A Review on Role of Anti-SARS-CoV-2 Monoclonal Antibodies in the Treatment
of COVID-19
By
Sadia Afrin

ID: 16346051

A thesis submitted to the School of Pharmacy in partial fulfillment of the requirements for the

degree of Bachelor of Pharmacy (Hons)

School of Pharmacy
Brac University

February 2022

© 2022. Brac University

All rights reserved.



Declaration

It is hereby declared that
1. The thesis submitted is my own original work while completing degree at Brac University.

2. The thesis does not contain material previously published or written by a third party, except

where this is appropriately cited through full and accurate referencing.

3. The thesis does not contain material which has been accepted, or submitted, for any other

degree or diploma at a university or other institution.

4. 1 have acknowledged all main sources of help.

Student’s Full Name & Signature:

Soudro Afun

Sadia Afrin

ID: 16346051



Approval

The thesis/project titled “Role of Anti-SARS-CoV-2 Monoclonal Antibodies in the Treatment of
COVID-19” submitted by Sadia Afrin (16346051) of Spring, 2017 has been accepted as

satisfactory in partial fulfillment of the requirement for the degree of Bachelor of Pharmacy.



Examine Committee:

Supervisor:

(Member)

Program Coordinator:

(Member)

Departmental Head:

(Dean)

Tanisha Momtaz
Lecturer, School of Pharmacy

Brac University

Namara Mariam Chowdhury
Lecturer, School of Pharmacy
Brac University
Dr. Hasina Yasmin
Professor and Deputy Chair
School of Pharmacy

Brac University

Dr. Eva Rahman Kabir
Professor and Dean
School of Pharmacy

Brac University



Ethics Statement

This study does not involve any kind of animal and human trial.



Abstract

Traditional treatments and symptomatic care are still the only options for most patients as no
therapeutic drug has been licensed for treating COVID-19 yet. Monoclonal antibodies generated
from convalescent patients or humanized mice exposed to SARS-CoV-2 antigens were awarded
emergency use authorization. An ongoing phase I, 11, and Il placebo-controlled trial is testing
whether symptomatic adults can be treated safely and effectively. Casirivimab and imdevimab
may have a therapeutic benefit in people who were seronegative when they received treatment. An
IgG1 (Immunoglobulin G1) with an unaltered Fc region, Bamlanivimab was generated from the
convalescent plasma of a COVID-19 patient. Patients with renal impairment, pregnancy, or
breastfeeding status are not advised to alter their dosages. SARS-genomic CoV-2's organization is

nearly identical to that of SARS-CoV, with the exception of a few genes for accessory proteins.

Keywords: Casirivimab, Imdevimab, Bamlanivimab, SARS-CoV-2, Immunoglobulin G1,

Placebo-controlled trial.
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Chapter 1

Introduction

1.1. Background

A new coronavirus linked to severe acute respiratory syndrome (SARS-CoV-2) was reported early
in December 2019, and since then, worldwide morbidity and mortality have continued to rise.
There are also reports of re-infections as well (Tillett et al., 2021). There has been a huge amount
of work to come up with an effective treatment for COVID-19, but no drug has been approved to
handle COVID-19. Traditional treatments and symptomatic care are still the only options for most
patients in many countries, even though multiple vaccines have been granted EUA in various
nations. It has been proven yet again that we are powerless to combat this disease with our current
treatments after the findings of the WHO solidarity trial (Pan et al., 2021). In addition to a reliable
vaccine, new therapeutic methods are now an important requirement in the fight against this

pandemic.

Viral infectious disorders have previously been successfully treated using immunotherapy, such
as vaccines or antibody treatment, etc. There is a good chance that plasma or hyperimmune
immunoglobulin from patients who have already been infected with influenza, SARS, MERS, and
Ebola will help cut down on the viral load and subsequently reduce disease mortality (Winkler &
Koepsell, 2015). In contrast, monoclonal antibodies (mAbs) work as a passive immunotherapy, so
it is possible to cure particular diseases with monoclonal antibodies (mAbs). Since mAbs are
identified from infected patients' blood or produced in the laboratory, they are significantly more
specific, exact, and safe than standard convalescent plasma therapy (Wang et al., 2020). Though
Covid-19 vaccine is invented, but it is not 100% effective still now. Because of this, the best way
to fight this pandemic is to get a safer and more effective COVID-19 vaccine, however mAbs can

help in places like care homes and areas where infection spreads quickly (Marovich et al., 2020).



1.2. The coronavirus disease 2019 (COVID-19)

There were cases of pneumonia in Wuhan, China, in December 2019. The new coronavirus SARS-
CoV-2 was found to be the cause. COVID-19 is the medical term for the condition produced by a
novel coronavirus (Wang et al., 2020). One of the largest families of viruses, the Coronaviruses
(CoVs) have a wide range of phenotypical and genotypical variations. In the Orthocoronavirinae
subfamily, CoVs are single-stranded positive-sense RNA enveloped viruses that can cause
sickness in birds, mammals, as well as humans. In the virus genome, respectively structural and
non-structural proteins are made, is around 27-32 kb in length. Structure proteins including
membrane, envelope, nucleocapsid and spike proteins are critical to virus entrance and
reproduction in the host cell, respectively. Two highly virulent zoonotic coronaviruses, SARS-
CoV and MERS-CoV, have caused substantial outbreaks and mortality in a number of countries.
After MERS-CoV and SARS-CoV, SARS-CoV-2 is the third extremely virulent human
coronavirus infection to be discovered in the recent two decades. SARS-specific CoV-2's origins,
animal reservoir, and enzootic transmission patterns are all unknown, despite the widespread belief

that bats are to blame (Shanmugaraj et al., 2020).

