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ABSTRACT

Coronavirus disease 2019 (COVID-19) has caused over four million deaths worldwide and continues to affect millions
across the globe. This review aims to provide an overview of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) and the progress made to counter COVID-19 through therapeutics and immunizations. We searched preclinical
and clinical COVID-19 literature published between January 2018 through June 2021 on PubMed. The medical subject
headings used in the literature search were COVID-19, SARS-CoV-2, Treatment, Remdesivir, Cytokine Storm,
Hydroxychloroquine, Epidemiology, Angiotensin-Converting Enzyme 2 Receptor, Vaccines, and Mitigation. There is
credible evidence that shows that the spike protein in the SARS-CoV-2’s structure is crucial for the host to be infected.
It spreads through different modes, primarily through aerosols and carriers. Pathophysiologically, SARS-CoV-2 triggers
a cytokine storm leading to systemic inflammation, which can be fatal. Although treatment with Remdesivir and
Dexamethasone and massive vaccinations have significantly reduced the mortality rate, COVID-19 remains a
significant threat. The emergence of SARS-CoV-2’s different strains, notably the Delta variant, demonstrates that the
COVID-19 pandemic is not over. More vaccine distribution and increased efforts in developing anti-SARS-CoV-2

drugs, social distancing, masking, and practicing good hygiene will be crucial in defeating COVID-19.
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INTRODUCTION

From what began in Wuhan, China, in December 2019 to
one of the worst pandemics of global history affecting
millions, the coronavirus disease 2019 (COVID-19) has
made its indelible mark. As of July 11, 2021, 186,232,998
active cases and 4,027,858 deaths have been confirmed
worldwide.! COVID-19 came from severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2),
which belongs to the family Coronaviridae, genus
Betacoronavirus, and subgenus Sarbecovirus.? It has been
more than a year and a half since SARS-CoV-2 first took
a foothold. Yet, there have not been many reliable, proven,
and effective anti-SARS-CoV-2 drugs to treat COVID-19
patients. This review provides an overview of COVID-19
and highlights the importance of acquiring an evidence-

based treatment to prevent SARS-CoV-2 infection. With
the rapid spread of Delta variant, there is a growing need
for therapeutics to treat COVID-19 patients as the world
continues to face grim consequences.

We utilized PubMed to search literature from January 2018
through June 2021. The studies published in the English
language were selected. The words searched to retrieve
articles from the database included “COVID-19,” “SARS-
CoV-2,” “Treatment,” “Remdesivir,” “Cytokine Storm,”
“Hydroxychloroquine,” “Epidemiology,” “Angiotensin-
Converting Enzyme 2 Receptor,” “Vaccines,” and
“Mitigation.” Preclinical studies, including in vitro and
animal model-based literature, searches were limited to the
most updated studies. Clinical trials, randomized, placebo-
controlled, and double-blind studies were reviewed and
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narrowed down based on most recent dates and large to
moderate sample sizes.

The PubMed search identified over 100 publications
(publications between 2018 and 2021) on the origin of
COVID-19, the modes of transmission, and recent clinical
studies done on the effectiveness of specific therapeutics
in treating COVID-19 patients. The frequency of studies
done on coronavirus increased within the last year due to
the outbreak that occurred in 2019. Early studies showed
the effectiveness of certain types of vaccines for various
viruses. However, the more recent studies focused on
SARS-CoV-2, specifically.

DISCUSSION

The first patient to be infected was a 41-year-old man from
Wuhan, China. He was admitted in December 2019 for
what was believed to be pneumonia. His social history
revealed he worked at a local seafood market.® Soon, the
Wuhan Municipal Health Commission announced a
“pneumonia outbreak” with an unknown etiology. It was
later found out that it was not pneumonia, in fact, it was a
SARS-CoV-2 outbreak.

Structure of SARS-CoV-2

SARS-CoV-2 has a single-stranded, positive-sense
ribonucleic acid (RNA) genome that is about 30 kilobases
and contains 29,891 base pairs. It is surrounded by an
envelope that possesses a viral nucleocapsid. This
nucleocapsid has helical symmetry that is atypical in
normal positive-sense RNA viruses. The virus has a
diameter of 60 to 140 nanometers (nm) and spikes of 9 to
12 nm.

There are four main structural proteins encoded by SARS-
CoV-2—spike (S), membrane (M), envelope (E), and
nucleocapsid (N).* The S glycoprotein is essential for the
virion’s entry into the host through the host receptors.® The
S factor can be further categorized into two subunits, S1
and S2. The S1 subunit has two subdomains—the N-
terminal domain and a C-terminal domain.® These terminal
domains act as receptor-binding domains (RBD).

