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ARTICLE INFO ABSTRACT

Keywords: Since the very beginning of the COVID-19 pandemic, different treatment strategies have been explored. These

COVID-19 mainly involve the development of antimicrobial, antiviral, and/or anti-inflammatory agents as well as vaccine

EARS-CQVQ production. However, other potential options should be more avidly investigated since vaccine production on a
oronavirus

Hyperimmune sera
Animal antibodies
Neutralizing titers

worldwide level, and the anti-vaccination movement, also known as anti-vax or vaccine hesitancy by many
communities, are still real obstacles without a ready solution. This review presents recent findings on the po-
tential therapeutic advantages of heterologous serotherapy for the treatment of COVID-19. We present not only
the effective use in animal models of hyperimmune sera against this coronavirus but also strategies, and pro-
tocols for the production of anti-SARS-CoV-2 sera. Promising antigens are also indicated such as the receptor-
binding domain (RBD) in SARS-CoV-2 S protein, which is already in phase 2/3 clinical trial, and the trimeric
protein S, which was shown to be up to 150 times more potent than the serum from convalescent donors. Due to
the high death rate, the treatment for those currently infected with coronavirus cannot be ignored. Therefore, the
potential use of anti-SARS-CoV-2 hyperimmune sera should be carefully but urgently evaluated in phase 2/3

clinical studies.

1. Introduction

Coronaviruses are spherical, enveloped viruses, composed of a
single-stranded RNA molecule (30 kilobases) belonging to the Corona-
viridae family [1-4]. They cause zoonoses, and infection in humans
resulting in respiratory clinical manifestations, ranging from mild to
severe, which can lead to the patients’ death [5-11].

The 21st century is characterized by the emergence of three coro-
navirus zoonoses of great medical importance [12]. The first started in
China in 2002 with the Severe Acute Respiratory Syndrome Coronavirus
1 (SARS-CoV-1), the second occurred in Saudi Arabia in 2012 with the
Middle East Respiratory Syndrome Coronavirus (MERS-CoV), and the
third once again in China with SARS-CoV-2 [5,13-17].

SARS-CoV-2 has a wide and rapid spread from person to person,
through droplets of saliva, sneezing, coughing, phlegm, handshakes, and
contact with contaminated objects and surfaces [18]. In March 2020, the
World Health Organization (WHO) already considered the coronavirus
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disease 2019 (COVID-19) as a pandemic. Up to the end of October 2020,
almost 45 million cases of COVID-19, and ca. 1.2 million deaths have
been recorded worldwide [19-22]. Many countries adopted social
distancing measures to try to minimize the progress of this pandemic,
which also had an important impact on the world economy [23,24].
The search for the most effective therapy against COVID-19 has
driven the research of several different forms of treatment including
antivirals [25-27], a combination of interferons, [28], corticosteroids
[29,30], protease inhibitors [31,32], convalescent plasma [33,34],
monoclonal, and polyclonal antibodies, and vaccines. However, until
now, no therapy has been considered fully efficient and adopted as the
official, and unique protocol, despite the drugs remdesivir (USA) and
dexamethasone (UK) having been approved for use [5,7,13,35,36].
Antibody immunotherapy has been studied for many years for the
treatment of some highly contagious diseases [37-39]. For example, the
administration of human polyclonal immunoglobulins or hyperimmune
animal sera for treatment against viruses [37] such as Hepatitis B and
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rabies has been applied with high effectiveness. Therapy with human
immunoglobulins for the treatment of SARS-CoV-1 has been tested and
shown to be successful and more recently, in October 2020, the exper-
imental monoclonal antibody (mAb) cocktail REGN-COV2 from
Regeneron Pharmaceuticals was used together with other drugs to treat
the president of the United States, Donald Trump infected with the
coronavirus [38]. Due to the high cost of these treatments, studies with
equine hyperimmune sera in anti-COVID therapies have also begun and
should be explored [36,39].

Vaccines should be preventive against the virus but the treatment for
those currently affected cannot be ignored due to the high death toll
occurring, among other reasons. Therefore, this review aims to explore
studies of the therapeutic potential for the application of heterologous
serotherapy as a feasible plan B of reasonable cost to treat COVID-19
patients.

