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ABSTRACT

Introduction: Coronavirus disease 2019 (COVID-19) has spread to several countries globally. Currently,
there is no specific drug or vaccine available for managing COVID-19. Antibody-based immunother-
apeutic strategies using convalescent plasma, monoclonal antibodies (mAbs), neutralizing antibodies
(NAbs), and intravenous immunoglobulins have therapeutic potential.

Areas covered: This review provides the current status of the development of various antibody-based
immunotherapeutics such as convalescent plasma, mAbs, NAbs, and intravenous immunoglobulins
against COVID-19. The review also highlights their advantages, disadvantages, and clinical utility for
the treatment of COVID-19 patients.

Expert opinion: In a pandemic situation such as COVID-19, the development of new drugs should
focus on and expedite the strategies where safety and efficacy are proven. Antibody-based immu-
notherapeutic approaches such as convalescent plasma, intravenous immunoglobulins, and mAbs have
a proven record of safety and efficacy and are in use for decades. Some of them are already being used
to manage COVID-19 patients and found to be useful. However, the mAbs with virus neutralization
potential is the need of the hour during this COVID-19 pandemic to be more specific and virus targeted.
The research and investment need to be accelerated to bring them into clinical use for prophylactic and
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therapeutic purposes against COVID-19.

1. Introduction

The novel coronavirus, severe acute respiratory syndrome cor-
onavirus — 2 (SARS-CoV-2), which emerged in Wuhan, China,
during early December 2019, has affected more than
12.5 million people and killed 0.56 million patients worldwide
as of 11 July 2020 [1,2]. This virus is suspected of having an
initial zoonotic origin from an animal host, most likely bat, and
was further maintained by the human-to-human transmission
cycle [3,4]. Coronavirus disease 2019 (COVID-19) caused by
SARS-CoV-2 was declared as a pandemic on 11 March 2020,
by the World Health Organization [5] and has caused
a massive burden to healthcare facilities since [6]. The pre-
liminary findings obtained from genomic analyzes suggested
that this pandemic virus has the highest similarity (>88%) with
bats coronaviruses (Bat-SL-CoVZC45, and Bat-SL-CoVZXC21)
[7,8]. Later the bat coronavirus RaTG13 was found to be 96%
identical to SARS CoV-2 [9]. Subsequently, a few more animal

species, including pangolins, were proposed as the intermedi-
ate host for SARS-CoV-2 [10]. Several pangolin coronaviruses
had 91% similar to the SARS CoV-2. Most importantly, the
pangolin coronavirus spike protein was highly similar to
SARS CoV-2, and the key amino acids at the receptor-binding
domain (RBD) were identical [11]. Evidence suggests that
SARS-CoV-2 could be a recombinant of bat and pangolin
coronaviruses. As of now, seven coronaviruses have been
identified causing mild to severe infections in humans,
where majorly three, SARS-CoV, MERS-CoV, and the current
SARS-CoV-2, are zoonotic with high case fatality rates (CFR)
that is still lowest in COVID-19 (2.3%) than SARS (9.5%) and
MERS (34.4%) [12]. However, compared to SARS-CoV and
MERS-CoV, a higher transmission competence is exhibited by
SARS-CoV-2 that has resulted in widespread infections across
several countries within a short period of time [3].

The prevention and control measures implemented by coun-
tries around the world have bought us some time for developing
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Article highlights

e Vaccines are needed to induce active immunity against SARS-COV-2;
however, it may take a long time to get approval and to make it
available in the commercial market.

e The gap produced due to the lack of an efficient vaccine against
SARS-CoV-2 can be bridged using antibody-based immunotherapeu-
tics for inducing short term immunity.

¢ Antibody-based immunotherapeutics strategies such as convalescent
plasma, monoclonal antibodies (MAbs), neutralizing antibodies
(NAbs), and intravenous immunoglobulins (IVlg) have potential ther-
apeutic application against COVID-19.

e Convalescent plasma therapy is already used for managing COVID-19
patients; however, the neutralization potential of plasma needs to be
tested to prove its therapeutic utility.

e Approved MAbs against IL-6, IL-6R are used for treating COVID-19
induced pathological conditions such as cytokine storm or cytokine
release syndrome.

e Even though SARS-CoV and SARS-CoV-2 share high similarity in their
domains, SARS-CoV-2-specific immunotherapeutic approaches are
required due to the limited cross-reactivity between these two closely
related coronaviruses.

e Monoclonal antibody-based immunotherapeutics are highly specific
against the virus and safer compared to plasma therapy. Many
monoclonal antibodies against the SARS-COV-2 are under develop-
ment for the clinical use to treat COVID-19 patients.