SARS-CoV-2’s genetic sequencing revealed 27 amino
acid substitutions in the usual 1,273 amino acid length, six
substitutions within the RBD, the site that binds with the
angiotensin-converting enzyme-2 (ACE2) receptor.’
Sequencing of the initial SARS-CoV-2 virus and the later
variants showed 17 nonsynonymous changes within the
open reading frames (ORF) lab, ORFS8, spike gene, and
ORF7. These were also present in familial clusters,
suggesting evolution of the virus during person-to-person
transmission.®

The M protein shapes the virion’s envelope. Whereas the
E protein plays a critical role in the pathogenesis,
assembly, and release of the virus into the host, and the N

protein aids viral genome development outside the host
cells.®

Phases of transmission

The COVID-19 epidemic followed five phases of
transmission (Figure 1).}*° Phase one was controlled
transmission that occurred through travel to the countries
that had infections. Phase two came about through
asymptomatic patients with travel history. Local
transmission was widespread as SARS-CoV-2 mainly
spread to individuals in local areas. Phase three followed
soon. It was marked by community transmission.
Asymptomatic individuals along with symptomatics
started showing COVID-19 symptoms. As SARS-CoV-2
transmission became uncontrollable, phase four started.
During this phase, there was intra- and inter-state
transmission, resulting in an epidemic. Phase five was
finally reached when the outbreak spread to many other
countries.’® On March 11, 2020, the World Health
Organization announced the COVID-19 pandemic.!!
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Figure 1: Phases of coronavirus disease 2019 (COVID-
19) transmission.

Modes of transmission

SARS-CoV-2 can spread through many ways (Figure 2).
The principal mode is through droplets or aerosols when
an individual coughs or sneezes onto other people or
surfaces.'? Fomite transmission is also prevalent. SARS-
CoV-2 has been shown to live on copper, printing paper,
and tissue paper for hours and on cardboards, stainless
steel, plastic, treated woods, glass, and banknotes for
days.*

Another way SARS-CoV-2 can spread is through carrier
transmission.'* Fecal-oral transmission seems plausible as
well, as the SARS-CoV-2 virus was found in stool samples
of infected patients.™®

Pregnancy weakens a woman’s immune system, allowing
her and the fetus to be easily infected.*® A Chinese study
demonstrated that neonates born to infected mothers
showed temperature instability, tachypnea, grunting, nasal
flaring, cough, tachycardia, lethargy, poor feeding,
vomiting, diarrhea, and abdominal distention.*’
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Another critical postulation is the seasonal transmission.
SARS-CoV-2 is most prevalent during the winters and will
gradually decrease as the temperature rises. It has been
reported that an increase of even one degree Celsius can
slow the transmission of SARS-CoV-2 by 13%.1°
Although temperature alone would not decrease
transmission, mitigation measures, such as social
distancing and wearing masks, need to be set to prevent the
spread.’® One other mode is the sexual transmission.
Researchers have detected SARS-CoV-2 in human
semen.!®
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Figure 2: Various modes of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) transmission.

Pathogenesis

The S protein is the primary determinant of how virulent
the SARS-CoV-2 can be. It allows the viral genome to
enter the host through the fusion of the host’s cellular
membrane and the viral membrane.?® The S protein
undergoes priming before binding to the host membrane.
Specific proteases such as furin, trypsin, trans-membrane
protease/serine (TMPRSS), and cathepsins B and L aid the
priming. The presence of multiple proteases provides
SARS-CoV-2 with the ability to form new variants.?%2

It is worth understanding that for the disease to manifest,
SARS-CoV-2 must bind to the two key host receptors —
ACE2 and TMPRSS-2. The ACE2 receptor and TMPRSS-
2 are co-expressed in specific cells, including
macrophages, monocytes, type Il pneumocytes, gut
enterocytes, and nasal goblet cells of the lung, kidney, and
small  intestine.  Interestingly, children  express
significantly lower levels of ACE2 and TMPRSS-2 within
the upper and lower airways. Consequently, the disease

manifests differently when comparing children and adults,
with children experiencing a much milder disease
outcome.? In addition, chronicled individuals who smoke,
have chronic obstructive pulmonary disease, or
hypertension have significantly elevated ACE2 and
TMPRSS-2 receptors levels, are at risk of developing a
severe SARS-CoV-2 infection.?*