2. COVID-19 and passive immunotherapy
2.1. Physiopathology and risk factors for COVID-19

COVID-19 is an acute respiratory disease caused by SARS-CoV-2 with
a complex clinical profile, from asymptomatic or mild symptoms to
deadly severe respiratory conditions. The whole complexity and severity
of symptoms to the viral infection, and/or patient response, are still
being established due to the different pathophysiological responses re-
ported worldwide [40-42]. Dry cough, fever, and tiredness are the most
common and mildest symptoms. Some patients may develop pain
(throat, head, and/or body), nasal congestion, heart damage, diarrhea,
nausea, vomiting, loss of smell, and taste and, in the most severe cases,
difficulty breathing and coagulation problems [1,41,43-45]. Elderly
people or those with comorbidities, such as high blood pressure, heart,
and lung problems, cancer, and diabetes, are more likely to develop the
most severe forms of the disease [40], which triggers the urgent search
for antiviral therapies, and vaccines [46].

The disease mechanism is largely unknown although recently a new
mechanistic theory has been published. In this, SARS-CoV-2 infection
produces an imbalance in the RAS (renin-angiotensin system), resulting
in elevation of bradykinin in multiple tissues causing increases in
vascular dilation and permeability, leading to hypotension. This process
results in the lungs filling with water and hyaluronic acid to form a gel
impeding the uptake of oxygen leading to many of the symptoms of
COVID-19 [47,48].

2.2. Vaccine and anti-vaccine movements

Many laboratories around the world have been investing in high-tech
research for the development of anti-COVID vaccines [48-54]. Impor-
tantly, the development of a vaccine is a complex process that requires
time and high investment. In 2018, a minimum cost of between 2.8 and
3.7 billion dollars was estimated for a vaccine to reach Phase 2a of
development [55].

In addition to the high cost of investment in research and develop-
ment, there are many challenges in this process, which range from large-
scale manufacturing to global distribution. Regarding anti-SARS-CoV-2
vaccines currently in the research phase, it is predicted that the pro-
duction and distribution of these vaccines may suffer economic in-
fluences. This is because the demand for this vaccine will be higher than
the supply, with the possibility that countries with greater purchasing
power acquire most of the vaccines available to the detriment of
developing countries [56].

Inequalities among nations are also reflected in the acquisition and
distribution of immunobiologicals, especially when this distribution
requires storage at controlled temperatures. WHO has already recorded
that more than 2.8 million vaccines have been lost due to failure on
following cold chain requirements and less than 10% of countries have
complied with that Organization’s recommendations for effective
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practices on vaccination schedules [56].

Currently, in many countries, the organization of anti-vaccine
movements for COVID-19 are observed, and are gaining increasing
popularity around the World [48]. Religious beliefs, social norms, the
parents level of education and the socio-demographic context may also
influence the decision of whether to vaccinate children [57]. Thus, this
can reduce confidence in the effectiveness of this strategy [49,57,58]. It
is noteworthy that the distance and social isolation also favor the un-
controlled dissemination of false information on social media, which
worsens this situation. Since from the very beginning of the process of
vaccinating populations, misinformation about vaccines has multiplied,
and this may also have an impact on SARS-CoV-2 vaccination coverage
[59-61]. The recent announcement of the vaccine Sputnik-V released in
Russia prior to phase 3 trials with an apparent huge political interfer-
ence increases the fear, especially from those of the anti-vaccine
movements. The description of Sputnik-V trials, so far involving only
76 people, reinforces the concern about the safeness of these new vac-
cines and the urgent need for other low-cost treatment options [62].

2.3. Passive immunotherapy

Passive immunotherapy is one of the alternatives to be further
explored for treating coronavirus infections. It has been used in medical
practice for some years [37] and stands out as a possibility in the current
pandemic scenario [63]. It is a treatment that aims at inducing rapid
immunity in a short time and is extremely relevant as a therapy of choice
in a pandemic [64].

Over the years, the use of antibodies for antiviral treatments has
grown from therapy with hyperimmune sera, evolving into the use of
polyclonal and monoclonal antibodies [64]. Passive immunization
treatments aim to increase the patient immune response, preventing the
disease from progressing to more severe conditions [65]. This strategy
has been used recently in European countries affected by COVID-19 as
adjunctive therapy to antivirals, and other medications, as it acts
directly on viral neutralization, preventing disease progression [64,66].
The highlights among these biotechnological products are intravenous
immunoglobulins, convalescent plasma, monoclonal antibodies, nano-
bodies, and hyperimmune sera [37,63].

