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Abstract
Introduction: Since the beginning of the pandemic caused by SARS-Cov-2, much research
has been done on possible treatments to combat the virus, but nothing has shown to be fully
effective and the vaccination process in Brazil experienced financial and logistical difficulties
in its course. In this context, Immunotherapy, already known and used clinically in the
treatment of other illnesses, is one of the alternatives to be explored for the treatment of
COVID-19, as it induces, through neutralizing antibodies, a rapid passive immunity in a short
period of time. Among the available strategies are the use of Convalescent Plasma,
Hyperimmune Equine Serum, Specific Intravenous Immunoglobulin G and Monoclonal
Antibodies.
Methods: This review consulted the databases Scielo, Science Direct, PubMed and Google
Scholar, from which 83 articles and 7 scientific texts, presented by public agencies, published
from 2016 to 2021, were selected.
Results: The article identifies and discusses how immunotherapy works against the disease
caused by SARS-Cov-2, what are the production technologies, benefits, risks, current
limitations and their perspectives in the context of the Brazilian public health system.
Conclusion: Several pre-clinical and clinical studies in progress evaluate the safety and
efficacy of these therapies in the clinical management of COVID-19. Of these, monoclonal
antibody is the most promising and technologically advanced product available at the moment.
Keywords: blood products, human plasma, IVIgG, immunotherapy, mAb, SARS-CoV-2.
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Introduction
In November 2002, the first case of atypical
pneumonia that occurred in Foshan City
(Guangdong Province, China) was
reported. The disease spread rapidly to
different countries, leading to the closure of
commercial establishments, schools and the
adoption of many restrictive measures to
stem its progress. The World Health
Lucena et al.

Organization (WHO) identified that the
causative agent of severe respiratory
syndrome was a new type of coronavirus,
unlike any other member of the
Coronaviridae family[1]
Nowadays, the pandemic caused by the
new coronavirus is already one of the
biggest health challenges faced by the
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world in this century2. WHO recently
declared South America as the new
epicenter of the COVID-19 pandemic and
Brazil has become one of the most affected
countries, with a total of tens of millions of
recorded cases so far[3]. While the
vaccination process in the country still in
progress, therapeutic strategies have been
proposed as alternative treatment to
patients affected by COVID-19, such as
studies for the redirection of antiviral and
anti-inflammatory drugs[4]. However, until
now there is no drug capable of controlling
the proliferation of the virus and the
treatment of patients with COVID-19 is
based on the control and relief of signs and
symptoms[5].
In this context, Immunotherapy is one of
the alternatives to be explored for the
treatment of covid-19 by inducing, through
neutralizing antibodies, a fast immunity,
passively, in a short period of time[6,7].
In SARS-CoV-2 infection, neutralizing
antibodies work by blocking the entry of
the infectious agent into the host cell, as the
antigen-antibody complex prevents the
virus's “S” (or “spike”) protein from
binding to the angiotensin converting
enzyme’s (ACE-2) receptor and the fusion
of viral and cell membranes occurs[8,9]. In
addition, antibodies also play antiinflammatory action and are able to activate
other body defense factors such as procoagulant or antifibrinolytic factors[10,11].
Within this proposal, the main therapeutic
strategies are the use of convalescent
plasma, hyperimmune equine serum,
intravenous immunoglobulin G and
monoclonal antibodies. This review aims to
identify how immunotherapy works against
COVID-19,
discuss
production
technologies, benefits, risks, current
limitations and what are their perspectives
in the context of the Brazilian public health
system.
Methodology:
This is a literature review that used the
databases Scielo, Science Direct, PubMed
Lucena et al.
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and Google Scholar, from which 83 articles
and 7 scientific texts were selected and
presented by public agencies, published
from 2016 to 2021. In the research of the
articles the descriptors COVID-19, SARSCoV-2, immunotherapy, convalescent
plasma, anti-SARS-CoV-2 intravenous
immunoglobulin G, monoclonal antiSARS-CoV-2 antibody, IgG purification
were used.
Results and discussion:
Convalescent Plasma: Convalescent
plasma can be defined as the liquid part of
the antibody-rich blood of a cured or
recovering patient of a disease of interest
and can therefore be used as a therapeutic
product after processing[12]. There are
records of the use of convalescent plasma
as a therapeutic alternative since the
Spanish flu pandemic, between 1917 and
1919; in addition to other contagious
respiratory diseases that do not have a
specific
treatment,
following
the
recommendation of the World Health
Organization[13].
To obtain convalescent plasma from
individuals recovered from COVID-19, the
donor's whole blood is collected in the
blood center and the plasma component is
separated, using the physical principle of
centrifugation. After processing, the
convalescent plasma is then transfused to
the patient affected with the disease. The
collection can also be done by plasma
apheresis, a procedure in which a blood
component is separated and removed from
the organism through the use of automated
equipment and immediately transfused to
the receptor. With apheresis it is possible to
obtain up to 800 mL of plasma from a single
donation. This method helps to preserve the
natural activity of the plasma and allows for
a selective collection of the blood
fraction[14,15,16].
Hyperimmune
Equine
Serum:
Hyperimmune serum is an IgG-type
immunoglobulin concentrate derived from
the blood plasma of horses and used
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therapeutically
antigens[17].