The innate immune system responds to SARS-CoV-2
through alveolar macrophages, neutrophils, monocytes,
and dendritic cells inducing systemic inflammation.?
Patients were reported to have elevated leukocytes and
neutrophil count.?® Diabetic patients have increased
monocyte levels, thereby, have a greater chance of
developing more severe COVID-19.%7

The adaptative immune system also responds to SARS-
CoV-2. Patients with moderate to severe COVID-19 were
shown to have lymphopenia in peripheral blood.?® A
cluster of differentiation (CD) 4+ T cells induced humoral
immunity, while CD8+ T cells caused the destruction of
infected host cells.?®

Critically, SARS-CoV-2 induces a “cytokine storm” which
can adversely impact vital organs. It is characterized by
elevated interleukin-1 (IL-1) beta, IL-2, IL-7, IL-8, IL-9,
IL-10, IL-17, granulocyte colony-stimulating factor,
granulocyte-macrophage  colony-stimulating  factor,
interferon (IFN)-gamma, tumor necrosis factor (TNF)-
alpha, induced protein-10, monocyte chemoattractant
protein-1, and macrophage inflammatory protein-1-alpha
and -beta.?®

Clinical manifestation

The clinical presentation of COVID-19 typically includes
high fever, chills, dry cough, organ dysfunction, fatigue,
severe respiratory distress, pulmonary pneumonia, and
inflammation.® Patients may experience loss of taste and
smell.3 Blood chemistry may show leukocytosis,
leukopenia with lymphopenia, and hypoalbuminemia.
Lactate dehydrogenase, aspartate transaminase, alanine
aminotransferase, bilirubin, and D-dimer can be
significantly elevated.®> The lung biopsy has shown
alveolar damage, cellular fibromyxoid exudates, hyaline
membrane formation, and pneumocytes desquamation.®3
The incubation period is between three to six days and
carriers can shed SARS-CoV-2 up to three weeks.*

Management

Ever since the COVID-19 broke out in December 2019, the
medical community played a catchup game. Globally, we
were not prepared to deal with the SARS-CoV-2 as there
was very little known about it, let alone the medical
treatment. However, in such a short period, there have been
remarkable breakthroughs in the therapeutic frontiers and
immunization against SARS-CoV-2. Many experimental
therapies, drugs, and vaccines showing promise were fast-
tracked into clinical trials and granted Emergency
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Authorization Use (EUA) by the Food and Drug
Administration (FDA).

Recombinant soluble ACE2

Recombinant ACE2 competitively inhibits SARS-CoV-
2’s S protein binding with the ACE2 receptors. A phase 2
randomized and double-blind interventional study on
human recombinant soluble ACE2 therapy was successful,
and the results were submitted to ClinicalTrials.gov on
June 7, 2021.3

Convalescent plasma

Convalescent plasma was initially used to treat COVID-19
patients due to its ability to bind and inhibit SARS-CoV-
2’s S protein through neutralizing antibodies.* However,
findings of a Phase 3 clinical trial in Wuhan, China
indicated that the convalescent plasma therapy
administered along with standard treatment showed no
clinical improvement.®

TMPRSS-2 inhibitors

Mice models have shown that the absence of the TMPRSS-
2 gene did not completely allow SARS-CoV-2’s entry.
Camostat mesylate, a TMPRSS-2 inhibitor, partially
blocked the entry of SARS-CoV-2 in lung-derived human
cell lines.3 Still, further clinical research is needed to
determine its efficacy.

Hydroxychloroquine

Hydroxychloroquine, targeting the endocytic pathways of
viruses, gained traction early in the pandemic. However, in
a large-scale study involving 1,542 patients who were
randomly selected to receive Hydroxychloroquine and
3,132 patients under standard care showed no significant
clinical benefit of Hydroxychloroquine.®®

Dexamethasone

Systemic corticosteroids have been shown to reduce all-
cause mortality in COVID-19 patients.>® For example, six
milligrams of dexamethasone once per day for ten days
reduced mortality by one-third in ventilated patients with
severe COVID-19.4°

Remdesivir

Remdesivir is the only drug approved by the FDA to treat
hospitalized COVID-19 patients.*! It is an adenosine
analog that inhibits viral RNA polymerase. A global
randomized clinical trial with 1,062 COVID-19 patients
showed significant recovery in the treatment (Remdesivir)
group (10 days) compared to the placebo group (15 days).
Also, the mortality rate in the Remdesivir group was
significantly lower (6.7%) than the placebo group (11.9%)
by day 15.42

lvermectin

Ivermectin, is being used in many countries such as India,
China, and South Africa for COVID-19. However, the
FDA has only approved it as a broad spectrum antiparasitic
with antiviral activity. An in vitro study demonstrated that
Ivermectin could reduce replication of SARS-CoV-2 in
Vero/human signaling lymphocytic activation molecule
cells.#® Clinical evidence documenting Ivermectin’s
efficacy in treating COVID-19 is still lacking.