Intravenous immunoglobulins are obtained from healthy donors,
with a high titer of specific antibodies against the target agent. They are
used in the treatment, for example, of autoimmune, and coronavirus
diseases [67]. Convalescent plasma is collected from individuals cured
from the infection of interest. The plasma must be purified, and free
from infectious agents, and can be administered to patients with more
severe conditions, such as in COVID-19. It is worth mentioning that this
therapy has already been used to treat infections such as influenza and
cytomegalovirus. However, despite the potential, its main limitation is
the number of available donors that have high antibody titers for
coronavirus [36,63,67-71].

Monoclonal antibodies are antibodies selective for a specific viral
antigen and are homogeneous, produced by a single clone of B cell [72].
As the SARS-CoV-2 is an RNA virus, it may mutate and become resistant,
which is a great disadvantage to the use of these antibodies. Currently,
many studies in this area involve protein S, which is present on SARS-
CoV-1 and SARS-CoV-2 and can be used in treatment for both of
these. These antibodies can be administered in association with other
drugs or as monoclonal antibody cocktails [7,35,37,69-73].

Nanobodies are active fragments of antibodies (single monomeric
variable domains) that, in recent years, have been extensively explored
for the treatment of poisoning by venomous animals, bacteria, and
parasitic zoonoses. They can recognize antigens and have been studied
for therapies against, for example, influenza virus, MERS-CoV, and
Congo hemorrhagic fever virus [74]. They are quite thermally stable,
easy to reproduce in prokaryotic systems, specific, and can be human-
ized [73-77] so have potential as therapeutic tools [78].

Since the 19th century, polyclonal immunoglobulin therapies have
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Table 1
Studies presenting a therapeutic approach to hyperimmune sera in the treatment
of coronavirus from 2004 to 2020.

AUTHORS ARTICLE PROPOSAL
PEIRIS et al., 2004 [94] Review available information on coronavirus, and its
therapies.
SUBBARAO et al., 2004 Check of the efficiency of passive antibody
[95] immunization in the treatment of SARS-CoV.

LU et al., 2005 [93] Development of an equine hyperimmune serum as a
future SARS treatment measure.
Evaluation of the protective effects of equine serum F
(ab’) 2 against SARS-CoV infection.
Check of the safety, immunogenicity, and
pharmacokinetics of equine anti-SARS serum - CoV F
(ab’) 2 in monkeys.
Evaluation of the preventive, and therapeutic role of
anti-SARS-CoV equine serum F (ab’) 2 in elderly mice.
Establishment of a new animal model for the study of
SARS-CoV in Chinese hamster, and evaluation of the
therapeutic action of equine anti-SARS serum in this
animal model.
Examination of contemporary techniques, and
applications of polyclonal antibodies, and evaluation
of their future therapeutic potential.
Investigation of the prophylactic, and therapeutic
efficacy of antibodies in the hyperimmune serum of
dromedary in reducing the viral load of MERS CoV,
weight loss, and pulmonary pathology in mice.
Examination of the history of the use of polyclonal
antibodies in animals, their developments in safe, and
effective products, and the potential application in
humans for neglected infectious diseases.
Demonstration of existing therapies in the treatment of
coronavirus.
Demonstration that antibodies from horses immunized
with MERS-Cov virus particles are able to neutralize
viral infection in mice.
Verification of the antigenicity of RBD (receptor
binding domain) in mice, production of equine
antiserum using RBD as an immunogen, and evaluation
of its neutralizing power against SARS-CoV-2.
ZYLBERMAN et al., 2020 Production of the anti-SARS-CoV-2 serum in

[103] Argentina, and its process phases, with the start of a
phase 2/3 clinical trial scheduled for July 2020.
Development of equine antisera with high neutralizing
activity against SARS-CoV-2.
Demonstrated that equine hyperimmune globulin
raised against the SARS-CoV-2 spike glycoprotein has
extremely high neutralizing titers.
Development and pre-clinical characterization of two
therapeutic equine formulations towards SARS-CoV-2
proteins for the potential treatment of COVID-19.

