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Abstract. The harmful COVID-19 pandemic caused by the SARS-CoV-2 coronavirus imposes the scientific community to
develop or find conventional curative drugs, protective vaccines, or passive immune strategies rapidly and efficiently. Passive
immunity is based on recovering hyper-immune plasma from convalescent patients, or monoclonal antibodies with elevated
titer of neutralizing antibodies with high antiviral activity, that have potential for both treatment and prevention. In this review,
we focused on researching the potentiality of monoclonal antibodies for the prevention and treatment of COVID-19 infection.
Our research review includes antibody-based immunotherapy, using human monoclonal antibodies targeting SARS-CoV-2 viral
protein regions, specifically the spike protein regions, and using hyper-immune plasma from convalescent COVID-19 patients, in
which monoclonal antibodies act as immunotherapy for the cytokine storm syndrome associated with the COVID-19 infection. In
addition, we will demonstrate the role of the monoclonal antibodies in the development of candidate vaccines for SARS-CoV-2.
Moreover, the recent progress of the diagnostic mouse monoclonal antibodies’ role will be highlighted, as an accurate and rapid
diagnostic assay, in the antigen detection of SARS-CoV-2. In brief, the monoclonal antibodies are the potential counter measures
that may control SARS-CoV-2, which causes COVID-19 disease, through immunotherapy and vaccine development, as well as
viral detection.
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1. The definition and production of monoclonal
antibodies

Monoclonal antibodies are antibodies generated
mainly from B cells-lymphocytes. These cells cannot
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propagate in cell culture for a long period of time. So,
there are several methods used to run and produce them
in stable cell lines, specifically using B cells-based pro-
tocols. If the source of these cells are mouse lympho-
cytes, the achieved murine monoclonal antibodies are
used mainly for immunodiagnostic applications. In the
case of using cells from human origin, particularly from
convalescent patients, as patients with COVID-19, the
produced human monoclonal antibodies are considered
therapeutic antibodies targeting the SARS-CoV-2 [1].

The classic method for the production of the mouse
monoclonal antibodies is based on the cell fusion of
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the splenic cells of immunized mice (for examples,
immunization with SARS-CoV-2 proteins) and the
mouse myeloma cell lines, using fusing media, such as
Polyethylene glycol (PEG), then cell cloning and sub-
cloning for the final production of the specific mouse
monoclonal antibodies. The generated mouse mono-
clonal antibodies are mainly used for immunodiagno-
sis [2,3]. In contrast, the generation of potential thera-
peutic recombinant human mAb includes the cloning
of cDNA’s, encoding the variable regions of the heavy
and light chains into expression plasmids, containing
the human IgG1 heavy chain and Ig kappa light chain
constant regions, respectively. Both plasmids contain
the interleukin-2 signal sequence to enable efficient se-
cretion of the recombinant antibodies. The recombinant
human antibodies are then produced in HEK-293T cells
after transfection with sets of the IgG1 heavy and light
chain expression plasmids and purified using protein-A
affinity chromatography [4].

The need to treat the emergent SARS-CoV-2 that
caused the current fling in health problem worldwide,
directed the focus to the development of monoclonal
antibody-based passive immunotherapy, in order to de-
liver a rapid response. Although, several investigations
and primary data have been published on specific neu-
tralizing antibodies in the preclinical phase [4,5], no
monoclonal antibodies have yet been available on the
market. The increase understanding of MERS-CoV and
SARS-CoV in recent years has stimulated the research
community to make significant advancement in the im-
munotherapy design of COVID-19 in a short period of
time by applying the current anti-viral treatment which
presented hopeful data for MERS and SARS [6].