Vaccines

Vaccines’ efficacy, effectiveness, and safety have been
quite compelling. There are four types of vaccines being
developed: messenger ribonucleic acid (MRNA) vaccines,
deoxyribonucleic acid (DNA)-based vaccines, peptide-
based vaccines, attenuated or inactivated, and non-
replicating viruses for vaccine generation.*

The mRNA vaccines work by administering an mRNA
strand that codes for the specific virus. This mRNA, which
contains the ORF, is first produced by transcription from a
DNA template and RNA polymerase in vitro.** Then the
mRNA is carried by liposomes (lipid micro-vesicles).*
The ORF within the mRNA serves as an antigen within the
host which triggers the host-immune system. The target
antigen is represented mainly by the S protein. Examples
of MRNA vaccines are Moderna, Pfizer, Abogn, CureVac,
and Univ Oxford.*®

The DNA-based vaccines work through vectors wherein
the SARS-CoV-2 gene is transferred to the host to elicit a
robust immune response. The engineered non-replicating
virus vectors are Chimpanzee adenovirus—AstraZeneca,
Gorilla adenovirus—ReiThera, Human adenovirus—
CanSino, Johnson and Johnson, Acad Mil Med Sci,
Gamaleya Res Inst, and Adenovirus for Nasal Spray—
Beijing Wantai Biol Pharm Enterprise, Acad Mil Sci,
Bharat Biotech, AstraZeneca, and Altimmune.*

Peptide-based vaccines include a synthetic viral peptide or
fusion recombinant peptide that contains the total length or
specific domains of the S, M, and N proteins within SARS-
CoV-2.44 These proteins serve as the antigen against
which the body can mount an immune response. Certain
vaccines are based on the spike protein plus an adjuvant,
including Adimmune, Bektop, Biotechnology Vector, and
Clover Biopharmarm, CoVaxx, Inst Finlay de Vacuna
Vaccine, Cuba, Medigen, Sanofi, and ZFSW Anhui Zhifei
Longcom.*

Lastly, SARS-CoV-2 can be attenuated or inactivated to
inject the human host and mount a robust immune
response. Virus attenuation is achieved by its in vitro
replication in unfavorable conditions. Although these
vaccines are currently being used in some countries, for
example CoronaVac in China and Covaxin in India, there
is limited data on their safety and efficacy.*
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Chronic effects

The COVID-19 pandemic has and will continue to affect
millions of people worldwide. A lot is yet to be found about
its chronic manifestations. One of the chief concerns that
have been highlighted in COVID-19 patients post-
recovery following acute infection is fatigue.*® In a study,
150 patients were followed up at 7, 30, and 60 days after
recovering from COVID-19. After 60 days, 66% of the
adults suffered from anosmia, ageusia, dyspnea, and
asthenia.*’ In addition, some patients were reported to
experience alopecia, cognitive and attention deficits,
anxiety, insomnia, and depression.*®4% More long-term
studies are required to thoroughly investigate and
understand the physiological, pathological, psychological,
and sociological impact of COVID-19 in the future.

CONCLUSION

There is growing concern that with the Delta variant, the
peak of COVID-19 could increase once again. Remdesivir
and Dexamethasone seem to provide the most significant
clinical benefit. There is hope soon many other
therapeutics will be discovered to combat SARS-CoV-2.
Social distancing and mask-wearing remain critical in
limiting disease spread. In addition, as more vaccines are
developed, more people can access and protect themselves
with innate and adaptive immunity. However, with that
comes the question of equality of access. Economic and
financial inequality may impact different countries' ability
to manufacture and acquire therapeutics and vaccines,
putting their citizens at risk. More research endeavors must
be made to determine how access to vaccines affects the
transmission of SARS-CoV-2. Viral diseases, such as
COVID-19, know no borders. The overcrowding and
mixing habitats of humans and animals have brought us to
a crossroad that was never imagined. Through sharing
knowledge, drugs, and vaccines with severely affected
countries, a global alliance must be made to defeat the
COVID-19 pandemic.
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