to

neutralize

viral

Serotherapy has historically been used to
treat diseases such as tetanus, venomous
animal accidents, and prophylactically in
cases involving rabies virus-carrying
animals[18,19]. Since the early years of this
century, there have been studies that relate
the use of hyperimmune serum to the
treatment of viruses caused by the
Coronaviridae family[20].
The production process takes place initially
by inoculating the antigen in the horse.
After the time necessary for the
development of immunity, the animal's
blood is collected, coagulated and
centrifuged, in order to obtain plasma
serum. This serum should undergo a
treatment with fractionation steps, which
involve protein precipitation by ammonia
salts (salting out phenomenon) and
digestion, in which pepsin is added to
remove the Fc fraction of antibodies; as
well as steps to reduce and inactivate the
viral load, which may be by incubation at
acidic pH and a final stage of sterilizing
filtration, resulting in a biological product
for intramuscular application[21,22,23].
Specific Intravenous Immunoglobulin G
(IVIgG): Intravenous Immunoglobulin G
(IVIgG) is a finished pharmaceutical
product consisting of a G immunoglobulin
concentrate isolated and purified from the
plasma of healthy donors with high titer of
specific antibodies against a particular
pathogen[8].
IVIgG is used in the treatment of
autoimmune diseases, primary and
secondary
immunodeficiencies,
inflammatory and neuroimmune disorders,
as well as in cases of sequelae related to
infections[8].
In order to produce intravenous
immunoglobulin G, the hemoderivatives
industry collects plasma bags from blood
centers and, from a pool, initiates the
process of plasma fractionation by cold
Lucena et al.
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ethanol, cryoprecipitation or precipitation
by polyethylene glycol (PEG). For the
reduction and inactivation of the viral load,
the fractionated plasma pool goes through
the incubation steps in acidic pH,
solvent/detergent treatment (0.3% tri-nbutyl phosphate and 1% polysorbate 80 to
37 °C) and pasteurization. Ion exchange
chromatography or ultrafiltration can be
used to purify the product. Finally,
sterilizing filtration is performed[24,25].
Monoclonal
Antibody
(mAb):
Monoclonal antibodies are selective
antibodies to a specific viral antigen and are
named because they are produced from a
single clone of B lymphocytes[26]. They
are biological products with high
specificity and can have effector functions
modulating different effects in the
organism, depending on the pathogen[27].
The development of technologies capable
of isolating and cloning antibodies has
made it possible to expand its therapeutic
use in the fields of oncology and
autoimmune diseases[28]. Its production is
made from mammalian cells, traditionally
Chinese Hamster Ovary cells (CHO),
prepared in the laboratory to express
antibodies. These cells are grown in
bioreactors for one or two weeks until the
desired amount of antibodies produced by
CHO cells is reached. Subsequently, the
purification process of these antibodies,
which can use centrifugation, filtration,
affinity chromatography, or ion exchange,
is initiated; followed by viral inactivation
steps[29,30].
Monoclonal
antibodies
directed to different pathogens can be
combined to achieve synergistic or additive
effects and thus expand the possibilities of
use[31,32]. Currently many preclinical and
clinical studies are underway to evaluate
treatments with monoclonal antibodies
against hard-to-treat diseases such as AIDS,
Ebola and COVID-19[33].
Immunotherapy
and
Vaccine:
Immunotherapy
consists
in
the
administration of antibodies against a given
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antigen, conferring a passive immunity. On
the other hand, vaccination provides an
active immunization, which takes time,
depending on each organism, to fully
develop[34].
For
this
reason,
immunotherapy can be considered as a
means of providing immediate immunity to
people susceptible to a particular disease. A
general principle of passive antibody
therapy is that it is more effective when
used for prophylaxis than for disease
treatment. When used for therapy, the
antibody is most effective when
administered shortly after the onset of
symptoms[35].
Convalescent Plasma as the First
Immunotherapeutic Strategy Against
Covid-19: Historically, convalescent
plasma is used as a therapeutic or
prophylactic strategy in cases where there
is no specific treatment for a disease, as it
may be available once a minimum number
of recovered patients who are fit to be
plasma donors containing antibodies is
reached[36]. Its use dates back to 1890,
when a pool containing polyclonal
antibodies was first used to protect against
bacterial toxins before the introduction of
antimicrobials[37]. This therapy was
successful during epidemics of the
H1N1[38] and Ebola[39] viruses, in which
the group of patients in whom convalescent
plasma was administered achieved a
reduction in mortality levels; and MERSCoV, the causative agent of the Middle East
Respiratory
Syndrome,
in
which
researchers began to track specific
antibodies in convalescent plasma, using
ELISA immunoenzymatic test, in an
attempt to prove the effectiveness of this
immunotherapy[40].
Regarding the use of Convalescent Plasma
in the treatment of COVID-19, studies
evaluated an improvement in the clinical
status of patients affected by SARS-Cov-2
virus[41,42,43], however, the small number
of the analyzed sample and the lack of a
control group make necessary new
randomized clinical trials, well delineated,
Lucena et al.
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with a more significant "n" of participants;
to be sure of the validity and effectiveness
of the method[44]. A study by Ferrari et al.
also suggests that patients with COVID-19
who had hematological disorders and were
immune depressed due to chemotherapy,
showed a good tolerance to treatment with
convalescent plasma and that this therapy
contributed
to
their
clinical
improvement[45]. The protocol used in
clinical
studies
consists
of
the
administration of one or two units of
convalescent plasma, depending on the
body mass index, with volume of about 200
mL, during 1 hour of transfusion[46]. It is
recommended
that
the
timeliest
administration period is in the first 7 days;
there is a good efficacy within 14 days and
is no longer indicated beyond three weeks
after the onset of the disease. It is important
that therapy is performed during the viral
replication stage[47].
Although its efficacy and safety have not
yet been fully proven, treatment with
Convalescent Plasma may be a valid option
in the treatment and / or prophylaxis of
various infectious diseases, both in
association with other preventive measures,
and as the only therapy when a specific
treatment is not available[48,49]. This
explains the fact that it was one of the first
treatments used against COVID-19. It does
not usually cause significant adverse
effects, but some patients reported
shivering
and
low
fever
after
transfusion[50]. In rare cases, there may be
phlebitis, generalized jaundice and
anaphylaxis[51]. Focosi suggests that a
convalescent plasma unit may contain
different soluble factors from which
benefits can be expected, such as antiinflammatory cytokines or, in ABOcompatible units, anti-A isoagglutinins,
which apparently inhibit the entry of
SARS-Cov-2 in the human cell[52]. Its
main limitation is the low number of donors
with high antibody titers available[53]. As
a disadvantage, it is possible to cite shortterm protection, according to the time that
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antibodies remain circulating in the