COVID-19 symptoms have been described as moderate to life-threatening, depending on the
individual. The symptoms, which include fever, cough, shortness of breath, and pneumonia,
typically develop 2-14 days after virus exposure. Respiratory, hepatic, gastroenterological and
neurological problems might lead to death in the more severe forms of the disease. Human-to-
human transmission of COVID-19 is thought to occur by respiratory droplets or direct contact with
infected individuals (Gralinski & Menachery, 2020). The virus has spread to more than 20 nations
in a short time, and as of February 18, 2020, about 73,000 cases of COVID-19 infection and 1,870
deaths had been reported. COVID-19-related infections and deaths are increasing on a daily basis.
In an effort to combat coronavirus infection, there have been significant efforts. An important part
of the research has been devoted to discovering antiviral compounds that target the spike protein
during viral entry, as well as their potential to stimulate the host immune system and elicit

protective antibodies from those who are infected with the virus (Shanmugaraj et al., 2020).



1.3. Monoclonal antibody definition and production

B cells, a kind of lymphocyte, are the primary source of monoclonal antibodies. This cell type
cannot be cultured for an extended period of time because of its limited capacity for growth in cell
culture. This means that there are distinct ways to run and make cell lines depending on B cells.
For immunodiagnostic reasons, monoclonal antibodies derived from mouse lymphocytes are most
commonly utilized. Therapeutic antibodies against SARS-CoV-2 can be generated by using human

cells, particularly those from convalescent patients, as COVID-19 patients (Henderson, 2020).

In order to make certain mouse monoclonal antibodies, the most common way to make them is to
fuse splenic cells from mice that have been immunized with SARS-CoV-2 proteins as well as
mouse myeloma cell lines with fusing media like Polyethylene glycol (PEG). For
immunodiagnosis, mouse monoclonal antibodies are mainly employed (Tabll et al., 2021).
Plasmids expressing human IgG1 heavy chain as well as Ig Kappa light chain are required for the
development of recombinant therapeutic mAbs that could be used in the treatment of patients with
autoimmune diseases. For efficient antibody production, the interleukine-2 signal sequence is
included on both plasmids. They are then purified by using Protein-A affinity chromatography to
remove the antibodies made in HEK-293T cells that aren't made in the same way as the original
human antibodies (Wang et al., 2020).

1.4. The First Generation of Antibodies—Hurdles for Global Access

It has become clear that a mix of mAbs or broadly cross-reactive single mAb products are needed
to respond to fast emerging SARS-CoV-2 variants of concern (VOCs). SARS-CoV-2 anti-
neutralizing antibody solutions have been developed and certified for emergency use in a short
period of time, however ensuring global access and uptake has proved difficult. First-generation
mADb treatments require high doses supplied intravenously (1V), increasing production and
delivery costs as well as the pressure on already overcrowded health care systems. We must
overcome these challenges if mAbs are ever going to become accessible to patients with mild to
moderate COVID-19 disease in outpatient clinics. MAb products can be beneficial in treating the
early stages of infection if they are detected and linked to care quickly; regrettably, these systems

are still lacking in resource-limited areas. In order to make these and other early-infection



treatments more widely available and effective, People who are infected with SARS-CoV-2 need
to get better at getting early diagnoses and getting mAbs into their treatment options (Monoclonal
Antibodies For COVID-19 Are A Potentially Life-Saving Therapy: How Can We Make Them More
Accessible? | Health Affairs, n.d.).

Priority medicines, which have proved efficacy and safety in resource-constrained settings, need
to be expedited through the adoption of collaborative regulatory approaches across national
regulators. As an example of how this might operate, the Ebola vaccine Ervebo received
conditional approval from the European Medicines Agency (EMA) and was approved for use in
multiple African countries within a few months. World Health Organization (WHO), European
Medicines Agency, Food and Drug Administration (FDA), Merck, African Vaccines Regulatory
Forum, and several African governments worked together to speed up prequalification and
coordinate regulatory review in affected countries (Monoclonal Antibodies For COVID-19 Are A
Potentially Life-Saving Therapy: How Can We Make Them More Accessible? | Health Affairs,
n.d.).

1.5. Aim

The aim of this review is to better understand how anti-SARS-CoV-2 monoclonal antibodies are

being used in clinical studies to combat the pandemic and treat COVID-19.