WANG et al., 2005 [96]

XU et al., 2007 [39]

ZHOU et al., 2007 [97]

LUO et al., 2007 [98]

NEWCOMBE &
NEWCOMB, 2007 [99]

ZHAO et al., 2015 [100]

DIXIT et al., 2016 [84]

DYALL et al., 2017 [69]

ZHAO et al., 2017 [101]

PAN et al., 2020 [102]

SAPKAL et al., 2020 [104]

Cunha et al., 2020 [105]

Leon et al., 2020 [106]

been widely used. They are made with pools of human or animal donor
serum with high neutralizing titers [79]. Hyperimmune serum contains
polyclonal antibodies, which can be used therapeutically to treat viral
infections [64]. They are concentrates of heterologous immunoglobu-
lins, formed by intact IgG molecules or digested Fab, and F(ab’), frac-
tions [80,81].

The initial studies on polyclonal immunoglobulin therapies date
back to 1891 with Emile Roux, in which hyperimmune horse serum was
used successfully to treat tetanus, bubonic, and pneumonic plague [82].
In 1894, hyperimmune sera from animals were used to treat cases of
accidents with venomous animals [82], although, it was Dr. Vital Brazil
Mineiro da Campanha who first demonstrated the antigenic specificity
for treatment with serotherapy [83]. Subsequently, this therapy with
hyperimmune serum against specific venoms became established and
uses equine plasma as a source of polyclonal antibodies [84]. Some
countries already have a high production of hyperimmune serum against
the rabies virus, including Brazil with three centers: the Vital Brazil
Institute [85], the Butantan Institute [86], and the Ezequiel Dias Foun-
dation [87]. The serum is used prophylactically in cases of human ac-
cidents involving animals with or suspected of carrying the rabies virus
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[88]. Good results of this treatment have resulted in researchers
studying this same therapy against influenza [89], and Ebola [90-92].
Pre-clinical studies with the Ebola virus [90-92], H5N1 influenza virus
[89] and SARS have shown very promising results [89-93].

3. Perspectives for treating coronaviroses with hyperimmune
SERA - Procedures and strategies

3.1. Studies of hyperimmune sera for the treatment of coronaviruses

The literature, since 2005, contains reports of studies using the
therapeutic approach with hyperimmune sera in the treatment of
coronaviruses (Table 1) [39,69,84,93-106].

The development of an equine serum with fractions of F(ab’)2 for
therapeutic use in SARS was reported in 2005 [93]. In this study, two
viral strains from humans were isolated, selected for study and used to
immunize healthy adult horses. For immunization, they used inactivated
viruses with complete and incomplete Freund’s adjuvant, according to
the established plan. After collection, the plasma was fractionated with
ammonium sulfate, dialyzed, digested with pepsin, ultrafiltered, and
purified by ion exchange chromatography.

The product of this procedure contained the anti-SARS-CoV-1F(ab’)
2 fractions and was stored at 4 °C. As a result, the horses were able to
generate antibodies against the strain by which they were immunized. In
addition, these antibodies also neutralized the second strain not used for
immunization, and evaluation at the end of the experiments revealed
that both strains had some epitopes in common. The peak of IgG pro-
duction occurred around the seventh week after the first immunization.
The recovery rate of plasma F(ab’)2 fractions reached a purity greater
than 90%, assessed by SDS-PAGE electrophoresis, concluding that this
production process was viable [93].

Some advances have been achieved with the analysis of protective
effects of anti-SARS-COV-1F(ab’)2 antibodies, using BALB/c mice as an
animal model along with incomplete Freund’s adjuvant [96]. A fraction
of the animal plasma was collected and the specific anti-SARS antibodies
produced by the horses were detected using the Enzyme Linked Immu-
nosorbent Assay (ELISA). The plasma was fractionated with ammonium
sulfate, digested with pepsin, followed by thermocoagulation at 57 °C to
inactivate the Fc fragments and nonspecific proteins. The product ob-
tained showed 94% purity measured by the folium scan method. In this
study, the toxicity of the SARS-COV-1F(ab’)2 antibodies was also
assessed by the MTT test (3- (4,5-dimethylthiazol-2yl) -2,5-diphenyl
tetrazolium bromide) and the neutralization of SARS-CoV in vitro by F
(ab’)2 by the fragments cytopathic effect (CPE), both in Vero E6 cells.
The results indicate no toxic effect on Vero E6 cells and that the SARS-
COV-1F(ab’)2 antibodies were able to protect the cells from SARS-CoV
infection [96].

This anti-SARS-COV-1 serum was able to protect VERO cells in vitro
against the viral strain used for immunization as well as another strain,
which did not participate in the immunization plan. These data
confirmed the information about the similarity between these strains,
and how polyclonal antibodies can increase the neutralization capacity
[96].

