al., 2021).

2. Effective biocidal agents.
Various biocidal agents can effectively inactivate SARS-CoV and MERS-CoV, these are
ethanol (ethyl alcohol) 78% - 95% for 30 seconds, 2-propanol (isopropyl alcohol) 70% - 100% for
30 seconds, 0.7% - 1% formaldehyde for 2 minutes, 0.23% - 7.5% povidone iodine for 1 minute.
Glutaraldehyde 2.5% for 5 minutes or 0.5% for 2 minutes inactivates SARS-CoV, but no studies
for MERS-CoV. Sodium hypochlorite requires a minimum concentration of 0.21% for 30 seconds
to be effective and hydrogen peroxide a concentration of 0.5% for one minute, although these
results were with other coronaviruses and not MERS-CoV or SARS-CoV. Chlorhexidine is not
effective (Kampf et al., 2021). The WHO recommends using 0.5% sodium hypochlorite or 70%
ethyl alcohol.
3. The risk in the dental office.
The dental office is an area of extreme risk for the spread of diseases such as COVID-19,
practically all dental practice generates aerosols. Talking to the patient, expels droplets of saliva,
the oral examination using the triple syringe that when expelling air and water generates droplets
or bioaerosols, contaminated with blood, saliva or other fluids potentially infected with microbes;
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as well as ultrasound or rotary instruments. In pandemic situations, all instruments and actions that
generate aerosols should be avoided. Extreme security measures for the dental team and the patient.
Large droplets (> 5µm) can contribute to transmission to nearby subjects and other sites by directly
entering the ocular conjunctiva or the nasal and oral mucosa (Qu & Zhou, 2021).
It is common to use intraoral radiographs which can increase salivary flow and / or cause
coughing or nausea; whenever possible, they should be replaced by extraoral radiographs such as
panoramic or CBCT for the duration of the COVID-19 outbreak (Sabino-Silva et al., 2020). Since
the outbreak began, in China, they only attend emergencies with a strict implementation of
infection control and prevention (Guo et al., 2021).
4. The psychological influence of a pandemic on dental care.
In dentistry there are various diseases with a psychosomatic component which can worsen
in a pandemic situation, such as diseases of the oral mucosa, periodontal, bruxism, among others,
in which attention should be paid to the relationship between oral diseases and psychological state
of the patients to assess the corresponding measures. Public health emergencies can generate
psychological stress such as anxiety, tension, irritability, depression, pathological illusions,
hallucinations, delusions, anorexia, nausea, diarrhea, polyuria, sweating, and muscle tension,
among others. These symptoms can appear from the day after the emergency and the psychological
impact can last up to several years.
Oral psychosomatic disorders are those without a specific cause and can cause chronic oral
pain, discomfort, and dry mouth. They include burning mouth syndrome, atypical toothache,
halitophobia, dental phobia, among others. These pathologies are considered to be caused by
emotional factors and it is important to alleviate physical and mental pain, which can be made
worse by psychological stress. Recurrent oral ulcer or lichen planus are idiopathic pathologies and
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are considered to be closely related to psychological factors. Stress events can cause a 3-fold
increase in recurrent oral ulcer attacks and can increase in severity. Burning mouth syndrome
presents burning with no clear clinical cause and can make diet and speech difficult, generating a
significant negative impact on quality of life. Psychological factors are its main cause. Studies
have shown an increase in xerostomia by 51% in patients with anxiety, 47% with depression, 41%
with bipolar disorder and 39% with schizophrenia, being significantly higher in patients with some
mental disorder compared to healthy patients (Qu & Zhou, 2019).
Bruxism is related to emotions, among other causes, it has been seen that the greater the
anxiety, the greater the bruxism. On the other hand, a positive correlation has been observed
between stress / psychological factors and periodontal disease, high serum cortisol levels are
significantly related to chronic periodontitis. Mental illnesses also affect the risk of cavities and
the number of missing teeth, being a bidirectional relationship, a meta-analysis showed that all
psychiatric diagnoses were positively related to a higher number of cavities and restorations (Qu
& Zhou, 2019).
5. Prevention of COVID-19.
The literature does not report specific clinical recommendations for COVID-19 in
dentistry, but various protocols have been created to prevent infection and the spread of this
pandemic. The South Korea Disease Health Center (KCDC) provides 6 tips for the general
population which include frequent hand washing; If you have a cough, sneeze or any respiratory
symptoms, and you do not have masks, you should cover your mouth and nose with your elbow
or with a paper towel which you should discard and wash your hands; do not touch your eyes, nose
and / or mouth with your hands; wear a mask when visiting health facilities; do not visit crowded
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places; do not touch people with symptoms such as fever or cough. These measures can be
followed by the entire population,
5.1. Handwashing.
Hand washing is essential for the prevention of any communicable disease, it should be
frequent with soap and water for 30 seconds or more, if they are not available, use 70% - 90%
alcohol gel since both forms are effective, but if it exists Visible dirt on hands should be washed
with soap and water. In dental practice a routine hand washing is a prerequisite which must be
carried out "2 before and 3 after" which consists of before examining the patient and before a
dental / aseptic procedure. After touching surfaces and equipment without disinfection; after
touching the patient; and after touching the oral mucosa, damaged skin, blood, body fluids,
secretions and excreta (Kampf, et al., 2020).
5.2. Assessment of patients.
Every person entering the health center must wear masks. Public areas, patient screening
and TRIAGE should be strengthened with personnel equipped with PPE and disinfectants for
personal and instrumental use. They must carry out a pre-examination before entering the dental
box where the temperature of the patient and all companions are taken, even those who are in the
car, the use of a non-contact thermometer being strongly recommended. An epidemiological
history investigation and record is then performed with a questionnaire that may include the
following questions:
(1) Have you experienced a fever in the past 14 days? Do you use antipyretics?
(2) Have you experienced any recent respiratory problems, such as cough or shortness of breath in
the last 14 days?
(3) have you traveled or visited places with COVID-19 cases?
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(4) Have you been in contact with confirmed COVID-19 patients in the last 14 days?
(5) Have you been in contact with people who have traveled to places with COVID-19 cases, or
in areas with recent cases of fever or breathing problems in the last 14 days?
(6) Have you been in contact with two people with fever or breathing problems in the last 14 days?
(7) Have you recently participated in any meeting or been in close contact with many Unknown
people? or in areas with recent cases of fever or respiratory problems in the last 14 days?
If the patient answers "yes" to any of the questions with a temperature <37.3 ° C, treatment
can be referred and self-quarantine recommended. If you answer “yes” to any of the questions with
a temperature ≥37.3 ° C, it must be immediately sent to quarantine and reported to the
corresponding disease control center. If the patient answers "no" to all the questions with a
temperature <37.3 ° C, it can be treated with all the extra protection measures avoiding procedures
that generate splashes or aerosols, but if it is not an emergency, it is recommended to defer. If the
patient answers "no" to all the questions with a temperature ≥37.3 ° C, the cause of the fever should
be evaluated, if it is not recognized, they should be referred to a health center to evaluate the
possibility of COVID-19. Those who pass must go to the waiting area in an orderly fashion,
properly ventilated, unaccompanied, except for children who may be accompanied by an adult,
with a minimum distance of 1 meter between people. Accompanying persons must stay out of the
waiting area or hospital. (Ge, et al., 2020).
5.3. Protocols for the dentist.
All transmission routes must be protected using PPE, hand washing before putting on PPE
(gloves must be the last element to be put on) and “2 before and 3 after”. You should not eat or
drink in the dental box or place personal items in the box, do not use gloves to directly touch the
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environment. When removing PPE first remove gloves, wash hands to continue with remaining
PPE (Sabino-Silva et al., 2020).
5.4. Personal protection items.