The virus has a genome with almost 80% similarity
to the previously described SARS-CoV and 96% iden-
tity to the BatCoV RaTG13 of bats [7], which include
the genome codes for 3 surface proteins: the membrane,
the envelope, and the spike proteins. Both, the mem-
brane, and the envelope play a role in the viral assem-
bly and its release. The virus-host cell receptor inter-
action is mediated through the trimetric spike protein
(S protein), which binds to the angiotensin-converting
enzyme 2 (ACE2) of the human respiratory cells [8,9]
(Fig. 1, created with BioRender.com). Studies show
that the S protein cleavage by proteolytic enzymes de-
termine the zoonotic nature of the virus and whether,
or not, the virus can cross species. For example, the
Ugandan bat strain, MERS-like CoV is found to have
the ability to bind to the human cells but fails to me-
diate infectivity [10]. However, SARS-CoV-2 protein
sequence shows a unique Furin cleavage site (RRAR,

Fig. 1) which has not yet been identified whether it is
cleaved or not by the human Furin endoprotease. This
site has been created by an insertion of 12 nucleotides
in the cleavage site of the hosts’ proteases, which nor-
mally cleave the S protein of Coronaviruses on S1 and
S2. This insertion led to the acquisition of 3 O-linked
glycosylation [11]. It is worth mentioning that the Bat
CoV (RaTG13) isolated from Yunnan, China, does not
have the Furin cleavage sequence [12]. We may propose
that the Furin cleavage site that appeared in the SARS-
CoV-2, might have been acquired by the recombination
with other viruses; a process that may have taken weeks
or occurred within the last few years.

Although, the structural similarity between SARS-
CoV-2 and the SARS-CoV is high (94% after exclud-
ing the receptor binding motif), unfortunately several
receptor binding domain (RBD) directed monoclonal
antibodies (S230, 80R, CR3014 and m396) fail to cross
react, at 1 µM tested concentration, with the SARS-
CoV-2 viral epitopes [12,13]. This may be attributed
to the short surface of the epitopes covered by these 4
antibodies, which may pave the way to produce anti-
bodies covering other surface epitopes. There’s an al-
ternative hypothesis that the RBD of the SARS-CoV-2
contains structural changes, including the presence of 4
residue motif (Gly-482, Val-483, Glu-484 and Gly-485)
that maintain better contact to the N terminal of the
ACE2 receptor, while SARS-CoV does not [14]. Tian
et al. [13], also show that CR3022, a specific neutraliz-
ing mAb against RBD of SARS-CoV, has a promising
efficacy to inhibit this domain in SARS-CoV-2.

Since the hybridoma technique (Fig. 2) was intro-
duced, in 1975 (Fig. 2, created with BioRender.com) as
an effective approach to have enough quantities of pure
mAbs; therapeutic trials have been conducted and con-
tinue to neutralize viral surface epitopes, as in SARS-
CoV [15] and MERS [16]. These principles of hy-
bridoma technique (Fig. 2) are, now, used to generate
human monoclonal antibodies to neutralize the SARS-
CoV-2.

The potential, different, approaches for using the
hybridoma technique are:

1. Using the classic hybridoma technology for
the production of mouse monoclonal antibodies
against the specific SARS surface epitopes from
the spike protein; then use the specific hybrid cell
line that produces the specific mouse monoclonal
antibodies for the extraction of RNA and per-
forming humanization and chimeric human mon-
oclonal antibodies. This model was achieved by
Wang et al. [4] to generate the human monoclonal
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Fig. 1. Structural diagram of Spike region of SARS-CoV-2. Figure is created with BioRender.com.

Fig. 2. Diagrammatic procedures of classic hybridoma Technology for production of monoclonal antibodies.

antibody 47D11. The antibody showed its neu-
tralizing capacity against common epitopes from
SARS-CoV and SARS-CoV-2 viruses in Vero cell
culture.

2. The use of peripheral blood mononuclear cells
(PBMCs), from convalescent patients with
COVID-19, as a source of B-cell lymphocytes.
From the peripheral blood mononuclear cells
(PMBCs), CD22+B cells are separated by Mag-
netic Activated Cell Sorting (MACS) then im-
mortalized by EBV [17,18]. In April 17th 2020,
the clinical trials identifier number NCT04354766

was assigned to a clinical trial that uses generated
monoclonal antibodies from immortalized B cells,
isolated from convalescent patients to neutralize
SARS-CoV-2 [19].