e Monoclonal antibodies against the receptor-binding domain of the
S1 subunit of spike protein show virus neutralization potential. There
is a need for expediting the research to develop new MAbs and
bringing the existing SARS-COV-2 specific MAbs into the clinic as
quickly as possible.

e This box summarizes key points contained in the article.

vaccines and therapeutics against this novel virus. The race to
develop SARS-CoV-2-specific therapeutics and vaccines is
already underway [13]. Currently, there are no licensed vaccines
or therapeutic drugs against SARS-CoV-2 infection [5]. Moreover,
the unavailability of specific drugs targeting SARS-CoV-2 led to
a considerable number of new confirmed cases and deaths,
leaving the healthcare workers and general global population
in a stage of higher socio-economical, physiological, and psycho-
logical stress [14]. However, a few therapeutic candidates have
exhibited in vitro efficacy that requires further validation via
a preclinical animal model and randomized controlled trial in
humans [15].

The therapies used at first to treat COVID-19 patients included
nonspecific and broad-spectrum antivirals and anti-
inflammatory drugs, along with supportive therapy and immu-
notherapy [16,17]. In this context, use of chloroquine or hydro-
xychloroquine, remdesivir, hyper-immune immunoglobulin,
interleukin-6 (IL-6), interleukin-1 (IL-1) inhibitors, mechanical ven-
tilation, corticosteroids, stem cells, and immunotherapy are
under investigation in critically ill COVID-19 patients [16,18-21].
The immunotherapies used to treat COVID-19 patients included
convalescent plasma and interferons [16,21]. However, the ther-
apy that can be made available immediately is convalescent
plasma-based immunotherapy, which uses the plasma collected
from patients recovered from COVID-19 [22]. Convalescent
plasma contains immunoglobulins, which can help to inhibit
virus replication and help patients to recover from symptoms
(like cough, pneumonia, and fever). It can also improve oxygen
saturation and recovery; hasten resolution of lung infiltration

pathology; stabilize inflammatory mediators (by decreasing
C-reactive protein and IL-6), leukocytosis, and lymphopenia
[23]; improve survival; reduce hospital stay [24]; and reduce
mortality without any adverse side effects [24]. Furthermore,
they lowered viral loads [24]. However, this immunotherapy is
not highly specific and has limitations such as short-term immu-
nity and adverse effects, including anaphylaxis, pulmonary
edema, and the chance of disease transmission [22,25,26].
Hence, more specific modalities need to be explored.
Monoclonal antibodies could be potential alternatives with
higher specificity, but identification of specific targets is impera-
tive for the development of monoclonal antibodies [25,27].

The spike glycoprotein or S protein is considered as an
important target against which vaccines and drugs are devel-
oped [15,28,29]. Targeting the receptor-binding domain (RBD)
of S protein that interacts with the angiotensin-converting
enzyme 2 (ACE2) receptor in the host cells has the potential
to prevent the virus entry and subsequent abrogation of virus
replication. This review aims to analyze the potential efficacy
of various immunotherapeutic strategies against COVID-19.

2. Convalescent plasma

Convalescent plasma or immune plasma is defined as the plasma
that is collected from individuals recovered from the disease.
Treatment with convalescent plasma provides passive short-
term immunity to susceptible individuals [30]. Therapy using
convalescent plasma is ideal for post-exposure prophylaxis
against SARS-CoV-2. This strategy has been previously used in
SARS-CoV and MERS-CoV outbreaks [26]. The convalescent
plasma containing virus-neutralizing antibodies can be used as
a prophylaxis in high-risk individuals, health care providers, and
vulnerable individuals with any underlying medical conditions
[22]. The benefits associated with the use of convalescent plasma
are mainly related to the antibody-mediated suppression of
viremia [24]. During the initial stages of the outbreak, therapeutic
plasma exchange was recommended as a possible treatment
option for managing fulminant COVID-19 due to the benefits
observed in the infected patients following the transfer of pro-
tective antibodies from survivors [31]. Healthcare workers, such
as nurses, physicians, and lab technicians, are at high risk of
getting exposed to the virus; thus, convalescent plasma therapy
provided to these individuals at high risk will prevent the col-
lapse of the health care system [22].

Treatment with convalescent plasma in laboratory-confirmed
cases of COVID-19 was found to be associated with the resolution
of ground-glass opacities as well as lung consolidations.
Transfusion of convalescent plasma was also found to be safe
since no adverse effects were observed in the patient under
treatment [32]. Following the transfusion of convalescent plasma,
a rapid increase in the levels of neutralizing antibodies was also
observed [33]. Convalescent plasma could be considered as effec-
tive post-exposure prophylaxis until SARS-CoV-2-specific mono-
clonal antibodies (mAbs) become available (Figure 1).