bloodstream[54] and the lack of
standardization, since it is not based on a
standardized product, given that plasma
samples are not grouped and used
individually[33]. Finally, there are noninfectious risks associated with transfusion,
including transfusion reactions such as
acute pulmonary injury associated with
transfusion, which can worsen respiratory
disease in COVID-19, especially those who
are already using supplemental oxygen
and/or intubated[55].
The Production of Hyperimmune
Equine Serum Anti Sars-Cov-2 in Brazil:
Hyperimmune equine serum, which
consists of a concentrate of heterologous
polyclonal antibodies, formed by intact
immunoglobulin G (IgG) molecules or with
the digested Fab portion, with F(ab')2
fractions[56]; has been commonly used for
post prophylaxis -exposure as in the cases
of tetanus, diphtheria, or rabies; and in
emergencies caused by infectious diseases
that can be prevented and treated by
antimicrobials[57].
The first study using the hyperimmune
serum of horses dates from the end of the
19th century, in which the researcher Émile
Roux managed to successfully treat cases of
tetanus, pneumonic and bubonic pests, but
it was the Brazilian physician Vital Brazil
who first demonstrated the relationship
between antigenic specificity and treatment
with serotherapy. Since then, this has
become the established therapy against
animal venom, or prophylactically in
patients carrying rabies virus; where
plasma or serum equine is used as a source
of polyclonal antibodies[58]. In Brazil, the
Vital Brazil Institute, the Butantan Institute
and the Ezequiel Dias Foundation are the
main centers producing hyperimmune
serum[21]. Currently, a hyperimmune
serum produced from the immunization of
horses exposed to viral trimetric S proteins
is being produced at the Vital Brazil
institute, in partnership with the Federal
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University
of
Rio
de
Janeiro
(UFRJ)[59,60].
The anti SARS-Cov-2 serum developed by
Brazilian researchers so far has been shown
to be effective in in vitro assays. The F(ab')
2 concentrate was able to recognize the
trimeric S protein, both in the ELISA test,
displaying a titer of 1:1,000,000, and in cell
culture, binding specifically to infected
cells. Neutralizing titers also reached high
values: 1:32,000, about 100 times more
than the neutralizing titers of the
convalescent plasmas of three patients
recovered from COVID-19, used for
comparison purposes[60]. In May 2021, the
Brazilian Health Surveillance Agency
authorized the beginning of clinical
research in humans with the anti-SARSCoV hyperimmune serum developed by the
Butantan Institute. Thus, it will be possible
to produce reliable data on the safety and
efficacy of the product[61] (ANVISA,
2021).
The production of heterologous polyclonal
antibodies, such as hyperimmune equine
serum, has been undergoing modernization
processes since it was first used, in 1890, in
order to increase safety for those who use
it; following the guidelines of the World
Health
Organization
(WHO)
for
production, control and regulation[62]
(WHO, 2017). This therapy presents risks
of hypersensitivity reactions and, in rare
cases, anaphylactic reactions. However, the
animals used as bioreactors are increasingly
controlled, monitored, kept in isolation and
constantly evaluated. When they began to
be produced, these serums generated
products that contained fractions of other
animal proteins that were not IgG, favoring
the manifestations of adverse reactions.
Over the years, technical-scientific
advances have enabled productive
technologies
to
incorporate
immunoglobulin digestion processes and
new purification techniques[63]. Each
manufacturer uses its own production route,
but the digestion of immunoglobulins
provided to be a necessary step, as it
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promotes the removal of the Fc fraction,
along with other non-specific proteins;
which increases the degree of purity and
decreases possible inflammatory responses
of the organism, mainly reactions of the
type Antibody-Dependent Enhancement
(ADE), which will be discussed later in this
article (Section 3.10).
IVIgG Therapy for Covid-19 and
Associated Diseases: Characterized as a
hemoderivative drug obtained from a pool
of human plasma containing homologous
antibodies purified by physicochemical
processes, intravenous Immunoglobulin G
(IVIgG) provides passive immunological
protection against a wide range of
pathogens and is the first line therapy for
many autoimmune and inflammatory
diseases[64]. Because it has a standardized
concentration of neutralizing IgG’s per
volume, measured by viral neutralization
test, it is considered of a superior quality to
convalescent plasma. It is recommended
that IVIgG should replace convalescent
plasma in therapy as soon as it becomes
available[57].
Regarding SARS-Cov-2 infection, a case
study conducted in China[65] evaluated the
prognosis evolution of three patients
affected by COVID-19, considered in
severe condition by the medical team, using
high doses of intravenous immunoglobulin
G: 0,3-0,4 g/kg/day for 5 days. All of them
had normalization of temperature within
two days of treatment and relief of
respiratory symptoms within five days.
However, two of these patients had
concomitant use of antiviral drugs and the
third, steroids; which the authors consider
to be a confounding factor.
In a multicenter cohort study[66], Shao et
al. evaluated the efficacy of IVIgG in
severe COVID-19 patients admitted to a
Chinese hospital. Of the 325 patients, 174
received IVIgG along with additional
therapies, which included antibiotics,
antivirals and corticosteroids. Comparison
with the control group showed that the use
of high doses of IVIgG (0.1-0.5 g
Lucena et al.
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kg/day/during 5-15 days) resulted in an
improvement of patients in critical
condition66.
Another
retrospective
study[67] by Xie et al. also confirmed the
therapeutic benefits of IVIgG against
SARS-Cov-2 when the therapy is initiated
early: the reduction of the use of
mechanical ventilation, reduction of
hospital stay-time and improvement of the
prognosis, with faster recovery of
patients[67]. Phase 2, 3 and 4 double-blind
randomized Clinical Trials are registered in
the United States, France, Spain, China and
Ukraine (NCT04500067, NCT04411667,
NCT04480424,
NCT04432324,
NCT04350580,
NCT04400058,
NCT04261426, NCT04403269) [64]. This
method of analysis may provide more
reliable data regarding the effectiveness of
this treatment. It is important to note that
immunoglobulins collected in different
countries or continents may vary among
themselves, as lifestyle, diet and the
environment play an important role in the
development of specific antibodies against
the virus. Thus, it would be ideal to treat
infected patients using IgG’s collected in
the same demographic region, to increase
the chances of viral neutralization[68].
SARS-Cov-2 infection can also trigger
complications such as autoimmune and
inflammatory diseases, including pediatric
inflammatory multisystem syndrome,
Guillain-Barre syndrome, and idiopathic
thrombocytopenic purpura. IVIgG therapy,
since it is traditionally used for this
purpose, would benefit patients with these
rare
pathological
manifestations
associated[69,70].
Compared to heterologous antibody
therapy, homologous antibodies have the
advantage of provoking fewer adverse
reactions. However, there may be a
difficulty in finding suitable donors with
sufficient antibody titers for the production
of IVIgG[21].
Therapy with Monoclonal Vs. Polyclonal
Antibodies: The current use of monoclonal
antibodies (mAbs) for COVID-19 is limited