Surgical masks can provide protection in daily dental practice, but not against droplets <5
µm or Mycobacterium tuberculosis, for example. According to the WHO, N95 or FFP2 masks
should be used when treating COVID-19 patients, which should completely cover the nose, chin
and fit the face well, not use another mask inside and their continuous use should not exceed the 4
hours (Li et al., 2019). All personnel, including cleaning and security, must use the protection
corresponding to their job. Prepare the PPE to be used in advance and do it properly, the hair must
be tied, there must be no loose hair and jewelry, watches or accessories must be removed to avoid
contamination; drink water to avoid further dehydration and go to the bathroom before using
PPE; if you find contamination or damage after use, you should replace it; you should change the
gloves if they are wet.

Do not touch PPE and unprotected areas with your hands during treatment and avoid
touching the contaminated surface of the PPE when removing it. Isolation gowns must be removed
when leaving the dental box. Goggles and face masks must be cleaned and disinfected with 75%
alcohol or immersed in 500mg-1000mg/L chlorine for 30 minutes, rinsed and dried to be used as
a replacement. Change work clothes at the end of the day and showering when returning home is
recommended (Tang et al., 2020). Eczema on the face is a frequent complication of prolonged use
of PPE; To relieve symptoms, you can use medicated creams or ointments. Patching the skin with
an adhesive bandage is one of the preventive methods. To relieve symptoms, you can use
medicated creams or ointments. Patching the skin with an adhesive bandage is one of the
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preventive methods. To relieve symptoms, you can use medicated creams or ointments. Patching
the skin with an adhesive bandage is one of the preventive methods (Huh et al., 2021).

5.5. Measures in dental care.

Four-handed work helps improve quality, efficiency and control infections, if it is not
possible the assistants must prepare equipment and items related to the needs of the treatment, use
high volume suction (hemosuctor) and weak suction to aspirate saliva and avoid generating
aerosols or droplets, the patient should not bite the suction, and the suction handle should be
located as far as possible below the patient's mouth. Oral examination should be relaxed avoiding
causing cough or pharyngeal reflexes, use the ejector to remove saliva in time (Li et al., 2020).

5.6. Use of mouthwashes.

Mouthwashes prior to dental care help reduce the amount of aerosol, a meta-analysis
concluded that their use caused an average reduction of 68.4% of colony-forming units in the
dental spray (Ge et al., 2021). Hydrogen peroxide 1%, povidone 0.2% or cetylpyridinium chloride
(CPC) 0.05% - 0.1%, containing oxidative agents, are effective against various types of
coronavirus, but we must remember that there are no specific data for SARS-CoV -two. Its use is
recommended if it is not possible to use rubber dam (Li et al., 2020).