In vivo studies with BALB/c mice reported the analysis of the pro-
phylactic, and therapeutic effects of the anti-SARS-COV-1 serum [96]. In
the prophylactic tests, two groups received equine serum: a) serum from
horses not immunized against SARS-CoV-1 (control group), and b)
serum from horses immunized with purified SARS-CoV-1 particles (BJ-
01) and incomplete Freund’s adjuvant. In addition, a third group of mice
received only the virus and was also used as a second control for the
experiment. One day after pre-treatment, three groups, both groups
received the SARS-COV-1 virus intranasally since it is a respiratory
virus. The SARS-CoV was measured 2 days post-infection by Tagman
real-time RT-PCR (Reverse-transcriptase polymerase chain reaction).
The dose of 50 uL of anti-SARS-CoV F(ab’)2 fragments was sufficient to
neutralize the entire viral load of the animal, a fact that did not occur in



C.B.P. da Costa et al.

the control groups.

Subsequently, another test was carried out to verify the therapeutic
properties of equine serum [96]. It was similar to the first test, but in this
case, the virus was first inoculated, and the serum was given the next
day. As in the previous test, the mice that received the anti-SARS-COV-1
serum were protected from viral infection. In conclusion, the equine
anti-SARS-COV-1 serum has been shown to be effective in both pre-
ventive and therapeutic studies [96]. It has also been shown that the
passive transfer of antibodies from the hyperimmune serum is able to
protect mice from SARS-CoV infections, and has a neutralizing activity
that can be used in humans. This corroborates the findings of all authors
already mentioned previously [96].

Sapkal and collaborators [104] also used the human SARS-CoV-2
virus, inactivated with gamma rays, to immunize horses between 4
and 10 years old. The plasma, which showed a high level of neutrali-
zation against SARS-CoV-2, was collected, digested with pepsin and
fractionated with caprylic acid. Purity was assessed by SDS-PAGE and
antibody titers by ELISA. The product was shown to be pure and effec-
tive, capable of recognizing antigen at the maximum dilution of 1:
81,920 of serum. It is a process that can be prepared on a large scale at a
lower cost and is promising for testing in humans.

Hamsters are another animal model used to verify the therapeutic
effects of the equine anti-SARS serum and represented an important step
aiming at carrying out preclinical studies [98]. In a first test, viruses
were administered intranasally and analyzed for any response to viral
infection. After euthanasia, the lungs of the animals were removed to
determine viral titers, by analyzing the CPE, the location where the virus
was housed, and the pathology presented by immunohistochemistry
[98].

The viruses were monitored until the ninth day of infection, and the
animals were responsive to viral infection, with edema, inflammation,
and necrosis. A second test aimed to verify the prophylactic effects of
anti-SARS-COV-1 equine hyperimmune serum against the virus in this
animal model. For this, two groups were tested, the first received the
plasma with the antibody of the horse immunized with the virus, and the
other was the negative control group, receiving plasma from horses that
had not been immunized [98], similarly to previous experiments [96].

In both groups, the serum was inoculated the day before the virus. In
the group that received anti-SARS serum, the concentration of 10 mg
kg ! of antibody was able to completely neutralize the inoculated virus
on the third day after infection, and without pathological pulmonary
changes. The concentration of 5 mg kg™! neutralized 50% of the viral
load, but the animals showed some pulmonary pathology. This high-
lights the fact that viral neutralization is concentration dependent. As
expected, the control group did not present any type of viral protection
since they did not receive any specific antibody against SARS-CoV [98].

A third test evaluated the therapeutic effects of the serum. It was
similar to the second test, but the serum was inoculated in the animals
one day after the viral infection. The concentration of 50 mg kg™! of
serum reduced 4log of viral load, with the same results on days 3, and
4 after infection. Increasing the concentration to 100 mg x kg~ ' did not
yield better results. The study demonstrated that the animal model was
susceptible to SARS-CoV, and the severity of pathological manifestations
was dependent on the intensity of the viral load, as occurs in humans.
The data demonstrated that the Chinese hamster is an efficient animal
model for studies with SARS-CoV [98].