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to bedside administration in controlled
clinical trials. During pre-clinical trials, it
was demonstrated that passive antibody
transfer occurred in animal models[71].
Initial results in human patients were also
promising. Two randomized, double-blind
clinical trials aimed at assessing whether
monoclonal antibodies are effective in
preventing SARS-Cov-2 infection are
currently being conducted in the United
States. The first (NCT04497987) indicated
a low incidence of severe cases in patients
treated with LY-Cov555 (Bamlanivimab)
compared to the group that used
placebo[72] (LILLY, 2020). In the second
(NCT04452318), the cocktail of REGNCOV2 antibodies (Casirivimab) quickly
reduced viral load and symptoms
associated with COVID-19 in hospitalized
patients[73]
(REGENERON,
2020).
Currently these trials are in phase 3 and
involve adults who are at risk of infection
due to close contact with people with
SARS-Cov-2 infection[74] (NIH, 2020).
Likewise, monoclonal antibodies have
shown promising results for use in the
treatment of COVID-19, in addition to
prophylactic use. In 2020 Russia approved,
for emergency use, the use of Levilimab in
patients hospitalized with COVID-19,
which managed to significantly reduce the
number of deaths from the disease[75]
(BIOCAD, 2020). Kaplon estimates that
there are more than 200 clinical trials in
progress between phases 2 and 3 that use
mAbs
therapeutically
or
prophylactically[71].
The advantages and disadvantages of
monoclonal antibody therapy compared to
polyclonal antibodies are well discussed in
the literature. mAbs can reduce the risk of
contamination by pathogens that may not
be detected in polyclonal antibody
products[33]. In addition, mAbs can be
redesigned in the laboratory in order to
have their characteristics more refined, as is
the case of antibodies made up of a single
variable heavy chain (nanobodies);
conjugated to other drugs; bispecific; or
Lucena et al.
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those that have their Fc fraction modified to
prevent
the
triggering
of
ADE
reactions[76,77,78]; and its production can
be expanded and mass-produced by in vitro
cultures.
In contrast, by targeting a specific epitope,
monoclonal antibodies may lose their
effectiveness in case of mutations of the
SARS-Cov-2 virus, which is a major
disadvantage[79]. Targeting the site of
infection is another important obstacle.
Because the immunoglobulin isotope used
in the production of most commercially
available human mAbs is IgG type 1, which
has limited access to mucosal tissues,
achieving relevant concentrations in sites
such as the respiratory tract is a challenge
to be overcome in the development stage of
these drugs[26].
The financial issue must also be taken into
account, since the production of mAbs is
more expensive in relation to polyclonal
antibodies, and may limit access to
medication
to
a
part
of
the
population[80,81].
Table 1 presents a comparison between the
different immunotherapeutic strategies for
the treatment of COVID-19.
The Challenge of Ade Reactions in the
Administration of Immunotherapy: The
SARS-Cov-2 virus penetrates the host cell
through its S protein (transmembrane peak
glycoprotein), which forms a homotrimer,
projects from the viral surface and binds to
the angiotensin-2-converting enzyme
receptor (ACE-2) expressed on the surface
of epithelial cells, including those located
in the airways. The host receptor binding
process is mediated by the S1 subunit
through the receptor binding domain
(RBD). After binding to the ACE-2
receptor, the proteolytic activation of the S2
subunit is responsible for the fusion
between
the
viral
and
cellular
membranes[82].
Neutralizing antibodies act by binding to
the S1 and S2 subunits of the SARS-CoV2 virus, preventing its coupling to the ACE2 receptor and subsequent viral penetration
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and replication in the host cell[8].
Immunoglobulins may also target the
cytokine storm that occurs in COVID-19,
by reciprocal regulation of effector cells
Th1, Th17; regulatory T cells; and
inhibition of the activation of innate
immune
cells
and
secretion
of
inflammatory mediators, with the reduction
of IL-6 and C-reactive protein64. However,
the quality and quantity of the antibody
response influence the functional results.
High affinity neutralizing antibodies can
block the pathogen's action, but large
proportions of non-neutralizing antibodies
and early serum conversion are reported to
be correlated with increased disease
severity in patients with COVID-19
through
an
antibody-dependent
exacerbated reaction, or ADE reaction[83].
Firstly proposed as an underlying effect of
hemorrhagic dengue fever[84], the
mechanism of ADE reactions is not
completely understood, but it is known that
in these cases low quality, low quantity and
non-neutralizing antibodies bind to virus
particles through the Fab domain. , while
the coupling of the Fc domain and Fc
domain receptors (FcRs) expressed in lung
monocytes and macrophages facilitates
viral penetration into the host cell and
signals the activation of a storm of proinflammatory cytokines such as L-1β, IL- 2,
IL-6, IL-17, IL-8, TNF and CCL-2;
triggering systemic hyperinflammation and
exerting the opposite effect to neutralizing
immunoglobulins[71,85]. This structure
determines the development of a Systemic
Inflammatory Response Syndrome (SIRS)
with increased damage to pulmonary
ventilatory capacity that results in severe
fibrosis[86,87,88]. It is believed that there
is a genetic predisposition for this type of
response, and further studies are needed to
clarify the reasons why some patients with
SARS-CoV-2 develop SIRS[47,89].
Theoretically, ADE-type reactions may
exacerbate COVID-19 infection in patients
who have used immunotherapeutic drugs
that have not been tested for SARS-CoV-2Lucena et al.
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specific neutralizing antibodies. In
addition, administration of passive
antibodies can suppress the humoral
immune system of the receptor from
generating pathogen-specific antibodies,
leaving the individual susceptible to
reinfection, as in a negative feedback[90].
To prevent the occurrence of ADE-type
reactions,
the
production
of
immunotherapeutic drugs already includes
the removal of the Fc fraction of specific
immunoglobulins against the SARS-CoV-2
virus[21].
Conclusions: In order to combat the
increasing number of COVID-19 cases in
Brazil, as well as the high rate of deaths
caused by the disease, the advent of
vaccines is undoubtedly the best long-term
immunological approach. However, in the
current epidemiological and health
emergency, it is necessary to propose more
emergency
solutions,
such
as
Immunotherapy. In addition, future
generations may benefit, in possible health
crises, from the development of
immunotherapeutic
drug
production
technologies, which have the potential to
aid in the prophylaxis and treatment of
various
viral
diseases,
infectious,
autoimmune and inflammatory. Among the
different immunotherapeutic strategies
currently under study for the treatment of
COVID-19 are convalescent plasma,
hyperimmune
serum,
specific
immunoglobulin G, and monoclonal
antibodies. Of these, monoclonal antibody
is the most promising and technologically
advanced product available at the moment.
Immunotherapeutics
are
life-saving
biological drugs. Now the results of clinical
trials conducted at the moment will be
fundamental to prove their efficacy and
safety in the clinical management of
COVID-19.
Acknowledgments: The authors would
like to thank Pernambuco State Science and
Technology
Foundation
(FACEPE),
Coordination for the Improvement of
Higher Education Personnel (CAPES) and