5.7. Use of rubber dam.

The rubber dam reduces the production of aerosols or splashes contaminated with saliva or
blood by 70% and by 90% the microorganisms in the air in a diameter of 1 meter. Must be coupled
with high volume suction for spray and regular suction for splashes, necessitating four-handed
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work. If absolute isolation is not possible, such as in subgingival procedures, it is recommended
to use manual or chemical instruments and not rotary instruments or ultrasound to minimize
aerosol generation (Peng et al., 2019).

5.8. Management of the dental box.

Diagnosis and treatment area should have good ventilation by opening the window at least
3 times a day for 30 minutes, disinfect the area and instruments regularly (Meng et al. 2020), if
necessary use UV radiation 2 times a day for 30 minutes, increase the interval between patients
and dispose of all medical waste after care. In dental boxes with more than one adjoining chair,
organize a single chair for care and place the least amount of items on the counters. After care,
disinfect with a damp cloth with 2100mg/L of chlorine and in suspicious cases use 5000mg/L on
surfaces and floors (World Health Organization, 2021).

5.9. Types of dental care.

In areas where the pandemic is spreading, it is difficult to differentiate asymptomatic patients
from healthy ones, so it is recommended only to attend to emergencies such as acute dental pain,
dental trauma, oral and maxillofacial trauma, and serious maxillofacial infections, using the
necessary PPE, rubber dam, and suction. of high volume saliva to reduce aerosols or splashes,
preferring to use manual instruments, chemical-mechanical caries removal and provisional or glass
ionomer restorations. In case of extractions, prefer absorbable sutures to reduce sessions. Irrigate
gently with needles and vacuum to reduce spray. Alternatively, patients can be cared for in an
isolated, well-ventilated room; negative pressure rooms should be available for suspected COVID19 patients. In life-threatening cases, the patient should be admitted to a hospital immediately and
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have a CT scan of the chest, if available, because RT-PCR testing takes a long time. Patients with
trauma or maxillofacial infections generally have an elevated temperature, which must be
differentiated from COVID19 with the epidemiological history, etiology, clinical examination,
blood test, and chest CT (Meng et al. 2020).

5.2.Comparison to existing literature
Based on the findings that we have collected, we can assess and discuss how these are fair
when compared to other researches that have existed in the past. These will help in getting a clear
overview on compared to other researches that have been done, what these can provide us with
and also what we can examine and learn from it as well. It can then help provide us insight on the
key findings in the research and how true they will be when compared to other pieces of research
that is done. The purpose of doing this will be to get a better understanding of our findings when
we compare this with existing literature and how our findings are similar or different to other
researches that have been done. Lastly, this comparison will help in illustrating the different
limitations that are present in the findings based on what we may have missed and also what other
areas can be explored as well.
As we previously noted in our findings, it can be seen that the anti-inflammatory effect that CBD
has can be attributed to the interaction that it has on apelin that is present in the body. Based on
the research that we did, we can see that the findings are pretty similar to what was found in other
researches, such as the one done by Salles et al. (2020). Apelin or its receptor agonists have a great
potential when it comes to treating or reducing the spread of the SARS-COV-2 virus. The reason
for that being is it is able to suppress the ACE2 in the body and causing it to not enter in the host
cells (Saeedi Saravi and Beer, 2020). As we noted before, Apelin work by activating the APJ
receptor, which induces a decrease in the transcription factor Nf-kB, resulting in a decrease in the
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release of inflammatory mediators and in the recruitment of immune cells. CBDs can facilitate this
by regulating how apelin is spread across the body and also improve on its capabilities to suppress
the enzymes.
In the same research, Salles et al. (2020) noted that the increase in the treatment with CBDs
led to an increase in the apelin expression towards controlling the levels in the lungs. The apelin
may represent a novel molecular target that will be able to improve the protective effects of the
endocannabinoid signaling in the body. This can include regulating the flow of CBD in the body.
Along with dealing with SARS-COV-2, this may be even able to reduce the amount of lung
damage that the virus cause due to how it reduces the spread of the virus. In the research that was
done previously, it was noted that along with CBD improving the oxygen levels in the body and
also reducing the inflammation in the alveolar ducts, it was able to reduce the damages that was