1.6. Rationales of the study

The epidemic of novel coronavirus-2 (nCoV-2) has been called a pandemic and a global public
health crisis by the WHO. People all over the world are working to fight it. It's a dynamic scenario
that's always evolving (Dong et al., 2020). According to WHO, COVID-19 has been detected in
402,044,502 persons over the world, resulting in 5,770,023 deaths. To begin, the purpose for
selecting this research was to gain a better understanding of nCoV-2 biology and the epidemiology

of the novel coronavirus disease-19 (COVID-19).

Secondly, the virus's expected basic reproduction number is far higher than that of many other

infectious diseases, potentially causing overcrowding in healthcare facilities, even in the most



developed countries. Around 20% of cases result in clinically significant and complex diseases.
Adults over 60 years of age with co-morbid diseases are the most vulnerable group, with occasional
sporadic incidences of serious illness in younger people (Hasan et al., 2020). In this article, the
present COVID-19 situation in Bangladesh is described, along with some advice for how the
country should tackle the pandemic. The present COVID-19 scenario has been articulated in this

write-up, along with some proposals for how the world can battle this pandemic.



Chapter 2

Research Methodology

The first step in this review was to read an abundant number of academic literature on the topic.
Detailed literature searches were conducted to gather all of the data that went into this review. This
review paper's citation was done in Mendeley by Elsevier, as required. The following is a list of

some of the many databases that were thoroughly searched for the current study-

e Research Gate

e PubMed

e Google Scholar

e Academic journals
e Chem-med

e Science direct



Chapter 3

Neutralizing monoclonal antibodies for the treatment of COVID-19

3.1. Neutralizing monoclonal antibodies

Neutralizing monoclonal antibodies (mAbs) that can be used in an emergency to treat COVID-19
were made by people who were healthy or by mice that had been exposed to antigens from the
coronavirus 2 that causes severe acute respiratory syndrome (SARS-CoV-2). On the other hand,
mMABSs can be created in a variety of ways, including from vaccinated persons. The paths indicated
below converge throughout the selection and production stages for monoclonal antibodies (Taylor
et al., 2021).



3.2. Mechanism of action of monoclonal antibodies for viral infection and antibody-
dependent enhancement
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Figure 1: Mechanism of action and antibody-dependent enhancement of antiviral monoclonal
antibodies (Taylor et al., 2021).



Monoclonal antibodies have a number of direct effects on viral pathogenesis (fig. 1; upper part).
To start with, a neutralizing antibody can be attached to the virion. This can stop the virion from
binding to and/or fusion with the cell. Additionally, Antibody binding makes virions and infected
cells opsonized, which makes them easier for phagocytes to take. Monoclonal antibodies can help
target cells die if viral proteins get into their membranes during viral egress. Complement fixation
and activation of the membrane attack complex (MAC) or antibody-dependent cytotoxicity are
two ways this can happen. Apoptosis or necrosis may occur as a result of these processes (Taylor
et al., 2021).

Sometimes, opsonization of a virus might make it more dangerous because of a process called
"antibody-dependent enhancement™ (ADE) (fig. 1; bottom part). ADE can also be caused by one
of the two ways. To start with, antibodies that are specific to a disease may help people get sick
because they help viruses get into and grow in immune cells that have the Fc receptor (FCR). There
are two ways that ADE can happen: First, the immune system can become more active because of

Fc-mediated effects or because of the formation of immunological complexes (Lee et al., 2020).



Chapter 4
Monoclonal antibodies for COVID-19

SARS-CoV and SARS-CoV-2 include a significant antigenic epitope in the form of the S protein,
which binds to the cell surface ACE2 receptor on respiratory, gastrointestinal, and endothelial cells
to promote binding and fusion (Wan et al., 2020). Antibodies to the virus's S protein can prevent
the virus from binding and merging with host cells. Recovered patient plasma or humanized
murine technology have been used to create mAbs that specifically target the RBD of the S protein
(Wu et al., 2020).

4.1. Neutralizing monoclonal antibodies inhibit target cell interaction of SARS-CoV-2

MADbs against anti-COVID-19 attack the RBD of the spike protein (S) of coronavirus 2 associated
with severe acute respiratory syndrome (SARS-CoV2) (fig. 2). MADbs that target anti-RBD mAbs
inhibit the S protein’s interaction with ACE2 on host cells by blocking the binding of the protein
to its corresponding receptor (ACE2) (fig. 2). In case of COVID-19, the FDA granted three mADb
regimens to use. Dissociation constants Kp of 46 and 47 pM distinguish the binding of casirivimab
and imdevimab to different RBD epitopes. S protein RBDs are targeted by imdevimab and
casirivibb, respectively, from the front or lower-geleft side, while the spike-like loop is targeted
by casirivibb Bamlanivimab has a dissociation constant (Kp) of 71 pM for the dissociation of
approximately 7 of the approximately 25 side chains discovered to make contact with ACE2 in its
open and closed confirmations. Bamlanivimab and etesevimab both recognize separate but
overlapping epitopes in the RBD of SARS-S CoV-2's protein. Etesevimab has a dissociation
constant Kp of 6.55 nM for binding to the RBD in the up/active conformation; it has the LALA

mutation in the Fc region, which results in no effector action (Taylor et al., 2021).