International Journal of Pharmaceutical and Clinical Research

42

International Journal of Pharmaceutical and Clinical Research

the Federal University of Pernambuco for
their support in the development of this
work.
References:
1. Boschetti, N., Stucki, M., Späth, P. J.,
Kempf, C. Virus safety of intravenous
immunoglobulin. Clin
Rev
Allergy Immunol. 2005; 29(3): 333344.
2. Ferreira, L. L., Andricopulo, A. D.
Medicamentos e tratamentos para a
Covid-19. Estud Av., 2020; 34: 7-27.
3. Urban, R. C., Nakada, L. Y. K. COVID19 pandemic: Solid waste and
environmental impacts in Brazil. Sci.
Total Environ. 2021; 755: 142471.
4. Salemme, V. C., Conti, L. B. C. B.,
Wietheauper, G. G., Nicolau, L. A. D.,
de Sousa Gehrke, F., de Oliveira, J. V.,
et al. Análise dos fármacos disponíveis
para o tratamento farmacológico de
pacientes
com
COVID-19. Int J
Healthc Manag. 2021; 7(2).
5. Singhal, T. A review of coronavirus
disease-2019 (COVID-19). Indian J
Pediatr. 2020; 87(4): 281-286.
6. Chen, L., Xiong, J., Bao, L., Shi, Y.
Convalescent plasma as a potential
therapy for COVID-19. Lancet Infect
Dis. 2020; 20(4): 398-400.
7. Lotfi, M., Hamblin, M. R., Rezaei, N.
COVID-19: Transmission, prevention,
and
potential
therapeutic
opportunities. Clin. Chim. Acta. 2020;
508: 254-266.
8. Nguyen, A. A., Habiballah, S. B., Platt,
C. D., Geha, R. S., Chou, J. S.,
McDonald, D. R. Immunoglobulins in
the treatment of COVID-19 infection:
proceed with caution!. Clin Immunol.
2020; 216: 108459.
9. Rojas, M., Rodríguez, Y., Monsalve, D.
M., Acosta-Ampudia, Y., Camacho, B.,
Gallo, J. E., et al. Convalescent plasma
in Covid-19: Possible mechanisms of
action. Autoimmun Rev. 2020; 19(7):
102554.

Lucena et al.

e-ISSN: 0975-1556, p-ISSN:2820-2643

10. Casadevall, A., Pirofski, L. A. The
convalescent sera option for containing
COVID-19. J Clin Investig. 2020;
130(4): 1545-1548.
11. Gupta, A., Karki, R., Dandu, H. R.,
Dhama, K., Bhatt, M. L., Saxena, S. K.
COVID-19: benefits and risks of
passive
immunotherapeutics. Hum. Vaccines I
mmunother. 2020; 16(12): 2963-2972.
12. Joyner, M. J., Carter, R. E., Senefeld, J.
W., Klassen, S. A., Mills, J. R.,
Johnson, P. W., et al. Convalescent
plasma antibody levels and the risk of
death from Covid-19. N Engl J Med.
2021; 384(11): 1015-1027.
13. Cao, H., Shi, Y. Convalescent plasma:
possible therapy for novel coronavirus
disease. Transfusion. 2020; 60(5):
1078.
14. Bloch, E, M., Bailey, J. A., Tobian, A.
A. R. Deployment of convalescent
plasma for the prevention and treatment
of COVID-19. J Clin Investig. 2020;
130(6): 2757-2765.
15. Focosi, D., Anderson, A. O., Tang, J.
W., Tuccori, M. Convalescent plasma
therapy for COVID-19: state of the
art. Clin Microbiol Rev. 2020; 33(4):
e00072-20.
16. Santos, E. S., Lima, F. L. O. Uso do
plasma convalescente como método de
tratamento da doença do coronavírus
2019 (COVID-19). Hematol Transfus
Cell Ther. 2020; 42: 566.
17. Pelletier, J., Peter R., Mukhtar, Faisal.
Passive Monoclonal and Polyclonal
Antibody Therapies. Immunologic
Concepts in Transfusion Medicine.
2020; 251-348.
18. Edries, S. M., E., A El–Tantawy, L., R
Abdel Aziz, W., HM, I., AA AlShamandy, O. Evaluation Of AntiRabies Hyperimmune Serum Prepared
Using Different Adjuvants. Journal of
Applied Veterinary Sciences. 2020;
5(1): 17-21.
19. León, G., Vargas, M., Segura, Á.,
Herrera, M., Villalta, M., Sánchez, A.,