3. The use of PBMCs, from convalescent COVID-
19 patients, for the separation of CD27+B cells
and using the cell fusion procedure with human
cell lines. These hypothesis and approaches were
carried out by Puligedda et al. [20] and pro-
duced mAbs that have potent neutralizing activity
against poliovirus.
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4. Using phage display technology to screen native
human semisynthetic phage library, (Tomlinson
I library) for the receptor binding domain (RBD)
of SARS-CoV-2. In COVID-19 patients [21], 3
antibody formats (scFv, scFv-Fc and IgG1) have
been identified and exhibited high binding speci-
ficity to the RBD of the trimetric spike glyco-
protein. The scFv antibody format demonstrates
specific binding to an epitope that partially over-
lap the angiotensin-converting enzyme 2 (ACE2)-
interacting sites on the CoV-2 RBD. The IgG1
format binds to the cells expressing membrane-
bound SARS-CoV-2 S-protein, while the scFv-
Fc format shows specific binding to the RBD,
in docking studies, through the use of Flow cy-
tometry assay and ELISA tests, respectively. An-
other phage display protocol uses one native llama
VHH and one synthetic humanized llama VHH
libraries [22]. This protocol uses the next gen-
eration of antibody therapy approach described
by Wang et al. [4]. The approach is based on
the generation of bi- or tri-specific antibodies
which may target different antigens at the same
time to block the S/ACE2 interaction-site. This
method would improve the restrictions related to
the polyclonal and monoclonal combination of
immunotherapies. The developed multi-specific
antibodies show enhanced affinity, avidity and im-
prove S/ACE2 blocking by using an in-silico ap-
proach that also fuses VHHs to Fc domains. More-
over, the developed bi-specific antibody demon-
strates effective S/ACE2 hindering which is better
than the separate monoclonal VHH-Fcs. The anti-
bodies 80R, CR3014, CR3022, M396 and B1 are
all identified by phage display method and they all
target the S protein and block the interaction of S1
region with the ACE2 receptor, except for the B1
antibody which targets the S2 domain and blocks
the interaction of S2 with the ACE2 receptor.

2. The potential use of the antibody-based
immunotherapy for COVID-19

2.1. Hyper immune- convalescent plasma for the
treatment of COVID-19 infection

Hyper immune plasma and intravenous immunoglob-
ulin infusions are safe and applicable treatments for a
broad range of human infections. During outbreaks and
the need to get immediate and effective measures, the

use of convalescent serum, or plasma, or complete blood
continues to grow and should be used under the WHO
guidance. Recovering plasma was used in the 2014
Ebola outbreak, which prevailed in West Africa, for its
better-quality of survival, relative to the standard ther-
apy [23]. However, the extensive immune deregulation
is a major cause for the severity and harmful manifesta-
tions of COVID-19, including the cytokine storm syn-
drome, which is an overexcited immune-inflammatory
reaction to an infection, resulting in acute tissues and
organs injury [24]. The timing of the therapy with con-
valescent patients’ plasma is likely to be precarious;
if given at the wrong time, to a COVID-19 patient,
the immune-plasma could be ineffective, or even in-
spire/increase a cytokine storm syndrome. Casadevall
and Pirofski [25] underline the dangers of the passive
usage of convalescent immunoglobulin, which falls into
two categories, the serum disease, and the antibody-
dependent enhancement of infection. The serum disease
is concomitant with the contamination of other blood
pathogens, whereas the antibody dependent enhance-
ment theoretically could create antibodies to one strain
of coronavirus, and increase the infection to another
coronavirus strain [25]. Moreover, Nguyen et al. [26]
reports that the restricted usage of the Intravenous Im-
munoglobulin (IVIG) includes variable specific neutral-
izing antibody titer(s) against novel pathogens. The use
of IVIG in COVID-19 patients may cause immunoglob-
ulins to bind to the Fcγ receptors competitively, pre-
venting the antibody response elicited by the immune
complexes triggered by the virus-antibody binding.