caused by the virus. The research examined this phenomenon using a severe strain of ARDS, which
functions similar to SARS-CoV-2.
It indicated that it may serve as a great role as working alongside CBD to be a predictive
biomarker that can be used to categorize the risk of disease progression and deterioration. The
CBD treatment, along with the use of Apelin, is found to be beneficial as it was able to improve
the structure of the poly I:C tissues that are present in the lungs, showing the protective effects of
the antibodies that it possesses of similar importance, apelin may also prove to have a significant
role as a biomarker for the physicians to be able to determine the efficacy of the treatment. These
provide biological readouts that can be used to monitor the efficacy of a therapeutic intervention
that is given through CBDs or not. Given that these are also a substrate for ACE2, these findings
may be particularly relevant to the management of COVID-19 due to how it can work similarly to
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the ARDS virus (Salles et al., 2020). Apelin and ACE2 normally work together to control blood
pressure and are found in many tissue cells in the body.
These together can be useful when it comes to regulating the blood flow of the body or in
the case of respiratory functions, help improve the flow of air in the body. Due to how these are
similar in nature, the findings that we collected indicates that CBDs regulating Apelin may end up
being useful in order to reduce or remove the spread of the virus and also to eliminate the damages
that it causes in the body. Overall, we can say that our findings are according to the papers that we
have examined and are able to give us a good indication on how it works as well.
From the findings that we collected, we were able to determine that CBDs are pretty effective
when it comes to acting as an anti-inflammatory agent. It may be due to how well it can do it due
to its interaction with apelin and other receptors in the lungs as it helps in improving the lung
functions and the reduction of the damage that the virus has on the body.
In the researches that we noted in the past sections, we observed a drastic reduction in
plasma levels of apelin to almost zero and an increase in the IL-6 and IL8 expressions that are
found in the macrophages. These are found to be pretty consistent with the findings that were
presented by Anil et al (2021) where it was noted that the treatment with CBD showed a significant
increase in the IL-6 and IL-8 expressions while being able to maintain the anti-inflammatory
activities within the alveolar epithelial cells. Due to this, they noted a significant reduction in the
phagocytosis in the lungs as well as the pro-inflammatory IL secretions that are able to help in
reducing the inflammation of the lungs and have it restore back to its natural state.
Further confirming the findings, the research that was done by Esposito (2020) shows that there is
a significant case that can be made when it comes to CBD being used as a way to treat patients
due to a wide range of anti-inflammatory effects that it has inside it.
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Due to these, it can be seen that CBDs can mitigate the production of the uncontrolled
levels of cytokine that can be produced in the body. These play a part in how the lungs are damaged
or injured in the worst-case scenario injure these, further reducing the exchange of oxygen in the
patients (Esposito et al., 2020). In their research, Malinoswska et al (2021) noted that the high antiinflammatory and antioxidative abilities of CBDs can prove to be beneficial when it comes to
reducing the negative consequences of hypoxia and ischemia within patients. Due to these, it can
be noted that a small dose of CBD may prove to be beneficial when treating children that may
have a chance to develop neonatal asphyxia due to their mothers suffering from the COVID-19
virus. Similar to these, the research done by Khodadadi et al. (2020) also confirms our findings
that CBDs could reduce any form of pro-inflammatory cytokine levels ameliorating symptoms
associated with ARDS, leading to alleviation in breathing within patients as well.
However, the findings do seem to contradict to what was found in the research that was
conducted by Crippa et al. (2021) where it was found that after conducting a randomized, doubleblind, placebo-controlled clinical trials, they were able to find that there was no inherent difference
found between the patients of COVID-19 that were treated with placebo medications and patients
that were treated from CBDs for the majority of the time. These were conducted with patients that
have mild to moderate symptoms, but these are able to give us an indication that in some cases,
CBD may not turn out to be a viable option to use when it comes to being an anti-inflammatory
for the lungs. The administration of 300mg of CBD, as done in the research by Crippa et al. (2021)
shows that the resulting in little to no change in the lung inflammation within the patients of
COVID-19. Based on these, we can deduce that while there is some potential when it comes to
how it can cure the lungs of the patient and the extent with which it can prove to be an anti-