However, passive antibody administration via convalescent
plasma offers only a short-term but rapid immunity to the
susceptible individuals. Hence, for long term protection, we
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Figure 1. Comparison of production procedures, advantages, and disadvantages between convalescent plasma and monoclonal antibodies for COVID-19.
Convalescent plasma is easy to be produced but has some disadvantages such as not specific and also the risk of adverse effects. Contrary, the monoclonal
antibody will produce a specific antibody response against SARS-CoV-2, but it is not easy to be produced.

have to rely exclusively on vaccines, hyper-immune globulins,
or monoclonal antibodies [30]. Administration of convalescent
plasma containing polyclonal neutralizing antibodies at the
early stages of infection may inhibit both viral entries as well
as replication. Furthermore, it will also blunt the pro-
inflammatory pathogenic endogenous antibody response
[34]. This is beneficial for the treatment of critically ill COVID-
19 patients with acute respiratory distress syndrome (ARDS)
[35]. A significant concern associated with the transfusion of
convalescent plasma is the possibility of antibody-dependent
enhancement (ADE). This is a phenomenon by which antibo-
dies produced during a previous infection exacerbate the
disease severity due to infection with a different serotype of
the virus [30]. Patients under treatment with convalescent
plasma should be closely monitored for any unintended side
effects, especially evidence of inflammatory flare-up [34].
Another important concern is disease transmission.
Persistence of viral shedding has been observed in the naso-
pharyngeal secretions of COVID-19 patients even after the
resolution of symptoms. This phenomenon was found to be
common in older patients. It points out the necessity of test-
ing convalescent plasma for the presence of virus by RT-PCR if
the plasma is collected less than 28 days after the resolution of
COVID-19 symptoms [36].

A study including 80 SARS patients reported that the early
administration of convalescent plasma (before day 14) was
found more effective in terms of outcome than administration
during later stages [37]. Additionally, based on the available
literature, convalescent plasma should be administered in the
early course of SARS-CoV-2 infection too (before SARS-CoV-2
seroconversion), preferably on day 5, for obtaining maximum

efficacy. Researchers also recommend the transfusion of two
plasma units (200-250 mL each) in patients weighing
50-80 kg [34]. In some cases, 500 mL is administered in
doses over a 12-hour period at an intravenous infusion rate
of 250 mL/hour [23]. In a study with 4 critically ill COVID-19
patients, transfusion of convalescent plasma was reported to
be a potential therapy with no serious adverse reactions [38].
In addition to the prophylactic use, the convalescent plasma
may also be beneficial in suppressing clinical manifestations in
SARS-CoV-2-infected patients and may also be able to reduce
the mortality rate [22]. The convalescent plasma can be easily
collected by apheresis in large volumes without much impact
on hemoglobin level of patients. Hence is preferred in severely
ill COVID-19 patients for passive immunotherapy. In addition,
a study recommended the collection of plasma at least 14 to
28 days post-resolution of clinical symptoms associated with
COVID-19 [39]. Moreover, on the basis of previous experiences
from SARS-CoV, a neutralizing antibody titer greater than 1:40
is recommended for SARS-CoV-2 [39,40]. Further studies may
be required to evaluate the therapeutic potential of the con-
valescent plasma. Another study on the intravenous adminis-
tration of humanized immunoglobulins for treating COVID-19
patients with pneumonia showed promising results
(ClinicalTrials.gov No. NCT04261426) [41]. For the time being,
convalescent plasma therapy is more effective in the preven-
tion of SARS-CoV-2 infection than other treatments.
Additionally, the composition of convalescent plasma is highly
variable and includes a variety of blood-derived components
resulting in its immunomodulatory effects in COVID-19
patients [42]. Moreover, the immunomodulatory effects of
plasma from a healthy donor are attributed to the infusion
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of antibodies and anti-inflammatory cytokines, which blocks
the autoantibodies, complement, and inflammatory cyto-
kines [43].