International Journal of Pharmaceutical and Clinical Research

43

International Journal of Pharmaceutical and Clinical Research

et al. Current technology for the
industrial manufacture of snake
antivenoms. Toxicon. 2018; 151: 6373.
20. Lai, C. C., Shih, T. P., Ko, W. C., Tang,
H. J., Hsueh, P. R. Severe acute
respiratory syndrome coronavirus 2
(SARS-CoV-2)
and
coronavirus
disease-2019
(COVID-19):
The
epidemic and the challenges. Int. J.
Antimicrob. Agents. 2020; 55(3):
105924.
21. da Costa, C. B., Martins, F. J., da
Cunha, L. E., Ratcliffe, N. A., de Paula,
R. C., Castro, H. C. COVID-19 and
Hyperimmune sera: A feasible plan B to
fight
against
coronavirus. Int.
Immunopharmacol. 2021; 90: 107220.
22. Kurtović, T., Lang Balija, M., Brgles,
M., Sviben, D., Tunjić, M., Cajner, H.,
et al. Refinement strategy for
antivenom preparation of high yield and
quality. PLOS Negl. Trop. Dis. 2019;
13(6) : e0007431.
23. Valedkarimi, Z., Nasiri, H., AghebatiMaleki,
L.,
Abdolalizadeh,
J.,
Esparvarinha, M., Majidi, J. Production
and characterization of anti-human IgG
F (ab’) 2 antibody fragment. Hum
antibodies. 2018; 26(4): 171-176.
24. Ferreira, A. M., Faustino, V. F.,
Mondal, D., Coutinho, J. A., Freire, M.
G. Improving the extraction and
purification of immunoglobulin G by
the use of ionic liquids as adjuvants in
aqueous
biphasic
systems. J.
Biotechnol. 2016; 236: 166-175.
25. Ramalho, C. C., Neves, C. M., Quental,
M. V., Coutinho, J. A., Freire, M. G.
Separation of immunoglobulin G using
aqueous biphasic systems composed of
cholinium‐based ionic liquids and poly
(propylene glycol). J Chem Technol
Biotechnol. 2018; 93(7): 1931-1939.
26. Castelli, M. S., McGonigle, P., Hornby,
P. J. The pharmacology and therapeutic
applications
of
monoclonal
antibodies. Pharmacol Res Perspect.
2019; 7(6): e00535.
Lucena et al.

e-ISSN: 0975-1556, p-ISSN:2820-2643

27. Tkaczyk, C., Kasturirangan, S., Minola,
A., Jones-Nelson, O., Gunter, V., Shi,
Y. Y., et al. Multimechanistic
monoclonal
antibodies
(MAbs)
targeting Staphylococcus aureus alphatoxin and clumping factor A: activity
and efficacy comparisons of a MAb
combination and an engineered
bispecific
antibody
approach. Antimicrob
Agents
Chemother. 2017; 61(8): e00629-17.
28. Hafeez, U., Gan, H. K., Scott, A. M.
Monoclonal
antibodies
as
immunomodulatory therapy against
cancer and autoimmune diseases. Curr
Opin Pharmacol. 2018; 41: 114-121.
29. Kelley, B. Developing therapeutic
monoclonal antibodies at pandemic
pace. Nat Biotechnol. 2020; 38(5): 540545.
30. Shukla, A. A., Wolfe, L. S., Mostafa, S.
S., Norman, C. Evolving trends in mAb
production processes. Bioeng Transl
Med. 2017; 2(1): 58-69.
31. Lu, R. M., Hwang, Y. C., Liu, I. J., Lee,
C. C., Tsai, H. Z., Li, H. J., et al.
Development of therapeutic antibodies
for the treatment of diseases. J Biomed
Sci. 2020; 27(1): 1-30.
32. Zhang, L., Liu, Y. Potential
interventions for novel coronavirus in
China: A systematic review. J Med
Virol. 2020; 92(5): 479-490.
33. Pecetta, S., Finco, O., Seubert, A.
Quantum leap of monoclonal antibody
(mAb) discovery and development in
the
COVID-19
era.
Semin.
Immunol. 2020; 101427.
34. Tiberghien, P., de Lamballerie, X.,
Morel, P., Gallian, P., Lacombe, K.,
Yazdanpanah, Y. Collecting and
evaluating convalescent plasma for
COVID-19 treatment: why and how?
Vox Sang. 2020; 115(6):488-494.
35. Sun, M. A potentially effective
treatment for COVID-19: A systematic
review
and
meta-analysis
of
convalescent plasma therapy in treating

International Journal of Pharmaceutical and Clinical Research

44

International Journal of Pharmaceutical and Clinical Research

severe infectious disease. Int J Infect
Dis. 2020; 98: 334–346.
36. Borrasca, J. R. V., de Oliveira Tiera, L.,
Garcia, L., Advíncula, M. G., Segantini,
T. G., de Mendonça, T. M. M., et al.
Plasma convalescente como alternativa
ao tratamento aplicado à Covid19. Revista Brasileira Multidisciplinar.
2020; 23(3), 244-258.
37. Sullivan, H. C., Roback, J. D.
Convalescent plasma: therapeutic hope
or hopeless strategy in the SARS-CoV2 pandemic. Transfus Med Rev. 2020.
38. Hung I.F., To, K.K., Lee, C.K., Lee,
K.L., Chan, K., Yan, W.W., et al.
Convalescent plasma treatment reduced
mortality in patients with severe
pandemic influenza A (H1N1) 2009
virus infection. Clin Infect Dis. 2011;
52(4): 447-56.
39. Van Griensven, J., Edwards, T., de
Lamballerie, X., Semple, M. G.,
Gallian, P., Baize, S., et al. Evaluation
of convalescent plasma for Ebola virus
disease in Guinea. N Engl J Med. 2016;
374(1): 33-42.
40. Arabi, Y. M., Hajeer, A. H., Luke, T.,
Raviprakash, K., Balkhy, H., Johani, S.,
et al. Feasibility of using convalescent
plasma immunotherapy for MERSCoV infection, Saudi Arabia. Emerg.
Infect. Dis. 2016; 22(9): 1554.
41. Perotti, C., Baldanti, F., Bruno, R., Del
Fante, C., Seminari, E., Casari, S., et al.
Mortality reduction in 46 patients with
severe COVID-19 treated with
hyperimmune plasma. A proof-ofconcept,
single-arm,
multicenter
trial. Haematologica. 2020; 105(12):
2834.
42. Salazar, E., Christensen, P. A., Graviss,
E. A., Nguyen, D. T., Castillo, B., Chen,
J., et al. Treatment of coronavirus
disease 2019 patients with convalescent
plasma reveals a signal of significantly
decreased mortality. Am. J. Clin.
Pathol. 2020; 190(11): 2290-2303.
43. Shen, C., Wang, Z., Zhao, F., Yang, Y.,
Li, J., Yuan, J., et al. Treatment of 5
Lucena et al.