In COVID-19 patients, the convalescent plasma can
reverse the inflammatory processes and inhibit the con-
sequences of viral infection. The proposed mechanisms
of inhibition included the presence of IgM/IgG neu-
tralizing antibodies which have the capability to in-
hibit the viral entry to the host cells and activate the
hosts’ immune system through antibody dependent cel-
lular immunity [27]. Acosta-Ampudia et al. [28], shows
that the plasma of recovered COVID-19 patients con-
tains autoantibodies, cytokines and metabolites differ-
ent in composition from those of the severe symp-
tomatic cases. This profile is responsible for an early
and transient hyper immunity known as the cytokine
storm, in patients with severe symptomatic infection.
This convalescent plasma, at day 28, may increase lym-
phocytes (T and B cells) post transfusion and reduce
rations of IL-6/IFN-γ and IL-6/IL-10. Both hypotheses
control the viral infection and may reduce the sever
manifestations caused by the SARS-CoV-2.

The use of convalescent plasma has produced promis-
ing results for the treatment of the COVID-19 disease,
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in 2 studies reviewed by Shen et al. [29], and Duan et
al. [30]. Despite the promising data of these studies, the
use of convalescent plasma has the following concerns:

(1) Immunoglobulins are not 100% homologous be-
tween individuals.

(2) The viral load in patients is expected to be higher
than the Immunoglobulins transferred to them
which mean that the patients will need more than
one dose.

(3) The transferred Igs may give negative feedback
to the patient’s immune system which may re-
sult in the reduction of the Igs that are naturally
produced by the patient’s immune system.

(4) The possible infusion reactions occurring, be-
tween the produced antibodies and the trans-
ferred antibodies that could cause immune com-
plexes, may lead to kidney inflammation, or other
consequences.

(5) The viral latency.
(6) The subtypes of immunoglobulins between donor

and recipient.
(7) There is not enough information about the domi-

nant IgA in the mucosal tissue.
All of these limitations for using convalescent plasma

of COVID-19 patients, along with its possibility to ag-
gravate the disease, discourage the use of intravenous
immunoglobulins (IVIG) [26].

However, Joyner et al. [31], shows that the infusion
of convalescent plasma presents only 1.2% overall seri-
ous adverse events, 4 hours after transfusion, in 5000
patients ages ranging from 18–97. Their experience
provides no signal of toxicity beyond what is expected
from using plasma in severely ill patients. Additionally,
given the deadly nature of COVID-19 and the large
count of critically ill patients, with multiple comorbidi-
ties included in their analyses, the mortality rate does
not appear to be excessive. Several clinical trials have
been lunched and assigned clinical trial numbers, which
include phases 1 to 3 and are listed in Esmaeilzadeh
and Elahi [19]. Accordingly, the previously mentioned
limitations would pave the way to consider monoclonal
antibodies for the neutralization of SARS-CoV-2 that
can focus on specific target epitopes on viral particles
and pose a potential protection and immunotherapy for
COVID-19 [32].

Barnes et al. [33] shows that the plasma IgGs isolated
and purified from convalescent plasma, of patients re-
covered from COVID-19, are more potent neutralizers.
It targets not only the RBD of the s-protein epitopes but
also epitopes of S1A (in the NTD from amino acid 12 to
306) outside the RBD, as opposed to their plasma Fabs

counterparts. The epitope mapping of the RBD and
S1A of the s-protein that uses the Negative-Stain Elec-
tron Microscopy Polyclonal Epitope Mapping (nsEM-
PEM) and Single-Particle Cryo-Electron Microscopy
proved that these sites are not affected by the mutations,
commonly occurring in the SARS-CoV-2 isolates. This
may pave the way for antibody therapies or vaccine
development.