Of the clinical trials conducted on convalescent plasma, the
following parameters are being evaluated: clinical signs,
laboratory markers (hematological, biochemical, and inflam-
matory), lung pathology, radiological data, viral load, virologi-
cal clearance, antibody levels, cure rate, recovery period, and
mortality/fatality [44]. Additionally, to increase the efficacy of
many factors like timing of plasma administration, the titer of
the specific antibody in administered plasma, and screening
for various blood borne pathogens must be considered [22].
As per the FDA guidelines, convalescent sera must be col-
lected only from COVID-19 recovered individuals with com-
plete resolution of associated symptoms at least 14 days
before donation. Moreover, convalescent sera with specific
SARS-CoV-2 antibody titer greater than 1:320 should only be
used [45]. In a study, the convalescent plasma with
a neutralizing antibody titer of 1:640 was found to be effective
in increasing the level of neutralizing antibody along with oxy-
hemoglobin saturation level, thereby potentially improved the
overall clinical outcome of the disease in severely ill COVID-19
patients [33]. A large-scale study was conducted among 5,000
hospitalized adult patients with severe or life-threatening
COVID-19 to analyze the key safety metrics following the
transfusion of ABO compatible convalescent plasma. The
study reported <1% incidence of serious adverse events dur-
ing the first four hours period post-transfusion. This included
a mortality rate of 0.3% among the patients receiving

convalescent plasma [46]. From this finding, we can conclude
that the transfusion of convalescent plasma is a safe proce-
dure in COVID-19 patients. In addition, the convalescent
plasma not only serves as a crucial treatment approach for
the severely ill COVID-19 patients but may also be used as
a prophylactic measure for those who are at greater risk for
COVID-19 like healthcare workers and individuals with comor-
bidities. The summary of how convalescent plasma is pro-
duced, the effects on COVID-19 and disadvantage is
presented in Figure 1. The published evidence of the clinical
efficacy of convalescent plasma against COVID-19 is presented
in Table 1 [23,32,33,35,38,47-50]. The ongoing clinical studies
(clinical trials) with the use of convalescent plasma are pre-
sented in Table 2.

The first randomized clinical trial that evaluated the poten-
tial of convalescent plasma therapy in patients with severe or
life-threatening COVID-19 was conducted in China (Chinese
Clinical Trial Registry — ChiCTR2000029757). Even though the
early termination of the trial prevented from reaching
a definitive conclusion, findings from the study gave an
insight on the potential of convalescent plasma therapy in
patients with COVID-19 [50]. The addition of convalescent
plasma therapy to the standard treatment was found to be
associated with clinical improvement in severely ill patients.
However, statistically significant improvement was not
observed in patients treated with convalescent plasma ther-
apy [50]. The high titer SARS-CoV-2 specific antibody present
in the convalescent plasma has antiviral activity in severely ill
patients [50,51]. Further trials have to be conducted on

Table 1. The clinical efficacy of convalescent serum used for the management of COVID-19.

Number
of
patients Baseline
S. No. enrolled Dose severity Outcome References
1. 06 200 ml of ABO-compatible convalescent plasma for Mild to Favorable; improvement in the viral clearance and [32]
each cycle severely clinical condition
infected
COVID-19
patients
2 05 400 ml of convalescent plasma Critically ill Favorable; improvement in the viral clearance and [35]
clinical condition
3 10 200 ml of convalescent plasma Severely ill Favorable; improvement in the viral clearance and [33]
clinical condition
4 02 500 ml of convalescent plasma divided into two doses Severely ill Favorable; improvement in the viral clearance and [23]
administered in 12 hours interval clinical condition
5. 138 200-1200 ml of ABO-compatible convalescent plasma severe or Favorable; improvement in clinical symptoms and [47]
critical mortality rate
COVID-19
patients
6 10 200 ml of ABO-compatible convalescent plasma Critically ill Favorable; clinical improvement [48]
7 31 Not specified Severe or life- Favorable; clinical improvement [49]
threatening
COVID-19
8. 103 ABO-compatible convalescent plasma given at the rate Severe or life- Although convalescent plasma therapy was found to  [50]
of 4 to 13 ml/kg body weight (recipient) threatening be associated with clinical improvement in severely
COVID-19 ill patients, statistically significant improvement was
not observed
9 04 200-400 ml in one to three consecutive transfusions.  Severely ill Favorable; improvement in the viral clearance and [38]

A patient received 2,400 ml of B-compatible
convalescent plasma divided in eight consecutive
transfusions

clinical condition
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determining the efficacy and to establish the optimal condi-
tions for convalescent plasma therapy in less severely ill
COVID-19 patients.