10
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Figure 2: Neutralizing monoclonal antibodies inhibit SARS-CoV-2 target cell engagement (Taylor
et al., 2021).

4.2. Treatment with REGN-COV2

REGN-COV2 consists of two highly effective neutralizing antibodies: casirivimab as well as
imdeviab. They work together to make a powerful team. Antibodies from humanized mice and
people who had COVID-19 were used to find these two mAbs. They were selected from a pool of
around 200 neutralizing monoclonal antibodies derived from thousands of antibodies (Hansen et
al., 2020). An antibody clings to the RBD in two places that are unique and don't touch each other
(Baum et al., 2020). A change in the S protein of SAR-CoV-2 isn't likely to affect both antibodies
at the same time, so they were paired together. After extensive laboratory testing, it was determined
that this combination was capable of neutralizing all known S protein mutations (Baum et al.,
2020). In the lab, the combination of casirivimab and imdevimab led to cytotoxicity and
phagocytosis in virus-infected cells. On rhesus macaques and golden hamsters, this medication

was evaluated, both of which had mild and severe illnesses, as a way to see how it worked (Baum
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et al., 2020). Compared to a placebo, both casirivimab and imdeviab cut down on the number of

viruses in the body and cut down on the number and severity of lung illnesses.

Casirivimab and imdevimab patients were less likely to have COVID-19-related medical visits,
according to a key clinical end objective (2.8% for pooled doses versus 6.5% for placebo). In post-
hoc investigations, individuals treated with casirivimab or imdevimab had fewer COVID-19-
related hospitalizations and emergency department visits, compared to placebo-treated patients
(2% vs 4%). Patients with a higher likelihood of progressing to severe COVID-19 or
hospitalization saw the greatest absolute risk reduction from casirivimab and imdevimab compared
to placebo (3% vs 9%). Regeneron's EUA for casirivimab and imdevimab in November 2020 in

the United States was strengthened by these findings (Taylor et al., 2021).

4.3. Bamlanivimab Monotherapy

Bamlanivimab is an 1gG1 antibody with an unaltered Fc region that is very good at neutralizing
COVID-19. Plasma from a COVID-19 patient was used to make this antibody (Chen et al., 2021).
With Bamlanivimab, the RBD of the S protein is filled, which means this antibody could be used
as a single treatment. In the past, monotherapy with neutralizing mAbs (like MAb114 for Ebola)
has been shown to be very good at getting rid of the virus (Mulangu et al., 2019). Bamlanivimab
didn't work at concentrations as low as 100-fold lower than the dose needed for half of the
response. It didn't work in primary human macrophages or immune cell lines that had been exposed
to the SARS-CoV-2 virus. Rhesus macaques were given bamlanivimab 24 hours before they were
given a virus to see if it worked as a preventative. As expected, the inoculation-induced drop in
viral load and replication in the respiratory tract after treatment showed the medication’s ability to
fight infections (Jones et al., 2021).

People who had mild to moderate COVID-19 symptoms and a positive nasopharyngeal swab for
SARS-CoV-2 were enrolled in the ongoing phase 11/111 BLAZE-1 study (NCT04427501). They
received a single outpatient dose of bamlanivimab (700, 2,800, or 7,000 mg) or a placebo. An
interim study was done on 452 patients who had reached day 11 after their infusion (median age
45-46; 13% are 65 or older; 88% are white, 6% black, and 68% are at high risk). This study looked

at how well the patients were doing (e.g. elderly, obese or suffering from underlying chronic

12



medical issues). It was found out how long it took for the virus to be cleared by the body's own
immune system and how quickly it was cleared when a neutralizing mAb was given. This led to a
better clinical response (Chen et al., 2021). A new collaboration between home health research
and nasopharyngeal swabs was used to find out how many viruses were in the blood after
intravenous infusions. It started to drop on day 3 compared to baseline (—0.85 for placebo versus
—1.35 for pooled bamlanivimab doses), and it kept going down on day 7 (—2.56 for placebo versus
—2.90) and day 11 (—3.47 for placebo versus —3.70) after the treatment, which means that it
worked. This risk was even greater for the elderly and those who were obese. Bamlanivimab's
clinical effectiveness was shown by two secondary goals. People in the placebo group were
hospitalized with COVID-19 at day 29, but only 1.6 percent of people in the bamlanivimab dosage
pooled group were. In a post-hoc analysis, 15% of patients 65 years of age or older or with a BMI
of 35 kg m-2 or more were hospitalized in the placebo group and 4% in the pooled bamlanivimab
group, which was made up of both groups. For people who had risk factors, the absolute risk of
being hospitalized went down more. Second, the bamlanivimab doses that were pooled worked
better than placebo from day 2 to today. There is a good chance that bamlanivimab monotherapy

will be approved for use in the US and Canada in November 2020 (Taylor et al., 2021).