2.2. Therapeutic monoclonal antibodies targeting
SARS-CoV-2

Pharmaceutical companies are in favor to produce
monoclonal antibodies as a treatment for COVID-19 in-
cluding Celltrion, AstraZeneca and Regeneron. The first
human study to treat COVID-19 is, using LY-CoV555
neutralizing mAb against the spike protein, and is cur-
rently in progress, in phase II trial and is carried out by
the pharmaceutical company “Lilly”. The neutralizing
antibody LY-CoV555 with a dose of 2800 mg, appeared
to accelerate the natural decline in viral load over time,
whereas the other doses (700 mg, or 7000 mg) have
not [34]. Recently, Bamlanivimab and Casirivimab-
Imdevimab are novel virus-neutralizing monoclonal an-
tibodies authorized to treat mild to moderate COVID-19
infected outpatients who are at a risk for progression to
a severe level of infection. Also, early treatment may
show efficacy in reducing progression in severely in-
fected cases [32]. However, the U.S. Food and Drug
Administration issued an emergency use authorization
(EUA) for Casirivimab and Imdevimab (Regeneron
Pharmaceuticals Inc, https://www.regeneron.com/casir
ivimab-imdevimab) to be administered together for the
treatment of mild to moderate COVID-19 infection in
adults and pediatric patients (https://www.fda.gov/news
-events/press-announcements/coronavirus-covid-19-up
date-fda-authorizes-monoclonal-antibodies-treatment-
covid-19).

2.3. Monoclonal antibodies against SARS-CoV-2
epitopes, as a candidate for COVID-19 vaccine

The neutralizing therapeutic antibodies and vaccine
development, which are the potential counter measures
controlling SARS-CoV-2 that cause COVID-19 disease,
reports that the high dose vs. low dose viral infection
of SARS-CoV-2 may affect the lymphocytic immune
reactions. The high dose viral exposure belongs to the
cases of health-care workers and individuals, who have
currently sick or have asymptomatic family members
spreading the virus. The low dose viral infection may
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Fig. 3. Neutralizing monoclonal antibodies and selection of neutralizing viral epitope as candidate vaccine. Figure is created with BioRender.com.

lead to the stimulation response of the T and B cell
lymphocytes, as well as the production of neutraliz-
ing antibodies and rapid viral clearance (spontaneous
clearance). Whereas the high dose viral infection could
cause the increase of the severity of the disease and late
viral clearance. This may be due to lymphopenia lead-
ing to the ineffectiveness of the T and B cell, then the
initiation of the cytokine storm and tissue damage [35].
So generally, the low viral dose is a better candidate for
the vaccine; especially if it stimulates cellular immu-
nity and humoral immunity, particularly concerning the
production of the neutralizing antibodies. These neu-
tralizing antibodies have the capability to bind to the
viral particles, eliminating any free viral particle that
can infect the target cells. In other words, these neutral-
izing antibodies binds with the Angiotensin Converting
receptor 2 (ACE2) preventing the binding of the virus
particles with the target cells, which in-turn can pre-
vent intracellular replication and viral assembly, as well
as viral transmission from cell to cell. So, if we have
these neutralizing antibodies based on the neutralizing
assays, we can determine the neutralizing epitope and
use it as a candidate vaccine (Fig. 3b).

Both human monoclonal antibodies, from hybridoma
technology, and plasma of convalescent COVID-19 pa-
tients are encouraging immunological strategies for the
development of immunotherapy for COVID-19 infec-
tion. Recently, Begum and Ray [36] suggested that us-
ing B cell lymphocytes producing antibody isolates
from convalescent SARS-CoV-2 individuals, for the
generation of human B cell hybridomas, and a mixture
of human mAbs, for multiple immunogenic targets of