3. Monoclonal antibodies (mAbs) and neutralizing
antibodies (NAbs)

Even though plasma derived from convalescent patients are
a good source of polyclonal NAbs, their outcome is unpredict-
able due to the variability of sera obtained from different
patients [52]. Many studies reported that within the first
7 days after the onset of clinical symptoms COVID-19, patients
rarely develop specific antibodies. Moreover, after 10-11 days
of symptom development more than 90% of the COVID-19
patients have been reported to develop virus-specific IgG and
IgM antibodies [53-56]. The mAbs can be specific and can
minimize the adverse effects of convalescent plasma [27]
(Figure 1). They can also reduce the course of infection or
protect uninfected cells exposed to SARS-CoV-2 [25].
However, there is an urgent need to develop mAbs and
identify their ideal target. Monoclonal antibodies against the
specific viral targets can be identified through conventional
immunization of mice approach or isolation of the antigen-
specific memory B cells from the recovered patients. By these
approaches, the B-cell receptor gene can be identified, and
therapeutic monoclonal antibody can be synthesized on
a large scale by expressing the gene in cell lines. Antibodies
are recognized as therapeutic biological molecules, and it has
been widely used for the treatment of different cancers since
the approval of first monoclonal antibody in 1986 by United
States Food and Drug Administration (US FDA) [57-60].

The presence of NAb following SARS-CoV-2 infection is
critical for the virus clearance and protection following con-
valescent plasma therapy. A recent study showed that all the
26 patients recovered from COVID-19 had IgG antibodies
against the SARS-CoV-2 S1 protein in serum. Of these 26
patients, all the patients except three had high titers of SARS-
CoV-2 S1 RBD specific IgG antibodies. However, most impor-
tantly, only 3 out of 26 patients had antibodies that were able
to block SARS-CoV-2 binding to the hACE2 receptor. It showed
that most COVID-19 recovered patients were able to generate
antibodies against SARS-CoV-2 spike protein, and only a small
fraction of them actually block the virus binding to the hACE2
receptor and have virus-neutralizing activity [61].

The spike protein, or S protein, of SARS-CoV-2, has
a significant role in viral attachment, fusion, and entry.
Therefore, the S protein is considered as the major target for
developing antibodies and vaccines [62]. Antibodies against
the RBD of the S protein have enormous potential to neutra-
lize the infection, thereby acting as an important target for
antibody development [63]. Even though there is high simi-
larity between the RBD of SARS-CoV-2 and SARS-CoV, it is
necessary to develop SARS-CoV-2-specific mAbs, since the
degree of similarity is not high enough to produce cross-
reactivity among these closely related viruses [64]. Studies
have also found that the RBD-specific antibodies produced
against SARS-CoV cross-reacted with the SARS-CoV-2 RBD
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protein [62]. Therefore, a cocktail of neutralizing antibodies
targeting different epitopes of SARS-CoV-2 should be provided
to offer a comprehensive coverage against SARS-CoV-2 [52].
Though the antibody against RBD of S1 protein is the most
critical target for virus neutralization, some NAbs binding to
epitopes on the S2 unit have also shown a neutralization
effect against SARS CoV [65,66].

NAbs can be in the form of mAb, antigen-binding fragment
(Fab), single-chain variable region fragment (scFv), or single-
domain antibody which can bind to the S1 subunit or S2 of
the viral S protein and inhibit the viral entry into the host cells.
There were several NAbs that have been developed for the
SARS CoV-2 ancestors, such as SARS-CoV and MERS-CoV [63].
Some of the most potent NAbs, such as m396 and CR3014
that are specific to the SARS-CoV ACE2 binding site, failed to
bind to the S protein of SARS-CoV-2. However, another SARS-
CoV-specific human mAb, CR3022, was found to bind to the
RBD of SARS-CoV-2, indicating potential cross-reactivity [64]. In
another study, polyclonal anti-SARS-CoV S1 antibodies T62
that have the potential to inhibit the entry of SARS-CoV
S pseudo-virions failed to produce a similar effect on SARS-
CoV-2 [67]. Wang et al. [68] reported that the 47D11 (human)
mADb neutralize SARS-CoV-2; this antibody targets a conserved
epitope on the S protein of SARS-CoV-2, especially the core
structure of the S1B RBD of the S protein.