4.4. Bamlanivimab and Etesevimab

This 1gG1 with a modified Fc region, which has no effector activity, was examined in combination
with etesevimab in other treatment groups of the BLAZE-1 experiment (Shi et al., 2020). When
compared with a placebo on days 3-11, the viral load was significantly reduced with the
combination of etesevimab and bamlanivimab (Gottlieb et al., 2021). Hospitalizations for COVID-
19-related illnesses were reduced in persons treated with bamlanivimab and etesevimab compared
to those who received placebo medication (5.8% for placebo reduced to 0.9% for bamlanivimab
together with etesevimab). It was found that high-risk ambulatory patients who took both
Bamlanivimab and Etesevimab had a 70% lower chance of dying from COVID-19-related causes
when they took the drugs, which were given to 1,035 people in a placebo-controlled phase 111 study
(7.0% for placebo reduced to 2.1% for bamlanivimab together with etesevimab). European
Medicines Agency authorization for two new drugs was given in light of these findings (Gottlieb
et al., 2021).

13



4.5. Sotrovimab

An unpublished study for sotrovimab also indicates a decrease in hospitalization and death.
Sotrovimab or placebo were given to 583 non-hospitalized persons with risk indicators for severe
disease or age above 55 years old in the study. 1% of the treatment group and 12.7% of the placebo
group experienced a reduction in total hospitalizations and deaths. The placebo group was
responsible for a single death in this research. This study's complete findings have not yet been
published and cannot be examined at this time. EUA for sotrovimab is a single 500-mg intravenous
dose (Brobst & Borger, 2021).

14



Chapter 5

5.1. Therapy with monoclonal antibodies for severe COVID-19 disease

Patients with severe COVID-19 are currently being studied for neutralizing mAbs. The REGN-
COV2 hospitalized patient trial is currently enrolling patients with or without oxygen
supplementation. Casirivimab and imdevimab medication may have a therapeutic benefit in people
who were seronegative when they received treatment (Taylor et al., 2021). For patients with severe
viral infection, rapid viral clearance alone is not sufficient, as indicated by prior studies looking at
CPT or neutralizing mAbs (such as COVID-19). Other variables, including an overactive immune
response, contribute significantly to the development of sickness in this patient population. In
patients with severe disease, the etiology is primarily postviral or periviral, and clinical condition
is uncoupled from viral load, although early illness seen in outpatients is almost certainly viral in
nature (Taylor et al., 2021).

5.2. Monoclonal antibody therapy-related adverse effects.

COVID-19 monoclonal antibody therapy had the same risk of treatment-related side effects as a
placebo. In RCTs, the most common side effects were vomiting, diarrhoea, dizziness, and nausea.
On the other hand, patients who experienced an infusion-related reaction of grade 2 or higher
within the first four days of treatment were given casirivimab and imdevimab instead of the usual
placebo (Weinreich et al., 2021). One patient had bamlanivimab monotherapy, another received
bamlanivimab and etesevimab combined, and a final patient received placebo in BLAZE-1's phase
Il section and experienced an infusion-related response. The majority of side effects occurred
during infusion and were of a mild to moderate degree, with no apparent connection to dose. In
vitro studies show that neutralizing mAbs have no effect on the ability of SARS-CoV-2 to infect
immune cells. According to the existing clinical evidence, these treatments do not appear to boost
immunological responses in a way that is consistent with ADE2. SARS-CoV-2 infection is
treatable with both modified and modified plus unmodified mAbs, which suggests that ADE may
have little effect on clinical results (Gottlieb et al., 2021).
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5.3. The role of monoclonal antibodies in SARS-CoV-2 immunodetection

When it comes to detect SARS-CoV-2, monoclonal antibodies are crucial tools. Despite the fact
that molecular biology is widely employed in the diagnosis of COVID-19, it cannot be used to
evaluate the progress of COVID-19 or to identify previous infections and humoral immunity
(Khalaf et al., 2020). Rapid and simple tests based on immunity have become increasingly popular
as a result of the current diagnostic approaches’ limitations. In term of diagnosing a disease, RT-
PCR is one of the most reliable and accurate methods, but it can only tell you whether or not a
patient has been infected with a certain virus at a given time. Immunological testing, on the other
hand, have a number of advantages (rapid, sensitive, specific, safety reagents, qualitative or
quantitative determination). Testing for SARS-CoV-2 antibody responses can distinguish between
those who have been infected for a long time and those that have only recently been infected.
COVID-19 epidemiology, vaccine development, and immune response all benefit from their
presence. Immunoassays can also be used to measure an analyte's concentration using components
of the immune response, such as an antigen (analyte) that reacts with an antibody (analyte) (Chen
et al., 2021). When using enzyme-based immunoassays, monoclonal antibodies are used to find
the antigen. There is a possibility that this antigen is present in bodily fluids (Oropharyngeal swab,
saliva, sputum, blood, urine, stool). Monoclonal antibodies were recently employed in an
immunological assay to identify SARS-CoV-2 proteins. Monoclonal antibodies against the SARS-
CoV-2 virus can identify multiple forms of N protein or S protein as targets (S1, S2). SARS-CoV-
2 nucleocapsid protein monoclonal antibodies may serve as a foundation for a quick antigen
detection test in the near future (Tabll et al., 2021).