SARS-CoV-2 spike protein, might deliver an antibody
mix for a long-term treatment therapy with a convales-
cent focus. Neutralizing monoclonal antibodies bond
exactly on the neutralizing epitopes, on the spike protein
of SARS-CoV-2, as opposed to the widespread variety
of antibodies in plasma. Some plasma antibodies will be
neutralizing ones, but many others are non-neutralizing
(off-target effects), potentially causing tissue injury. For
example, a non-neutralizing antibody binding to a non-
spike protein viral antigen could result in a damaging
antibody reactions (type I-III) and antibody dependent
disease development. These conflicting properties are
less likely to occur with the use of a single or com-
bined monoclonal antibodies, which are presently in
the initial clinical trials phase [37]. Interestingly, the
availability of both non-neutralizing and neutralizing
monoclonal antibodies generated in this study will en-
able the assessment of the S protein immunogens, for
the presentation of neutralizing and non-neutralizing
epitopes, and inspire effective candidates for vaccine
design. The design of an immunogen that improves the
quality of mAbs, elicited by natural infection, may well
appear as an essential target for vaccine research.

Scientists have issued papers of specific therapeu-
tic human monoclonal antibodies (hmAbs) (B38, H4,
47D11) targeting SARS-CoV-2 with the prospect that
these antibodies are effective. Heavy and light-chains of
both B38 and H4 hmAbs which are generated in Nico-
tiana benthamiana plant leaves show specific binding
to the SARS-CoV-2 RBD and in-vitro efficient neutral-
ization capacity [38]. However, ACE2 is an endoge-
nous membrane protein that assists in the infection of
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Fig. 4. Diagrammatic potential of the promising monoclonal antibodies against spike epitopes of SARS-CoV-2.

SARS-CoV-2. During COVID-19 infection, the extra-
cellular peptidase domain of ACE2, blocks the receptor
binding domain (RBD), of the spike protein of SARS-
CoV-2. The sole focus of scientists is to produce mAbs
targeting the S protein and RBD. Several studies, in
vivo, demonstrates the high neutralizing potency of the
antibodies targeting these epitopes against SARS-CoV-
2 [39–41]. Other work was conducted to isolate mAbs
from memory B cells that were sorted from PBMCs
of convalescent patients, who recovered from infec-
tion [42].

Separation of B cells from convalescent COVID-19
patients, the collection of B cells that are efficient for
generating the needed neutralizing antibodies and the
cloning of the neutralizing monoclonal antibodies are
labor-intensive tasks. Chi and his colleagues [42] were
able to prove that antibodies raised against epitopes,
other than RBD, would neutralize the virus. They iden-
tified a neutralizing mAb named 4A8 which recognizes
an epitope of the N-Terminal Domain (NTD) on the
spike glycoprotein. This antibody shows the capacity
to neutralize the SARS-CoV-2 virus either in authen-
tic or pseudo-forms. However, the 4A8 antibody fails
to recognize the RBD. Almost all generated mAbs,
that are targeting the S protein epitope (s), are in the
clinical trials, either single, such as, the REGN10933,
LY3819253, CT-P59, BRII-198, or combined, such as,
LY3819253+LY3832479, REGN10933+REGN10987,
AZD8895+AZD1061 [43]. Other mAbs are with the
nucleotide analog that blocks the viral RNA polymerase
named Remdesivir, such as, the LY3819253.

Another challenge in the development of mAbs is the
possible mutations in the S glycoprotein of the SARS-
CoV-2 virus. These mutations would affect the neu-
tralizing capacity of an antibody leading to the escape

of the variant. Korber et al. [44], identified 14 muta-
tion points in the S protein targeted by all mAbs in the
clinical trials. All these mutations are rare, or of low
frequency except for one mutation; D614G (outside the
RBD) which affects the stabilization of the interpro-
tomer that is found in 3577 counts globally and may
suggest a role in human-to human viral transmission.
Now, this variant constitutes over 97% of the isolates
globally [45] and may cause a conformational shift in
the S protein due to the interruption occurring between
S1 and S2 contacts. In 9 countries, different counts of
mutations are discovered, such as 8 in Europe and 65 in
the USA. Interestingly, Yurkovetskiy et al. [45] tested
human mAb with the D614G mutation and concluded
that it could not affect the antibodies targeting the RBD
to cause the blockage of the ACE2 binding with the
RBD. During infection, the host proteases cleave the S
protein on the S1 (N-terminal) and the S2 (C-terminal)
subunits. The S1 contains the signal peptide NTD and
RBD, whereas the S2 subunit contains the heptad re-
peats (HR) 1 and 2, which are necessary membrane
components. These 2 repeats have been fused and nom-
inated, also as potential candidates, to block viral fusion
based on the data of 1A9 monoclonal antibody against
SARS-CoV HR2 domain [46].