Using the enzyme-linked immunosorbent assay, research-
ers confirmed that patients who recovered from COVID-19 had
high titers of anti-SARS-CoV-2 S1 spike protein specific 19G
antibodies in their sera, which is capable of obstructing the
binding of SARS-CoV-2 RBD to human ACE2 receptor (hACE2)
[61,69,70]. It was observed that specific memory B cells con-
taining anti-SARS-CoV-2 RBD-specific IgG antibodies were pre-
valent only in the patients who had recovered from COVID-19.
The variable heavy chain and variable light chain of IgG-
antibodies obtained from these specialized memory B-cells
were used for cloning, and three human origin mAbs
(3117mab-31B5, 311mab-32D4, and 311mab-31B9) were pro-
duced. Among these three antibodies, 311mab-31B5 and
311mab-32D4 could firmly and specifically bind to SARS-CoV
-2 RBD protein to neutralize SARS-CoV-2. Likewise, humanized
anti-SARS-CoV-2 RBD-hACE2 blocking mAbs are promising
prophylactic and therapeutic anti-SARS-CoV-2 agents [61].
Apart from SARS-CoV-2 specific monoclonal antibodies, sev-
eral others approved for different indications have been found
useful for treating COVID-19 patients. A clinical trial performed
at Qilu Hospital, Shandong University, China, in over 20 criti-
cally ill COVID-19 patients has shown positive results after
application of another humanized mAb, bevacizumab, which
binds to vascular endothelial-derived growth factor (VEGF), for
improving symptoms of respiratory distress in COVID-19
patients (ClinicalTrials.gov No. NCT04275414) [71]. The cyto-
kine storm and increase in the level of IL-6 is considered as
a reliable indicator of poor outcome in a severe form of
COVID-19 [72,73]. In this context, a humanized mAb tocilizu-
mab, which binds competitively with IL-6 receptors, was found
effective in a clinical trial (ChiCTR2000029765) against the
severe form of COVID-19 [72,74]. Siltuximab is a humanized
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mAb that binds to IL-6 can also be used for treating for IL-6
mediated hyper inflammation in COVID-19 patients [75]. The
use of tocilizumab and siltuximab for IL-6 antagonism prevent
the cytokine storm and associated clinical symptoms in
patients with severe COVID-19 [76]. However, the antagonism
of IL-6 may weaken the immune system of affected individuals
making them more vulnerable to secondary infections.
Blocking IL-6 also helps to reduce the excessive immune
mediated inflammation and tissue damage in various organs
of COVID-19 patients. The overall benefit is higher than the
risk involved in blocking the IL-6. A study suggested that
a single dose of tocilizumab is not effective in critically ill
COVID-19 patients. However, repeated doses of tocilizumab,
even when repeated with lower doses, might prove effective
in critically ill patients [77]. A multicentre, prospective, rando-
mized double blind, placebo-controlled trial has been initiated
on 27 April 2020, to evaluate the efficacy as well as safety of
single-dose Tocilizumab therapy in patients with severe
COVID-19 [78]. The trial is anticipated to be completed by
December 2020 and is expected to give an insight into the
clinical utility of Tocilizumab therapy in COVID-19 patients. As
per the report, ocrelizumab, a B-cell depleting humanized anti-
CD20 mAb, has been proven effective as a treatment option
for dealing with the progressive multiple sclerosis disease
complicated with SARS-CoV-2 infection. This therapy is
reported to cause the absence of new COVID-19 symptoms
after 14 days of treatment [79]. Data on the use of eculizumab
with anti-complement C5 activity for treating severe cases of
COVID-19 indicates the successful recovery of the patients and
the reduction of inflammatory markers along with mean
C-reactive protein [80].

In an in vitro study, several mAbs were identified from
a panel of mAbs isolated from the B cells of infected subjects
that target spike or S glycoprotein of SARS-CoV-2. Among
these mAbs, the most potent ones, COV2-2196 and COV2-
2130, were found to block the receptor-binding domain
(RBD) of S protein from interacting with the ACE2 receptor
[81]. The passive transfer of these two mAbs in the murine
model of SARS-CoV-2 as monotherapy or in combination pro-
tected the mice from severe weight loss as well as reduced the
viral burden and inflammatory changes in the lungs [81].
Scientists are currently attempting to develop SARS-CoV
-2-specific mAbs and/or their functional fragments as prophy-
lactic or therapeutic agents. Once developed, such mAbs
would have to undergo in vitro evaluation for neutralizing
potential, in vivo protective efficacy studies in SARS-CoV-2
animal models, preclinical studies, and clinical trials [63].
Although the conventional approach of developing therapeu-
tic monoclonal antibody is a time-consuming process, the
great effort made by the researchers worldwide during this
pandemic has accelerated the development of such neutraliz-
ing mAbs or their fragments at a fast pace due to the urgent
need to save COVID-19 patients.