Currently, there are a number of immunoassay techniques that have been approved or are seeking
approval, and their variety and inventiveness could enhance the number of ways in which
infections can be detected in clinical specimens. Detection of SARS-CoV-2 antigens in biological
samples, such as nasopharyngeal secretions, can be done quickly employing viral antigen-targeting
techniques. A lot of work has been done to create these tests. SARS-CoV-2 antigen detection using
rapid antigen assays has been proposed and is now the approach most frequently used (Tabll et al.,
2021). Itis possible for patients with high viral loads at the onset of infection to benefit from quick
antigen detection (Weitzel et al., 2021).
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A novel rapid antigen detection test (RDT) on transport medium can detect SARS-CoV-2 antigens
in NP and OP swabs from suspected COVID-19 infections. An alternative to the real-time
polymerase chain reaction (RT-PCR) is the SARS-CoV-2 antigen fluorescence
immunochromatographic assay (Bioeasy Biotechnology Co., Shenzhen, China). 93.9% of the
time, RDT assays are able to achieve both sensitivity and specificity. Antigen detection (AD) tests
based on monoclonal antibodies are less time-consuming and less costly. One automated AD test
(VITROS) was recently put up to the clinical performance of five different AD tests, including 4
rapid AD (RAD) tests (biotical, Pan-bio, Healgen, and Roche). Patients with larger viral loads can
be identified with higher RT-PCR positivity rates because of the study's findings, which show that
the RAD tests perform more modestly. Because of the sensitivity, some samples with high viral
loads were missed, with a range of 93.1 to 96.6%. The sensitivity and specificity of the VITROS
automated assay are both 100%. Hence, the VITROS assay is entirely matched with the RT-PCR,
which may give an easier, faster, and cheaper way to the detection of SARS-CoV-2 contagious

patients as compared to RAD testing (Favresse et al., 2021).

5.4. Monoclonal Antibody Therapy for COVID-19 in Children: Suggested Criteria

5.4.1. Monoclonal antibodies for post-exposure prophylaxis

On September 9" and September 16™, 2021, the FDA updated and expanded the EUAs for
casirivimab/imdevimab and bamlanivimab/etesevimab to include post-exposure prophylaxis
(PEP). At least 40 kg in a kid between the ages of 12 and 17 is required to be a candidate for PEP,
as is an increased risk of severe COVID-19. Those who are eligible for PEP must additionally

meet the following requirements:

e For example, those with immunocompromised conditions, particularly those taking
immunosuppressive drugs, must not be fully vaccinated or anticipated to create an effective
immune response to complete SARS-CoV-2 immunization (Minnesota Departement of
Health, 2021).
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e SARS-CoV-2 infection was acquired by close contact with a person infected with the virus,
as defined by the CDC, or the individual must be at high risk of exposure to a person
infected with the virus due to the presence of SARS-CoV-2 infection in other individuals
at the same facility (for example, group homes, shelters, etc.). Bamlanivimab/etesevimab
can be used for post-exposure prophylaxis in children younger than 12 years old on
December 6", 2021, when the EUA was expanded to encompass this age group.
Casirivimab/imdevimab can be administered either intravenously or subcutaneously for
pre-exposure prophylaxis (PEP). Only intravenous infusion of bamlanivimab/etesevimab
has been approved; it is not permitted for subcutaneous administration. Pre-exposure
prophylaxis (PEP) using monoclonal antibodies is not a substitute for vaccination, and it is

not approved for this purpose (Minnesota Departement of Health, 2021).

5.4.2. Utilization of monoclonal antibodies in hospitalized patients

Each of the three monoclonal antibodies currently authorized for the treatment of COVID-19 is
indicated for use in outpatients or patients who are hospitalized for reasons other than COVID-19

treatment.

COVID-19-infected patients aged 2 and older may be treated with bamlanivimab/etesevimab,
however casirivimab/imdevimab and sotrovimab are not permitted. There are no approved
treatments for COVID-19-related comorbidities that necessitate the use of one or more of these
three monoclonal antibody therapies, regardless of the patient's age, regardless of whether or not

the underlying comorbidity is COVID-19-related or not (Minnesota Departement of Health, 2021).
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5.5. Dosing
5.5.1. Bamlanivimab-Etesevimab

v"In accordance with the FDA's fact sheet, an IV infusion of 700 mg of bamlanivimab and
1400 mg of etesevimab over 60 minutes has been approved. When 1V delivery isn't an
option or would cause a delay in therapy, a subcutaneous injection can be used instead.

v" Bamlanivimab-etesevimab should be administered within 10 days of the onset of
symptoms.

v'If a patient is pregnant or nursing, no dose changes should be made because of renal or
hepatic impairment (Brobst & Borger, 2021).

5.5.2. Casirivimab-Imdevimab (REGEN-COV?2)

v According to the FDA's data sheet, a single intravenous infusion of 600 mg casirivimab
and 600 mg imdevimab administered over 60 minutes is the maximum dosage allowed.
When intravenous delivery is unavailable or would delay treatment, subcutaneous injection
is an option.

v’ Casirivimab-imdevimab should be administered within 10 days of the onset of symptoms.

v’ Patients with renal impairment, pregnancy, or breastfeeding status are not advised to alter
their dosages (Brobst & Borger, 2021).