The hypothesis of using this antibody against SARS-
CoV-2 is based on the fact that the S2 protein is highly
conserved. Figure 4, created with BioRender.com,
shows the potential promise of the monoclonal antibod-
ies against the spike epitopes of SARS-CoV-2.

3. Monoclonal antibodies in cytokine storm
control

In 2019, patients with coronavirus disease, had a
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Table 1
The cytokine storm members and available monoclonal antibodies included during COVID-19 infection

Cytokine Available mAb/antagonist
Adverse effects of
using the antibody

Clinical
trials Reference

Name Action/results Name Action/results
IL-6 Destroys the alveoli

membrane/hemorrhage in
lungs then fibrosis

1-Tocilizumab (mAb)
2-Sarilumab (mAb)
3-Clazakizumab (mAb)

Binds then block the action
of IL-6. No direct action
on the virus/Inhibits the
destructive effect of the
virus.

1-Increase in hepatic
enzymes
2-Skin allergy
3-Infection by
opportunistic fungi

Phase III [46,48–50]

IL-1β Produced by macrophages,
induces fever/respiratory
fibrosis

Canakinumab (mAb) Blocks IL-1β Not identified – [19]

IL-17 Produced by lymphoid cells,
activates T-helper 17 cells,
activates secretion of
proinflammatory mediators
and infiltration of
neutrophils/lung tissue damage

No available – Not identified Not yet [51]

IFN-γ Produced by CD+, CD+8,
NK cells/lung tissue damage

Emapalumab (mAb) Blocks IFN-γ/decrease the
acute respiratory distress
syndrome caused by the
SARS-CoV-2

Not identified Phase II/III [52]

TNF-α One of the first cytokines
produced during viral
infection, induces
differentiation od dendritic
cells

XPro1595 (soluble
protein used in
Alzheimer’s disease)

Inhibits the TNF-α
binding to its receptor

Not identified Phase II [53]

huge number of inflammatory immune cells, such as
T cells and macrophages, which were stimulated and
infiltrated into the respiratory tissues in response to
the generated chemokines and cytokines released by
the infected cells. In a low, or mild COVID-19 infec-
tion, SARS-CoV-2 would be cleared by these cells,
whereas in severe infection, major cytokines, such as,
interleukin-6 (IL-6), IL-1β, IL-17, IFN-γ, and TNF-α
are produced by the inflammatory cells in an uncon-
trolled way of response leading to what is known as the
cytokine storm [19,47]. The available monoclonal anti-
bodies or the specific antagonists that may contribute
to the control of the cytokine production, during the
COVID-19 infection, are listed in Table 1.

4. The role of monoclonal antibodies in
SARS-CoV-2 immunodetection

While molecular biology diagnosis has been widely
used in the diagnosis of COVID-19, it cannot be used to
evaluate the progress of COVID-19 and cannot be used
to identify old infection and humoral immunity [54–57].
The limitations of these diagnostic techniques have de-
veloped increasing demand for rapid and simpler tests
that are immunity based. For example, RT-PCR, while
very reliable and accurate, is only capable of identifying