Recently, the Regeneron Pharmaceuticals, Inc. has
announced the initiation of the first clinical trial of REGN-COV?2,
which is a dual antibody cocktail of REGN10933 + REGN10987
for the prevention and treatment of SARS-CoV-2. Moreover, the

REGN-COV2 clinical program will include four separate study
populations, i.e. hospitalized COVID-19 patients, non-
hospitalized symptomatic COVID-19 patients, uninfected high-
risk individuals like healthcare workers or first responders, and
uninfected people in close exposure with a COVID-19 patient
like a housemate. The placebo-controlled trials of REGN-COV2
will be initiated soon at multiple locations [82]. The LY-CoV555 is
a mAb specifically binds with different epitopes on the spike
protein of SARS-CoV-2 and is the first neutralizing antibody
developed by Eli Lilly and Co. to enter Phase 1 of a clinical
trial. Moreover, the LY-CoV555 is currently being evaluated in
hospitalized COVID-19 patients for safety and tolerability [83]. In
addition, Eli Lilly is planning a clinical development program
with antibody cocktails of JSO16, LY-CoV555, and additional
antibodies to understand the tolerability and efficacy in
COVID-19 patients in a better way [83]. The Tychan, a Singapore-
based biotechnology company, has already completed recruit-
ing healthy volunteers for Phase 1 clinical trials of TY027,
a specific mAb against SARS-CoV-2, and will start dosing the
individuals soon [84]. Another antibody named S309 was
reported to neutralize the SARS-CoV-2 by binding with the
RBD of S protein. Moreover, the 5309 along with S309 contain-
ing antibody cocktails, may prove crucial for prophylaxis against
COVID-19 in high-risk individuals [85]. Researchers also pro-
posed an ACE2 immunoadhesin developed by fusing the recep-
tor of SARS-CoV-2, ACE2, and the Fc domain of an
immunoglobulin. Such an approach is expected to provide
long term protection [86,87]. Rather than using monotherapy,
the combined use of several potent NAbs could decrease the
possibility of certain viral isolates escaping antibody-dependent
neutralization [52]. Although mAb-based passive immunother-
apy has been widely studied for coronavirus infections, none of
them have been marketed till now. The primary reason that
limits the use of mAbs is the expensive, laborious, and time-
consuming production process [27,86]. The advancement in
therapeutic protein production platforms may be useful for low-
cost mAb production. The sequences of SARS-CoV-2 specific
mAbs can be expressed in suitable mammalian, yeast, or plant
expression systems, which facilitate their evaluation as well as
large scale production [27]. Even though MAbs are an excellent
therapeutic option for SARS-CoV-2 infection, the current lack of
commercially available MAbs either for SARS-CoV or MERS-CoV
indicates the limitations of this therapeutic strategy [52].
Nevertheless, mAbs have several advantages over the other
forms of immunotherapies, such as convalescent plasma and
intravenous immunoglobulin preparations. They are superior in
terms of safety, purity, and specificity; they are associated with
a no risk of blood-borne pathogen transmission and also pro-
vide immediate protection against infectious diseases [27].
Ongoing clinical trials for MAbs against COVID-19 are presented
in Table 3.

4. Intravenous Immunoglobulin (IVig)

IVlg is a blood-derived product that has been used for several
decades. It contains polyclonal IgG isolated from healthy
donors [88]. IVIg therapy is another immunotherapeutic
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option for managing COVID-19 patients besides other options
[89,90]. The efficacy of IVIg therapy can be further enhanced
by using IgG antibodies that are collected from recovered
COVID-19 patients in the same city or locality. This will
improve the chances of neutralizing this novel virus [91]. High-
dose IVIlg therapy is considered to enhance passive immunity
and has a role in modulating immune inflammation.
Therefore, IVlg can be considered as a therapeutic option in
the early stages of SARS-CoV-2 infection [88]. Shi et al. [92]
reported a severe case of SARS-CoV-2 that was successfully
treated without mechanical ventilation or intensive supportive
care by using intensive plasma exchange along with IVig. As
per the report, the application IVIg was observed to be effec-
tive in a patient suffering from COVID-19 associated with
mucous membrane pemphigoid, hypertension, and diabetes
[93]. Additionally, a high dose of IVIg is reported to interfere
with the inflammatory factors without compromising the
immunological status of COVID-19 patients [94,95]. However,
the efficacy of the concurrent drugs used along with IVIg in
the course of the disease needs further clinical trials.