e-ISSN: 0975-1556, p-ISSN:2820-2643

critically ill patients with COVID-19
with
convalescent
plasma. Jama.
2020; 323(16): 1582-1589.
44. Chai, K.L., Valk, S.J., Piechotta, V.,
Kimber, C., Monsef, I., Doree, C., et al.
Convalescent plasma or hyperimmune
immunoglobulin for people with
COVID-19: a living systematic review.
Cochrane Database Syst Rev. 2020.
45. Ferrari, S., Caprioli, C., Weber, A.,
Rambaldi,
A.,
Lussana,
F.
Convalescent hyperimmune plasma for
chemo-immunotherapy
induced
immunodeficiency
in
COVID-19
patients
with
hematological
malignancies. Leuk Lymphoma.
2021; 62(6): 1490-1496.
46. Sostin, O. V., Rajapakse, P., Cruser, B.,
Wakefield, D., Cruser, D., Petrini, J. A
matched cohort study of convalescent
plasma therapy for COVID‐19. J Clin
Apher. 2021.
47. Petrungaro, A., Quartarone, E.,
Sciarrone,
P.
Anti-SARS-CoV-2
hyperimmune
plasma
workflow. Transfus Apher Sci. 2020;
102850.
48. Hassan, M. O., Osman, A. A., Abd
Elbasit, H. E., Hassan, H. E., Rufai, H.,
Satti, M. M., et al. Convalescent plasma
as a treatment modality for coronavirus
disease 2019 in Sudan. Transfus Apher
Sci. 2020; 59(6): 102918.
49. Marano, G., Vaglio, S., Pupella, S.,
Facco, G., Catalano, L., Liumbruno, G.
M., et al. Convalescent plasma: new
evidence for an old therapeutic
tool?. Blood Transfusion. 2016; 14(2):
152.
50. Brown, B. L., McCullough, J.
Treatment
for
emergingviruses:
Convalescent plasma and COVID-19.
Transfus Apher Sci. 2020; 59(3): 1-5.
51. Joyner, M. J., Wright, R. S.,
Fairweather, D., Senefeld, J. W., Bruno,
K. A., Klassen, et al. Early safety
indicators of COVID-19 convalescent
plasma in 5000 patients. J Clin Investig.
2020; 130(9).

International Journal of Pharmaceutical and Clinical Research

45

International Journal of Pharmaceutical and Clinical Research

52. Focosi, D. Anti‐A isohaemagglutinin
titres and SARS‐CoV‐2 neutralization:
implications
for
children
and
convalescent plasma selection. Br J
Haematol. 2020; 190(3): e148-e150.
53. Huang, A. T., Garcia-Carreras, B.,
Hitchings, M. D., Yang, B., Katzelnick,
L. C., Rattigan, S. M., et al. A
systematic review of antibody mediated
immunity to coronaviruses: kinetics,
correlates of protection, and association
with severity. Nat Commun. 2020;
11(1): 1-16.
54. Zheng, K., Liao, G., Lalu, M. M.,
Tinmouth, A., Fergusson, D. A., Allan,
D. S. A Scoping Review of Registered
Clinical Trials of Convalescent Plasma
for COVID-19 and a Framework for
Accelerated Synthesis of Trial
Evidence–FAST Evidence. Transfus
Med Rev. 2020.
55. Goel, R., Tobian, A. A. R., Shaz, B. H.
Noninfectious transfusion-associated
adverse events and their mitigation
strategies. Blood. 2019; 133(17): 18311839.
56. Nascimento, A., Pinto, I. F., Chu, V.
Studies on the purification of antibody
fragments. Sep Purif Technol. 2018;
195: 388–397.
57. Focosi, D., Tuccori, M., Antonelli, G.,
Maggi, F. What is the optimal usage of
coronavirus disease 2019 convalescent
plasma donations?. Clin Microbiol
Infect. 2021; 27(2): 163-165.
58. Squaiella-Baptistão, C. C., Sant'Anna,
O. A., Marcelino, J. R., Tambourgi, D.
V. The history of antivenoms
development: Beyond Calmette and
Vital Brazil. Toxicon. 2018; 150: 8695.
59. Beserra, E. E., Falcão, B. M. R., do
Nascimento, D. P., Ferreira, A. G. M.,
da Rocha, R. C., da Fonseca Fernandes,
A. R. COVID-19 e a atuação do médico
veterinário no contexto da saúde
única. Res, Soc. Dev. 2020; 9(10):
e9069109411-e9069109411.

Lucena et al.

e-ISSN: 0975-1556, p-ISSN:2820-2643

60. Cunha, L. E. R., Stolet, A. A., Strauch,
M. A., Pereira, V. A., Dumard, C. H.,
Souza, P. N., et al. Equine
hyperimmune globulin raised against
the SARS-CoV-2 spike glycoprotein
has extremely high neutralizing
titers. BioRxiv. 2020.
61. ANVISA. Agência Nacional de
Vigilância Sanitária. Anvisa autoriza
testes do soro do Butantan. 2021. [cited
2021 Mai 15]. Available from: <
https://www.gov.br/anvisa/ptbr/assuntos/noticias-anvisa/2021/anvisaautoriza-testes-do-soro-do-butantan>.

62. WHO, Guidelines for the production,
control, and regulation of snake
antivenom immunoglobulins. 2017.
[cited 2021 Mai 15]. Available from:
http://www.who.int/bloodproducts/snak
e_antivenoms/snakeantivenomguide.

63. Dixit, R., Herz, J., Dalton, R., Booy, R.
Benefits of using heterologous
polyclonal antibodies and potential
applications to new and undertreated
infectious pathogens. Vaccine. 2016;
34(9): 1152-1161.
64. Galeotti, C., Kaveri, S. V., Bayry, J.
Intravenous
immunoglobulin
immunotherapy
for
coronavirus
disease‐19 (COVID‐19). Clin Transl
Immunol. 2020; 9(10): e1198.
65. Cao, W., Liu, X., Bai, T., Fan, H.,
Hong, K., Song, H., et al. High-dose
intravenous immunoglobulin as a
therapeutic option for deteriorating
patients with coronavirus disease 2019.
Open Forum Infect. Dis. 2020; 7(3):
ofaa102.
66. Shao, Z., Feng, Y., Zhong, L., Xie, Q.,
Lei, M., Liu, Z., et al. Clinical efficacy
of intravenous immunoglobulin therapy
in critical ill patients with COVID‐19: a
multicenter
retrospective
cohort
study. Clin Transl Immunol.2020;
9(10): e1192.
67. Xie, Y., Cao, S., Dong, H., Li, Q., Chen,
E., Zhang, W., et al. Effect of regular
intravenous immunoglobulin therapy
on prognosis of severe pneumonia in