158

inflammatory for reducing the inflammation of the lungs, we can see that the existing literature
has been a mix of it being able to cure SARS-CoV-2 and it not having any effect on it as well.
As noted in the previous section, the COVID-19 infection affects the lungs primarily,
which can cause difficulties in breathing and can potentially lead to pneumonia or even being put
under ventilation in order to facilitate the breathing process. Based on what we have found, we can
see that CBDs are effective in reducing the effects of the virus and may even prove to be viable
against other variants. These are found to be mostly agreed upon in various researches done
beforehand, such as the ones done by Malinowska et al. (2021) that is induced to a model created
by them. CBDs can also down-regulate the expression of ACE2 and TMPRSS2 within the bodies,
that can act as a way for the body to be able to resist the entry of the virus. This is because it is
noted by researchers such as Malinowska (2021) and Khodadadi et al. (2020) that these are the
two major receptors which are used by the SARS-COV-2 virus to enter, propagate and spread
around the body.
By targeting those, CBDs can reduce them as it does with ACE2 enzymes, making it hard
for the virus to attach itself to those. The use of apelin can further improve this, leading to an
increase in the efficacy of CBD being used to cure SARS-COV-2. We will be able to further
confirm this based on what Wang et al. (2020) noted that its anti-inflammatory properties could
further inhibit the virus from reacting to those surfaces, causing a chance to repair itself and restore
the breathing within the patients. However, as we previously noted, due to a lack of clinical data
found for how effective CBD is and how the virus works, all we can go off is based on the findings
in these researches. Bifulco et al. (2021) noted the research done are without using any clinical
data may not allow one to be able to correctly identify the effectiveness of CBDs against viruses
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like SARS-CoV-2, which can further explain the inconsistent efficacy that is found in various
researches, such as the one done by Crippa et al. (2021).
Despite these setbacks, one of the main reason why Cannabis and CBDs in general are able
to be considered as a great medicine against SARS-CoV-2 is, as we have mentioned before, to
reduce the inflammation in the lungs and also increase the activity in the immune systems as well.
This is especially true when it comes to reducing the spread of the virus and stopping the
pathogenesis of the virus. At the early stages of the virus entering the host, it can also be seen that
it can prevent the spread of the virus and even help eliminate it as well (Malinowska et al., 2021).
This seems to be a pretty consistent finding compared to other diseases that can harm the lungs as
well. For example, in patients that are suffering from bronchitis, it can be found that it helped in
expanding the bronchial passages within the lungs of guinea pigs, showing promise when it comes
to alleviating (Ribeiro et al., 2014).
Furthermore, the components and the anti-microbial bodies that are present in CBDs are
able to prove effective when it comes to reducing the spread of viruses such as SARS, MERS and
based on our findings, it has a good chance of reducing the spread of the SARS-CoV-2 virus. These
findings does seem to indicate that these can work out for other variants of the virus as well as the
research done by van Breemen et al. (2022) showed that CBDs are effective against the Alpha
variant of the virus as well as the beta variant of the virus. The reason for this may be that it is able
to inhibit the spread of the virus by reducing the outer layer of ACE2 and the TMMR2 cells. The
papers and the findings indicate that these may possibly help with the Delta variant of the virus
but not with the Omicron variant, as it is currently noted that the present medications are not very
effective against the strain of the virus. These can change based on various factors such as the
amount of CBDs that are provided to the patients and also the condition of the patients as well.
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In our findings, we were able to note that the CBDs are mildly effective against various
animals and studies that were done on human lung cells. However, as we pointed out with the
research done by Crippa et al. (2021), there was no difference in how effective CBD was when
comparing it with placebo-based cures used. This can indicate that due to low dosage, it may not
prove to be useful in lower doses. Rather, a much higher amount may be needed to fully utilize its
anti-inflammatory properties. However, as they noted, the patients themselves had low
inflammation levels in them, which can be negated with ease by letting the immune cells of the
body respond to it. Along with that, our findings suggest that any underlying conditions that the
patient has can also impact how CBD may prove helpful. This is because if the patient has any
existing condition such as diabetes, obesity, or previous lung-related problems, their bodies will
not be strong enough to inhibit the spread of the virus. In the research that was done by Abdi et al.
(2021), they were able to deduce that while there was no inherent difference found between the
patients of COVID that had diabetes as compared to ones that did not, what was concluded was
that these did lead to a significantly worse ARDS in the patients along with an increase in severe
symptoms and also they were more likely to die as compared to ones that did not have diabetes
(Abdi et al., 2021). These can prove problematic as the immune system's severity may lead to
CBDs being ineffective in these. In a similar research done by Al-Shamsi et al. (2020), it was
found that patients with cancers have a significant chance to catch the virus due to how weak their
immune cells will be as a result of the over production of the mutations that are present within the
body.
At present, the studies that are being examined does not provide a comprehensive overview on
how much CBD affects the patients that are suffering from COVID-19 while being a diabetic
patient. It was able to deduce that the use of it may not turn out to be effective when examining
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various factors that may work against it, such as it working with mild cases of SARS-CoV-2 and
also the. As such, noting the proper dosage may prove to be a more effective strategy when it
comes to assessing how effective CBDs may turn out to be in higher doses or under variable means
of being administered. Along with that, the present studies had less indication over the true extent
with which the CBDs are able to cure patients that have severe conditions such as the case with
diabetic patients and also on patients that are suffering from cancer as well. These can potentially
act as a basis for future researches when we examine further the impact of CBDs while considering
these factors as well.
6. Conclusion
6.1.Summary and recap of the Findings
Cannabis and its ingredients have a variety of effects on the human organism. A Large number
of scientific papers have been published on cannabis ingredients. From the findings published
there, a possible application for mental illnesses, epilepsy, addictions, chronic pain, chemotherapyassociated vomiting, Parkinson's disease, depression, schizophrenia, post-traumatic stress
disorders, anxiety disorders and some other diseases can be derived. The attending physician
makes the decision as to whether therapy with medicinal products based on cannabis is to be
carried out. According to the current state of knowledge, the following products are used
medicinally: Oily cannabidiol solution 50 mg/m1(NRF 22.10.): Use, among other things, for
Dravet syndrome and Lennox-Gastaut syndrome, for multiple sclerosis and other areas of
application for individual indications.
The finished drug Epidyolex, a CBD preparation dissolved in oil, was approved in 2019 by the
European Commission for the treatment of epilepsy, in particular Dravet syndrome and
Lennox- Gastaut syndrome - two rare and severe forms of therapy-resistant childhood
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epilepsy. The percentage of CBD is 98 per cent, and that of THC is less than 0.2 per cent.
Epidyolex is indicated, together with clobazam, in patients from 2 years of age for the adjuvant
treatment of seizures associated with Lennox-Gastaut syndrome (LGS) or Dravet syndrome (DS).
Epidyolex is indicated in patients two years and older for the adjuvant treatment of seizures
associated with tuberous sclerosis (TSC).


Are there any plans to fundamentally relax the current cannabis rules? If so, what do they
look like? If no, why not?