The early use of IVIg as adjuvant therapy in patients with
COVID-19 pneumonia was found to be effective in reducing
the use of mechanical ventilation and promotes early recov-
ery, thereby reducing the hospitalization period [96]. Similarly,
in another study, high-dose IVlg at a dose of 0.3-0.5 g/kg
continuously for five days was found to improve clinical con-
dition as well as O, saturation in COVID-19 patients, thereby
preventing the progression of pulmonary lesions [97].
Inclusion of IVIg as adjuvant therapy in the treatment protocol
within 48 hours of intensive care unit (ICU) admission was
found to reduce the need for mechanical ventilation in
COVID-19 patients with pneumonia [98]. In another study,
a high dose of IVig therapy in laboratory-confirmed SARS-
CoV-2 infected patients resulted in the improvement of out-
come as well as blocked disease progression. Administration
of IVIg was not found to be associated with any adverse
events [88]. Moreover, the use of SARS-CoV-2-specific immune
IgG antibodies will boost immune responses in newly infected
patients [91]. However, further randomized clinical controlled
trials are required to evaluate the efficacy of IVlg therapy in
managing COVID-19 outbreaks. At present, a randomized con-
trolled trial has been initiated to evaluate the efficiency of
high-dose IVlg therapy in managing severe cases of COVID-
19 (NCT 04261426) [88]. The findings from this trial are
expected to give an insight into the usefulness of IVIg therapy
in SARS-CoV-2 infection. Infusion of SARS-CoV-2 specific 19G
with a binding titer > 1:1000 and a neutralization titer > 40 in
5 critically ill COVID-19 patients after 10-22 days of admission
has demonstrated considerable efficacy [35]. Flebogamma®
DIF (Grifols) and Gamunex®-C are two commercially available
IVlg products that were evaluated for the presence of antibo-
dies that may cross-react with SARS-CoV-2 virus. Both of these
products were found to contain antibodies that bind to SARS-
CoV-2 antigens and, therefore, might have clinical utility in
managing COVID-19 [99]. However, further studies are
required to validate their utility.

During the collection of immunoglobulins, steps must be taken
to eliminate or inactivate any possible pathogens that are present
in the plasma of recovered COVID-19 patients. Some of these
methods include the use of solvents/detergents, nanofiltration,
and heat-treatment (60°C) [91]. Combination therapy using IVig
and antiviral drugs might be an efficient therapeutic option for
managing SARS-CoV-2 infection. The major factor that determines
the outcome of IVIg therapy is the timing of administration; it has
to be administered before the initiation of systemic damage;
otherwise, IVIg therapy would not be beneficial [88].

5. Expert opinion

Researchers around the globe are exploring many therapeu-
tic strategies to develop an effective treatment regimen for
COVID-19. Immunotherapeutic strategies, such as convales-
cent plasma and IVlg, are potential therapeutic options for
managing COVID-19 patients. The benefits of using conva-
lescent plasma in SARS-CoV-2-infected patients outweigh
the risks by a considerable margin. With the lack of specific
antivirals or vaccines against COVID-19, convalescent plasma
is potentially an immediately available therapeutic approach,
helping to minimize disease severity, prevent mortality, facil-
itate early recovery, and reduce viral load and lung pathol-
ogy. However, limitations such as the transmission of other
diseases, complications of anaphylaxis, ADE, pulmonary
edema, difficulty in procurement, and non-specificity needs
to be addressed through the development of specific enti-
ties like mAbs. Specific mAb-based immunotherapeutics can
target a specific antigenic epitope on SARS-CoV-2, thus act-
ing efficiently against the virus. mAbs against the RBD of the
S1 subunit of Spike protein show virus neutralization activity
and have the potential to become a targeted therapy
against the virus. Researchers have already identified a few
such neutralizing antibodies, and they are under preclinical
development stage. It will take several months or even years
to develop SARS-CoV-2-specific mAbs if the conventional
drug development approach is taken. Considering the pan-
demic situation, expedited approval of the promising mAbs
is possible if the safety and efficacy are proven even in
a small number of patients. There is also a need for identify-
ing new neutralizing antibodies with therapeutic potential
against COVID-19. The advances made in the development
of immunotherapeutics against SARS-CoV and MERS-CoV is
expected to fuel the development of suitable therapeutics
against SARS-CoV-2. Even though SARS-CoV and SARS-CoV-2
share some similarities in their domains, SARS-CoV-2-specific
immunotherapeutic approaches are required due to the lim-
ited cross-reactivity between these two closely related cor-
onaviruses. Some governments are considering the use of
immunity passports, a document that certifies an individual
has recovered from COVID-19 infection and immune to
SARS-CoV-2 to allow them to work in places where the risk
of acquiring infection is high [100,101]. However, this
approach needs scientific evidence based on the presence
of lasting neutralizing antibodies. At present, we have to rely



exclusively on convalescent plasma therapy, and it also
needs to be based on the virus neutralization activity of
the donor plasma to ensure the therapeutic benefit. Cell
based immunotherapeutic approaches using Natural Killer
cells, virus specific T cells, genetically engineered T cells
also need to be explored for treating COVID-19 patients. At
present, there is an urgent need for effective and safe mAb-
based immunotherapeutics suitable for all physiological
categories of humankind, which can be used to treat criti-
cally ill COVID-19 patients and prophylactically used to pro-
tect healthcare professionals, frontline workers, and naive
population at higher risk of acquiring the disease.
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