5.5.3. Sotrovimab

v" According to the FDA fact page, a single intravenous infusion of 500 mg of sotrovimab
administered over 30 minutes is the maximum dosage permitted. Subcutaneous
administration of Sotrovimab is not permitted.

v" Within 10 days after symptom onset, Sotrovimab should be administered.

v’ Patients with renal impairment, pregnancy, or breastfeeding status are not advised to make

any dose modifications (Brobst & Borger, 2021).
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5.6. High-risk conditions

e Owing one's age (for example, aged 65 years or older).

e Bamlanivimab/etesevimab is only available to children under 1 year of age at this time.

e When a person's body mass index (BMI) exceeds 25 kg/m2 (for adults) or 85th percentile
for their age and gender (for children aged 12-17), they are considered obese or overweight.

e Pregnancy.

e Kidney disease that is both chronic and progressive.

e Diabetes.

e A sickness or treatment that suppresses the immune system.

e Hypertension or cardiovascular disease (including congenital heart disease)

e When it comes to long-term lung conditions such as respiratory illnesses such as COPD,
asthma and interstitial lung disease, cystic fibrosis is among the most common.

e Patients with sickle cell disease.

e The presence of medically complex illnesses, such as neurological problems (such as
cerebral palsy) (for example, genetic or metabolic syndromes and severe congenital

abnormalities) (Minnesota Departement of Health, 2021).

5.7. Risk In Leukemia patients

A high risk of death and severe disease from COVID-19 exists in people with acute leukemia, both
in adults and children (Meena et al., 2021). Patients with SARS-CoV-2-infected leukemia may
also have a bad prognosis if treatment is delayed or halted, especially in severe forms of leukemia
(Hurt & Wheatley, 2021).

In this case, the patient was complaining of a high fever, severe bone pain, and internal bleeding
(petechiae and spontaneous ecchymosis). Mild non-regenerative normocytic anaemia (105 g/I) was
found as was moderate thrombocytopenia (86 x109/I) and normal neutrophil counts in the patient's
blood. A tertiary care facility was then recommended for the patient (Avanzato et al., 2020). Large
numbers of medium-sized blast cells with a high nucleocytoplasmic ratio and non-granular
cytoplasm were seen in bone marrow aspirates. 10% of CD19*, cCD79a", cCD22*, and CD10"
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cells co-expressed monocytic markers in an unclear lineage leukemia (MPO, CD14, CD64, CD33).
The complicated karyotype 46, XX, -10, -12, -17, -21, +4mar/46, XX was discovered through
cytogenetic research. BCR-ABL1, ETV6-RUNX1, TCF3-PBX1 and TCF3-HLF fusions, KMT2A
rearrangements, and chromosome 21 amplification were all shown to be negative by fluorescence
in-situ hybridization investigation. A fusion of AF15 and ZNF384 was discovered using multiplex

ligation-dependent probe amplification (Saultier et al., 2022).

Real-time polymerase chain reaction (RT-PCR) results showed that the patient was infected with
SARSCoV-2 shortly after admission (RTPCR; multiplex TagPath COVID-19; ThermoFisher
Scientific, Waltham, MA, USA. There were no COVID-19 respiratory symptoms despite the
patient's fever. The ground-glass opacity on the computed tomography (CT) scan was modest
(Avanzato et al., 2020). Her sister and both parents tested positive for SARS-CoV-2, which
suggests that the patient was infected with COVID-19 through family transmission. The patient's

mother developed COVID-19 symptoms when she was pregnant.

The anti-SARS-CoV2 mAbs bamlanivimab and etesevimab were given to the patient in
conjunction to lessen the chance of a severe form of COVID-19 (off-label) (off-label). Experts
from the French drug authority (ANSM) and the manufacturer were engaged in making this
determination (Eli Lilly). The patient was administered 700 mg of bamlanivimab (about 25 mg/kg)
and 1,400 mg of etesevimab (about 50 mg/kg) the day after admission (adult doses).
Corticosteroids were then started three days following the mAbs infusion, as the COVID-19
medicine was well tolerated. SARS-CoV-2 nucleocapsid antibodies were not identified, indicating
that the patient had not acquired a natural immune response to the virus. (Abdul-Jawad et al.,
2021). An extraordinarily high blood levels of anti-spike antibodies that were neutralizing after
the injection (i.e., infused mAbs) were detected. There was no need to provide more mAbs because
the antibodies were still high enough that they didn't need it. Within 10 days of the mAb injection,
the virus had been eradicated, and no recurrence had been recorded over the course of the
subsequent >10week follow-up (Hurt & Wheatley, 2021).

Induction chemotherapy included corticosteroids, vincristine, daunorubicin, pegaspargase, and
triple intrathecal chemotherapy as per established protocols for acute lymphoblastic leukemia. In
addition, a single dosage of rasburicase was administered to the patient to treat a minor form of

tumour lysis syndrome associated with elevated levels of serum uric acid. During the period of 15-
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42 days, aplastic angiogenesis was observed (neutrophil count nadir of 50/mm3). There were no
serious issues. Immediately following the completion of induction chemotherapy, the patient was

declared free of disease. Consolidation training was given to the patient (Avanzato et al., 2020).