As a synthetically produced individual substance that does not have an intoxicating effect,
CBD is not listed in the annexes to the Narcotics Act (BtMG) and is therefore not a narcotic within
the meaning of the BtMG, in contrast to the plant cannabis and extracts containing CBD obtained
from the cannabis plant. According to the Committee of Independent Experts on Prescription, CBD
has a number of pharmacological effects and is therefore classified as a medicinal product. In
October 2016, CBD was included in Appendix 1 of the Medicinal Products Prescription Ordinance
(AMVV). Due to their effects, treatments with CBD require a medical differential diagnosis and
an individual benefit-risk assessment. The side effect profile and interaction potential of CBD
cannot be conclusively assessed at this time since the corresponding study data is not available.
The State Ministry of Health and Care (StIVIGP) is not aware of any changes to this classification.
The SMTP is not responsible for changing the AMVV. The essential scientific findings presented
in the Written Question do not suggest any easing of the previous handling of cannabis. The
COVID-19 pandemic represented a significant challenge for health systems and public health
policies in all affected countries around the world. People with substance abuse disorders are at
greater risk of contagion due to multiple factors related to their clinical and psychosocial
conditions and in association with the presence of comorbidities such as respiratory diseases,
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diabetes, arterial hypertension and state of immunosuppression with a noticeable increase in the
risk of mortality.
Cannabis is among the most used drugs of abuse in the world as some countries have legalized
its use both for the treatment of specific clinical conditions and for recreational use. With the
growing attention about the potential positive effects of cannabis, in particular of its compounds
such as tetrahydrocannabinol (THC) and cannabidiol (CBD) during SARS-CoV-2 infection, many
fake news and inaccuracies are circulating on the Internet and on social networks. Average.
However, there is no scientific evidence that demonstrates the benefits of THC or CBD in
preventing or treating COVI D-19. On the contrary, the evidence shows that the inhalation of
cannabis smoke, as well as tobacco smoke, can have adverse effects on the respiratory system,
which, already compromised, could, in turn, increase the susceptibility to contagion and determine
an aggravation of the picture—clinical of this disease (Weiss & Leibowitz, 2011).


Is the government aware of the Canadian study that found cannabis ingredients reduce the

ability of the novel coronavirus to reach cells of the lungs? What conclusions does the state
government draw from the study? Scientists from the University of Chicago found that incubating
a Protect lung epithelial cell line with CBD from infection of the cells with SARS-cov-2 or its
proliferation in the cells (Nguyen LC et al., cannabidiol inhibits SARS-CoV2 replication and
promotes the host innate immune response, bloRxiv, Preprint 03/2021). The state government is
unable to conduct a Canadian study on this subject known. Since the work from Chicago only
shows the effect of CBD on a cell line was studied in vitro, the findings cannot simply be
extrapolated to humans. The interpretation of scientific research results is the responsibility of the
research institutions and the scientific and medical specialist societies.
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Is the state government aware that researchers from the Dental College of Georgia and the

Medical College of Georgia have found that cannabis compounds can reduce inflammation and
lung damage in ARDS? Is the state government aware that active cannabis ingredients are also
said to reduce the dangerous cytokine storm in severe COVID-19 cases, according to a new
laboratory study?
Two References are made to the answer to this question, in which both publications are
cited.


Are there any relevant studies in Bavaria on the healing effects of cannabis on COVID-19?
A query of the PharmNet.Bund database did not yield any results on clinical trials of

medicinal products containing ingredients from the cannabis plant (CBD) against CDVI D-19 in
Bavaria. Reference is also made to the answer to the question.


Are there any plans for such a study specifically related to the effect of cannabis ingredients