International Journal of Pharmaceutical and Clinical Research

46

International Journal of Pharmaceutical and Clinical Research

patients with COVID-19. J Infect.
2020; 81(2): 318.
68. Jawhara, S. Could intravenous
immunoglobulin
collected
from
recovered coronavirus patients protect
against COVID-19 and strengthen the
immune system of new patients?. Int J
Mol Sci. 2020; 21(7): 2272, 2020.
69. Galeotti, C., Bayry, J. Autoimmune and
inflammatory
diseases
following
COVID-19. Nat. Rev. Rheumatol.
2020; 6(8): 413-414.
70. Pouletty, M., Borocco, C., Ouldali, N.,
Caseris, M., Basmaci, R., Lachaume,
N., et al. Paediatric multisystem
inflammatory syndrome temporally
associated
with
SARS-CoV-2
mimicking Kawasaki disease (KawaCOVID-19): a multicentre cohort. Ann
Rheum Dis. 2020; 79(8): 999-1006.
71. Kaplon, H., Reichert, J. M. Antibodies
to watch in 2021. Mabs. 2021;
1860476.
72. LILLY. Lilly announces proof of
concept data for neutralizing antibody
LY-CoV555 in the COVID-19
outpatient setting. 2020. [cited 2021
Mai
15].
Available
from:
<https://investor.lilly.com/newsreleases/news-release-details/lillyannounces-proof-concept-dataneutralizing-antibody-ly>.
73. REGENERON. Regeneron’s REGNCOV2 Antibody Cocktail Reduced
Viral Levels and Improved Symptoms
in
Non-Hospitalized
COVID-19
Patients, 2020; [cited 2021 Mai 15].
Available
from:
https://investor.
regeneron.com/news-releases/newsrelease-details/regenerons-regn-cov2ant >.
74. NIH. National Institutes of Health.
Clinical trials of monoclonal antibodies
to prevent COVID-19. 2020. [cited
2021 Mai 15]. Available from:
<https://www.
nih.gov/newsevents/news-releases/clinical-trialsmonoclonal-antibodies-prevent-covid19-now-enrolling>.
Lucena et al.

e-ISSN: 0975-1556, p-ISSN:2820-2643

75. BIOCAD. A drug against COVID-19
complications is registered in Russia.
2020. [cited 2021 Mai 15]. Available
from:
https://biocadglobal.com/post/Levilimab.
76. Cohen, J. Designer antibodies could
battle COVID-19 before vaccines
arrive. Science. 2020.
77. De Gasparo, R., Pedotti, M., Simonelli,
L., Nickl, P., Muecksch, F., Cassaniti,
I., et al. Bispecific IgG neutralizes
SARS-CoV-2 variants and prevents
escape
in
mice. Nature.
2021; 593(7859): 424-428.
78. Thomas, A., Teicher, B. A., Hassan, R.
Antibody–drug conjugates for cancer
therapy. Lancet Oncol. 2016; 17(6):
e254-e262.
79. Felsenstein, S., Herbert, J. A.,
McNamara, P. S., Hedrich, C. M.
COVID-19: Immunology and treatment
options. Clin. Immunol. 2020; 215:
108448.
80. Walker, L. M., Burton, D. R. Passive
immunotherapy of viral infections:
'super-antibodies' enter the fray. Nat
Rev Immunol. 2018; 18(5): 297.
81. Sparrow, E., Friede, M., Sheikh, M.,
Torvaldsen, S. Therapeutic antibodies
for infectious diseases. Bulletin of the
World Health Organization. 2017;
95(3): 235.
82. Walls, A. C., Park, Y. J., Tortorici, M.
A., Wall, A., McGuire, A. T., Veesler,
D. Structure, function, and antigenicity
of
the
SARS-CoV-2
spike
glycoprotein. Cell. 2020; 181(2): 281292.
83. Iwasaki, A., Yang, Y. The potential
danger of suboptimal antibody
responses in COVID-19. Nat Rev
Immunol. 2020; 20(6): 339-341.
84. Cloutier, M., Nandi, M., Ihsan, A. U.,
Chamard, H. A., Ilangumaran, S.,
Ramanathan,
S.
ADE
and
hyperinflammation in SARS-CoV2
infection-comparison with dengue
hemorrhagic fever and feline infectious
peritonitis. Cytokine. 2020; 155256.

International Journal of Pharmaceutical and Clinical Research

47

International Journal of Pharmaceutical and Clinical Research

85. Lu, L. L., Suscovich, T. J., Fortune, S.
M., Alter, G. Beyond binding: antibody
effector functions in infectious
diseases. Nat Rev Immunol. 2018;
18(1): 46-61.
86. McGonagle, D., Sharif, K., O’regan, A.,
Bridgewood, C. The role of cytokines
including Interleukin-6 in COVID-19
induced pneumonia and macrophage
activation syndrome-like disease.
Autoimmun Rev. 2020; 19: 102537.
87. Wan, Y., Shang, J., Sun, S., Tai, W.,
Chen, J., Geng, Q., et al. Molecular
mechanism for antibody-dependent
enhancement of coronavirus entry. J
Virol. 2020; 94(5): e02015-19.

Lucena et al.

e-ISSN: 0975-1556, p-ISSN:2820-2643

88. Zhang, B., Liu, S., Tan, T., Huang, W.,
Dong, Y., Chen, L., et al. Treatment
with convalescent plasma for critically
ill patients with severe acute respiratory
syndrome
coronavirus
2
infection. Chest. 2020; 158(1): e9-e13.
89. FLEMING, A. B. Current studies of
convalescent plasma therapy for
COVID-19 may underestimate risk of
anti-body dependent Enhancement. J
Clin Virol 2020;127:104388.
90. Wan, S., Yi, Q., Fan, S., Lv, J., Zhang,
X., Guo, L., et al. Characteristics of
lymphocyte subsets and cytokines in
peripheral blood of 123 hospitalized
patients with 2019 novel coronavirus
pneumonia (NCP). MedRxiv. 2020.

International Journal of Pharmaceutical and Clinical Research

48