Patients with hematological malignancies have a higher risk of viral evolution, viral clearance
impairment, humoral response change, T-cell exhaustion, and prolonged virus release (Meena et
al., 2021). Treatment for patients with COVID-19 acute lymphocytic leukemia must be postponed
or interrupted, both of which increase the chance of developing a severe SARS-CoV-2 infection
(Vijenthira et al., 2020)

A patient with high-risk leukemia may be able to tolerate mAbs for the treatment of SARS-CoV-
2 infection, according to these findings. Induction therapy was completed without any delays or
interruptions, and the patient was in complete remission at the end of the treatment. The
combination of high-risk haematological malignancy and COVID19 may arise in places where
COVID-19 is on the rise (Gallian et al., 2020).
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Figure 3: The evolution of the clinical, haematological, immunological, and viral parameters over

the course of treatment (Saultier et al., 2022).

Time for the monoclonal antibodies to be injected: The red arrow shows when to do this. The

timeline of when steroids and chemotherapy are given to people with leukemia is shown in purple
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and orange (fig. 3; top part). A kit called Anti-SARS-CoV-2 QuantiVac (1gG) [Euroimmun,
Lubeck, Germany] was used to (fig. 3; middle part) out how many anti-S1 antibodies there were
in each ml of blood. In this case, an Access SARS-CoV-2 IgG Il Reagent Kit [Beckman Coulter
Brea, CA, USA (arbitrary units per ml)] was used to check for antibodies against RBD. Viral
neutralizing titers were measured. Results for SARS-2 CoV-2 from samples of nasal mucus
(multiplexed TagPath COVID-19, ThermoFisher Scientific, USA) are shown (fig. 3; bottom part).

Positive and negative tests are marked with red and green dots (Saultier et al., 2022).
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Chapter 6

Challenges

The efficacy of monoclonal antibodies is challenging to prove in clinical trials. Since most people
with an early infection recover, obtaining the clinical end points necessary to demonstrate a benefit
over a placebo is challenging to do so successfully. Viral replication may not be as essential as
inflammation and coagulopathy in patients with more severe disease, making it difficult to show
improvement. Individuals with a high enough risk of infection must be found for monoclonal
antibody prevention trials in order to establish that the treatment prevents symptoms of infection
(Corey et al., 2020). This pandemic of COVID-19 will necessitate an adaptable clinical research
infrastructure that can quickly provide monoclonal antibodies for persons or places at high risk of
infection. Insufficient production of monoclonal antibodies is another concern. EXxisting
commercial production capability is expected to produce millions of doses per year, however this
will be decided by the required quantity and may differ for preventive and therapeutic purposes
(Marovich et al., 2020).

There is a strong probability that vaccinations for COVID-19 may have the same effect on animal
models of SARS and other animal coronaviruses. Target cells (Fc-bearing monocytes or
macrophages) with increased viral entry and multiplication due to antibody-mediated mechanisms
and virus-antibody immune complexes and the associated cytokine release are two potential
disease enhancement methods to consider. As a result of the presence of sub-neutralizing
antibodies or non-neutralizing antibodies, it is commonly defined as Fc-receptor-mediated

increased disease (Graham, 2020).
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Chapter 7

Conclusion

Finally, for SARS-CoV-2 and other infectious diseases, monoclonal antibodies are and will likely
remain an important treatment option in the twenty-first century. Research should be aimed at
enhancing monoclonal antibodies that are very effective, can be made for a fraction of the cost,

and have a specific group of people who benefit from them (Deb et al., 2021).

COVID-19 pandemic's unexpected appearance and devastation spurred an international research
endeavor to explore efficient methods of limiting viral propagation and reducing COVID-19
mortality (Wang et al., 2020). As of 10 a.m. CET on 3 March 2020, COVID-19 has expanded to
73 countries, territories, or places around the world and is accountable for 90,870 cases. Wuhan
Huanan seafood market may not have been the sole source of the infection. It doesn't matter how
you look at it, wildlife sales should be banned and wet markets should be emptied of their stock.
Only a few genes encoding accessory proteins distinguish SARS-genomic CoV-2 from SARS-
CoV in terms of genome organization. SARS-CoV-2 penetrates cells via the ACE2 receptor as a
consequence. Droplets from coughing or sneezing or direct contact are the most common means
of transmission between humans. The most common symptoms are a fever and a cough. An
essential diagnostic tool, a chest computed tomography (CT) scan, can detect SARS-CoV-2 in
samples taken from the upper and lower respiratory tracts. In terms of treatment, no specific
medications exist for the infection, and various therapies are now being investigated in clinical
trials with promising preliminary results (Ge et al., 2019). Tocilizumab, baricitinib, and
dexamethasone have all been shown in clinical trials to reduce mortality in SARS-CoV-2 infected
patients with hypoxia (data still under review). Some experiments with various immune-
modulating drugs have been conducted or are now in progress to lessen tissue damage in the later
phases of COVID-19, as well (Taylor et al., 2021).
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