on COVID-19?
The state government has no knowledge of plans for clinical trials of medicinal products
with ingredients from the cannabis plant (CBD) in Bavaria. If no, why not? Sponsors generally
carry out clinical trials. These sponsors can be pharmaceutical companies or scientific institutions,
for example. It is not the task of the state government to carry out basic scientific research or
clinical trials. There is also no influence on whether sponsors decide to conduct clinical trials.
Instead, the state government is obliged to be neutral since it and the subordinate authorities are
responsible for monitoring the sponsors and the proper implementation of clinical trials in Bavaria.
In fact, a recent study, which evaluated the risk factors that led to complications in cases of
coronavirus-induced pneumonia, showed that smokers were 14 times more likely to develop these
complications than non-smokers (Galloway et al., 2021). Given that cannabis smoke contains
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many chemicals known to be toxic and carcinogenic, like tobacco smoke, these can cause not
only respiratory diseases but also cardiovascular diseases with an increase in related morbidity and
mortality. Also, when smoking cannabis using a joint, a bong or a pipe, people tend to inhale
more deeply and keep the smoke in their lungs longer. These behaviours are meant to expose the
respiratory system to more significant amounts of the psychoactive substances found in cannabis
but also result in increased exposure to toxins and chemicals that can irritate lung tissue. In
addition, cannabis smoking is related to a higher incidence of chronic cough with production of
phlegm, branch stenosis and symptoms that also affect the upper airways, such as pharyngodynia
and dysphonia. In addition, long-term cannabis smoking can worsen respiratory symptoms and
exacerbate chronic bronchitis episodes.
THC can also inhibit the immune system's ability to defend against pathogens, thereby
increasing susceptibility to infections. For example, preclinical studies in rodents and monkeys
have shown that THC is able to suppress the ability of immune system cells and 'immune
messengers' to modulate an adequate immune response against pathogens such as viruses. Also,
in humans, some studies have shown that THC can inhibit the functioning of different types of
immune cells in the lungs, such as T cells and alveolar macrophages, an effect that is able to alter
the immune defences and increase their susceptibility to infections. (Schneider et al., 2021).
A recent study, which focused attention on the lung health risks associated with vaping
cannabis extracts containing high levels of vitamin E (in the form of acetate) used as a thickener,
highlighted that this substance, subjected to heating as it happens in electronic delivery systems, it
can produce carcinogenic alkenes, benzene and toxic ketone gas, chemicals that potentially play a
significant role in the development of widespread lung disease (Kneller et al., 2020).
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Recently the National Institute on Drug Abuse of the United States warned that COVID19
could be a severe danger to populations with substance abuse disorders, including those users of
tobacco and/or cannabis vaping. In countries where cannabis is used legally, such as Canada, the
rates of cannabis use have increased in recent months, especially among the adult population over
the age of 65. The elderly therefore have a higher risk of developing respiratory and cardiovascular
complications, and the prevalence of cannabis smoking in those with COVID-19 could increase
the risk of such difficulties (Osipiuk, 2021).
In conclusion, even if the influence of cannabis use on the respiratory health and immune
profile of COVOD-19 patients is not yet fully defined in the course of this pandemic, it is good to
consider this substance as potentially lethal.
Severe acute respiratory syndrome, caused by coronavirus type 2 infection (SARSCoV-2),
is responsible for COVID-19 disease, and the fourth wave of the pandemic has a significant impact
on the Romanian population. SARS-CoV-2 is the seventh known species of coronavirus to infect
humans. This family of coronaviruses, including SARSCoV, 22 9E, N1_63, 0043, HKU1 and
HERS CoV, causes a wide range of symptoms that can range from common colds to more severe
conditions (Weiss & Leibowitz, 2011), Despite the current availability of vaccines, the SARSCoV-2 delta strain is still spreading rapidly around the world (Galloway et al., 2021) and wreaking
havoc in Romania. To date. Few therapies that block SARSCoV-2 replication and viral production
have been identified. These effects create the need for alternative treatments. SARS-CoV-2 is a
single-stranded RNA virus with a positive sense, which has a coating composed of a lipid bilayer
and four structural proteins that lead to the formation of viral particles.
Spike protein (S), membrane (M) and envelope (E) are viral membrane proteins that serve
to adhere to angiotensin conversion receptors (ACE2) but also to trigger the virion budding while
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recruiting the responsible nucleocapsid protein (N). of developing virions (Hoffman et al., 2021).
Depending on the cell type, the virus can enter after binding to ACE2 receptors, but also
independently (Wang et al., 2021). Upon entering cells, the SARS-CoV-2 genome is translated
into two large polypeptides that are cleaved by two viral proteases, MPro and PLPro (Kneller et
al., 2020), to produce another 15 proteins. Responsible for the synthesis of subgenomic RNAs that
encode another. Cascade production, which will generate ten accessory proteins plus the four
structural proteins. These proteins allow viral replication assembly. And budding (Long, Dogbo
& Vad, 2021).
In a recent study, Long Chi Nguyen, Vlad Nicolaescu, and colleagues tested the antiviral
potential of cannabidiol (CBD, a member of the natural cannabinoid class) in reducing SARSCoV-2 infection (Osipiuk, 2021). CBD is extracted from Cannabis sativa (family Cannabaceae)
and is different from tetrahydrocannabinol (THC) which has a psychotropic effect. Despite
numerous studies and many unsubstantiated claims about CBD-containing products, the biology
of CBD itself is unclear, and the specific targets are largely unknown (Nelson et al., 2020).
6.2.Limitations
However, a CBD drug is already approved by the FDA for the treatment of epilepsy (Abu
Aboud et al., 2016). The results suggest that CBD may block SARS-CoV-2 infection in the early
stages and that CBD administration is associated with a lower risk of SARS-CoV-2 infection in
humans (Long, Dongbo & Vlad, 2021). In addition, the active compound in patients is probably
the metabolite 7-OH-CBD, the same one involved in the treatment of epilepsy.
A Substantial reduction in the risk of SARS-CoV-2 infection by approximately one order
of magnitude in patients taking FDA-approved CBD highlights the potential efficacy of this drug
in combating SARS-CoV-2 infection (Osipiuk, 2021). Another mechanism that contributes to the
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antiviral activity of CBD is the modulation of interferon (both directly and indirectly) after
activation of the host immune response to the viral pathogen (Muthumalage & Rahman, 2019).
Although The study was initially conducted in beta, the authors believe that CBD blocks viral
replication after cell entry and is therefore likely to be effective against mutant viral variants, same
is involved in the treatment of epilepsy. A substantial reduction in the risk of SARS-CoV-2
infection by approximately one order of magnitude in patients taking FDA-approved CBD
highlights the potential efficacy of this drug in combating SARS-CoV-2 infection (Osipiuk, 2021).
Another mechanism that contributes to the antiviral activity of CBD is the modulation of interferon
(both directly and indirectly) after activation of the host immune response to the viral pathogen
(Muthumalage & Rahman, 2019). Although the study was initially conducted in beta, the authors
believe that CBD blocks viral replication after cell entry and is therefore likely to be effective
against mutant viral variants (Osipiuk, 2021). Same is involved in the treatment of epilepsy. A
substantial reduction in the risk of SARS-CoV-2 infection by approximately one order of
magnitude in patients taking FDA-approved CBD highlights the potential efficacy of this drug in
combating SARS-CoV-2 infection (Osipiuk, 2021).
Another mechanism that contributes to the antiviral activity of CBD is the modulation of
interferon (both directly and indirectly) after activation of the host immune response to the viral
pathogen (Muthumalage & Rahman, 2019). Although the study was initially conducted in beta,
the authors believe that CBD blocks viral replication after cell entry and is therefore likely to be
effective against mutant viral variants (Osipiuk, 2021). A substantial reduction in the risk of
SARS-CoV-2 infection by approximately one order of magnitude in patients taking FDAapproved CBD highlights the potential efficacy of this drug in combating SARS-CoV-2 infection
(Osipiuk, 2021). Another mechanism that contributes to the antiviral activity of CBD is the