the presence of viral RNA and cannot determine the
state or progression of the infection at a given time, in an
infected patient. In contrast, immunological tests have
several advantages (rapid, sensitive, specific, safety
reagents, qualitative or quantitative determination) [58].
These tests measure immunological responses to the
SARS-CoV-2, allowing for the differentiation between
old and recently infected cases. They play an important
role in COVID-19 epidemiology, vaccine development,
and immune response [59,60]. They are also tools that
use components of the immune response, as whole parts
of the test [57], in which the quantitation of the analyte
depends on the reaction of an antigen (analyte) and an
antibody [58]. The enzyme-based immunoassays detect
the antigen with specifically manufactured monoclonal
antibodies [54]. This antigen may be found in body flu-
ids (Oropharyngeal swab, saliva, sputum, blood, urine,
stool) [59]. Recently, the immunological test was used
for the identification of SARS-CoV-2 proteins, using
monoclonal antibodies (Fig. 5) (created with BioRen-
der.com). Multiple forms of N protein or S protein (S1,
S2) are used as targets of SARS-CoV-2 monoclonal
antibodies [61–64]. The monoclonal antibodies against
SARS-CoV-2 nucleocapsid proteins that have been pro-
duced, might form the basis for a future rapid antigen
detection test [65,66].

These days, there are many immunoassay techniques
that are approved or still pending approval, where their
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Fig. 5. Immunodetection of SARS-CoV-2 based on specific monoclonal antibodies using ELISA or lateral flow assay.

versatility and creativity could increase the different
ways, with which one could detect pathogens in a clin-
ical sample study. Thus, great efforts have been made
to develop tests for the rapid detection of SARS-CoV-2
antigens, which target viral antigen in biological sam-
ples, such as nasopharyngeal secretions. Several rapid
antigen tests have been proposed [67,68], and now is
considered, the most used tool for SARS-CoV-2 anti-
gens detection. Recently Weitzel et al. [69], reported
that rapid antigen detection has the potential to serve as
an alternative diagnostic method, especially as a screen-
ing tool for patients with high viral loads during early
and infective stages of infection [69].

Porte et al [70] evaluated a novel rapid antigen de-
tection test (RDT) SARS-CoV-2, in transport medium,
of nasopharyngeal (NP) and oropharyngeal (OP) swabs
from suspected COVID-19 cases. They used the fluores-
cence immunochromatographic SARS-CoV-2 antigen
test (Bioeasy Biotechnology Co., Shenzhen, China) for
diagnostic accuracy, instead of Real Time (RT) PCR.
The sensitivity and specificity of the RDT assay aver-
ages around 93.9% and 100%, respectively. The antigen
Detection (AD) tests are based on specific monoclonal
antibodies, which are more rapid, less laborious and
less expensive alternatives [71]. Recently, Favresse et
al. [71] compared the clinical performance of 5 AD

tests, including 4 rapid AD (RAD) tests (biotical, Pan-
bio, Healgen, and Roche) and 1 automated AD test
(VITROS). The result of this study demonstrates that
the performance of the RAD tests is more modest and
allows us to identify RT-PCR positive patients with
higher viral loads. The sensitivity ranges from 93.1% to
96.6%, meaning that some samples with high viral loads
were missed. The VITROS automated assay shows a
100% for both sensitivity and specificity. So Favresse et
al. [71] concluded that compared to RAD tests, the VIT-
ROS assay is fully aligned with the RT-PCR, which may
provide the identification of SARS-CoV-2 contagious
patients with a faster, easier, and cheaper approach.

5. Concluding remarks and future perspective

Along the past three decades, the use of monoclonal
antibodies, in the treatment of various diseases, proved
to be effective and easily delivered. These molecules
have several advantages to be used against the SARS-
CoV-2 virus specifically; probably due to the fact that
they come from convalescent patients with COVID-19
disease. Till today, more than 70 monoclonal antibodies
are in either preclinical or clinical pipeline programs for
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development, which may offer a potential rapid man-
ufacturing to face the pandemic. It is well known that
vaccines may provide long term protection after few
weeks of application. Monoclonal antibodies would
be a complement to the vaccines especially during the
pandemic, as they offer immediate protection upon ad-
ministration and lasts for weeks or months. This will,
also, help in the treatment of infected patients and may
prevent young and elderly people from being infected.
However, it is important to study the safety, manufac-
turing capacities, production time, price and availability
of these products (monoclonal antibodies, vaccines, etc)
in all countries.
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