169

modulation of interferon (both directly and indirectly) after activation of the host immune response
to the viral pathogen (Muthumalage & Rahman, 2019). Although the study was initially conducted
in beta, the authors believe that CBD blocks viral replication after cell entry and is therefore likely
to be effective against mutant viral variants (Osipiuk, 2021).
A substantial reduction in the risk of SARS-CoV-2 infection by approximately one order of
magnitude in patients taking FDA-approved CBD highlights the potential efficacy of this drug in
combating SARS-CoV-2 infection (Osipiuk, 2021). Another mechanism that contributes to the
antiviral activity of CBD is the modulation of interferon (both directly and indirectly) after
activation of the host immune response to the viral pathogen (Anil et al., 2021). Although the study
was initially conducted in beta, the authors believe that CBD blocks viral replication after cell
entry and is therefore likely to be effective against mutant viral variants (Osipiuk, 2021).
Another mechanism that contributes to the antiviral activity of CBD is the modulation of
interferon (both directly and indirectly) after activation of the host immune response to the viral
pathogen. Although the study was initially conducted in beta, the authors believe that CBD blocks
viral replication after cell entry and is therefore likely to be effective against mutant viral variants
(Osipiuk, 2021). Another mechanism that contributes to the antiviral activity of CBD is the
modulation of interferon. (both directly and indirectly) after activation of the host immune
response to the viral pathogen (Anil et al., 2021).
In terms of routes of administration, CBD is available for

external or internal

oral administration (solution or capsules) by inhalation or intranasal administration. Finally,
several studies show that CBD has an acceptable tolerability profile regardless of the route of
administration. However, there are concerns about vapours and smoking. Interesting results were
also obtained by Dr Anii's team, who used a fraction of C. Sativa Arbel strain (FCBD) extract in
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the study, which substantially reduced (dose-dependent) interleukin (IL) -6 and -8 levels. In an
alveolar epithelial cell line (A549). FCBD contains cannabidiol (CBD), cannabigerol
(CBG), tetrahydrocannabivarin (THCV) and multiple terpenes. Treatments with FCBD and an
FCBD formulation using phytocannabinoid standards reduced the expression of 1L-6, 1L-8,
CC Motif Chemokine Ligands (CCL) 2 and 7 and the expression of angiotensin conversion
enzyme (ACE2) in the A549 cell line. FCBD treatment-induced macrophage polarization
(differentiated KG1 cell line) and in vitro phagocytosis and increased CD36 and type II receptor
expression for IgG Fc region (FcyRll). In addition, Dr Wang's team, working under a Health
Canada research license, has developed and tested over 800 new lines and extracts of Cannabis
sativa. They tested the hypothesis that high CBD extracts of C. Sativa can be used to modulate
ACE2 expression in SARS-CoV-2-infected target tissues.
The data suggest that some C. saliva extracts reduce serine protease TMPRSS2, another protein
essential for SARS CoV2 entry into cells ( W a n g e t a l . , 2 0 2 0 ) . However, several issues require
careful consideration before CBD can be considered or even used as a treatment for COVID-19.
Although many formulations containing CBD are available on the European market, they vary
widely

in

purity, quality and

concentration

and

their pharmacokinetic properties

after

administration are mainly unknown. Moreover, after oral administration, CBD is relatively
hydrophobic and forms large micellar structures, which are processed by the liver, thus limiting
the active amount available for tissues and generating a multitude of metabolites. Some
metabolites have the potential to cause pharmacological interactions with other products. CBD
purity is also an essential factor, and this eliminates the likelihood that marijuana will be used as
a possible effective source of CBD with antiviral effects (all in addition to its legal status issues).
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Finally, other means of administering CBD, such as smoking and smoking, raise concerns about
the potential lung damage they can cause.
6.3.Future Recommendations
Future studies will be needed to explore the optimal means of CBD administration, as well as
extensive clinical trials to thoroughly test the potential of CBD as a drug that can help patients
with SARS-CoV-2 infection. These will define the role of CBD in the prevention and treatment of
early SARS-CoV-2 infection, as well as the required concentration, optimal route of
administration and galenic formulation. At the moment, although more data from the literature
show the great potential of this compound until we have more clinical data and marketing
authorizations for products tested and approved in this indication, we recommend to colleagues
the utmost caution in discussions with patients about the possible use of CBD as an alternative
treatment oral an add-on for SARS-CoV-2 infection.
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