The effects of equine serum against a corona virus were also analyzed
for MERS-CoV [101]. The horses were immunized with viral particles,
resulting from infection of Sf9 cells with recombinant baculovirus that
co-expressed genes of proteins S, M, and E, according to a pre-
established immunization plan. Two weeks after immunizations,
plasmas were collected and analyzed by ELISA to verify the ability of the
horse to produce antibodies against the virus. Plasma fractions were
collected and purified immunoaffinity chromatography (proteins A, and
G), digestion with pepsin, generating a product with 91% purity, eval-
uated by SDS-PAGE electrophoresis [101].
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BALB/c mice were used as an animal model and, in the first study,
they were inoculated with strains of MERS-CoV to verify the manifes-
tation of symptoms. Interestingly, the anti-MERS serum showed pre-
ventive and therapeutic effects against the MERS-CoV virus.
Furthermore, in all three studies, outlined above the efficiency demon-
strated for the production of F (ab’) 2 fragments presented a purity rate
greater than 90% [93,96,101].

In another study by Zhou et al. [97], the preventive and therapeutic
role of equine anti-SARS plasma was assessed in elderly mice as an an-
imal model [97]. This study is important because it can simulate the
preclinical study for the elderly, whose age is one of the risk factors for
this viral infection. Four groups were formed, and the mice received the
inoculation of: a) group 1: the virus only (positive control); b) group 2:
the plasma one day before, or c) group 3: one day after viral inoculation;
and d) group 4: the equine plasma not immunized for SARS (negative
control). Mice from the positive and negative control groups (groups 1,
and 4) were susceptible to viral infection. The protective and therapeutic
behavior of plasma in elderly mice was similar to that observed in
previous studies [96,98], pointing to the safety of the plasma use for the
treatment of coronaviruses in the elderly.

The possibility of reinfection was also assessed in BALB/c mice that
had primary SARS-CoV infections [95]. The ability of the equine anti-
SARS plasma to show a prophylactic effect against the virus infection
in mice was also evaluated. In the first experiment, the recovered mice
reinfected by the virus showed no evidence of increased viral replica-
tion. In a second experiment, two groups of animals were evaluated: a)
pre-treated with anti-SARS hyperimmune serum, and b) pre-treated with
serum from animals that did not have anti-SARS antibodies. The mice
that received serum with anti-SARS antibodies were protected, and the
viral replication in the respiratory tract was controlled, a fact that cor-
roborates the therapeutic efficacy of the hyperimmune serum in the
treatment of coronavirus infections [95].

In addition, the use of anti-MERS serum from camels in Egypt, and
Saudi Arabia against infections of this virus was evaluated in mice
[100]. The hyperimmune serum of these animals was able to reduce the
infectious process in the mice, demonstrating that there is viral
neutralization. The researchers believe that this test can, and should be
extrapolated to humans. Since Saudi Arabian camels have high levels of
antibodies, without the need for additional exogenous immunization,
this therapy can be implemented immediately, and on a large scale
[100].

3.2. Therapy with polyclonal and monoclonal antibodies

Therapy with polyclonal antibodies is old, and very well established
for the treatment of accidents with venomous animals, and digoxin
poisoning [99]. Although this therapy presents risks of hypersensitivity
reactions in patients, the production process has been modernized over
the years. The animals used as bioreactors are controlled, monitored,
kept isolated, and constantly evaluated. Immunoglobulins can be
digested, promoting the removal of the Fc fraction, which together with
other non-specific proteins are removed from the product. These steps
increase the degree of purity whereas the adverse effects are decreased.
Importantly, antibodies from these animals are often the only option for
emergency treatment [99].

The advantages and disadvantages between polyclonal and mono-
clonal antibodies are discussed in the literature, including aspects such
as specificity and financial issues. The overall conclusion is that the use
of polyclonal antibodies is the best therapy in these cases. Monoclonal
antibodies target a specific epitope when fighting infection, while
polyclonal antibodies have the capacity to neutralize multiple epitopes.
The production of monoclonal antibodies is more expensive, and a
cocktail of these antibodies is often necessary to achieve the best
treatment. In addition, most infected people do not have access to a high
value-added medicine such as monoclonals. Another disadvantage of
therapy with monoclonal antibodies, compared to polyclonal antibodies
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Fig. 1. Representation of protocols for the production of hyperimmune serum for testing in animal models.

is an antigenic escape, since the virus has a great possibility of mutation.
These facts make the massive production of monoclonals unfeasible
and/or disadvantageous in cases of epidemics and pandemic diseases
such as SARS-CoV [37,89,95,96,99].

Previously mentioned studies [93,101] concluded that the use of
homologous antibodies should be a favored option against therapy with
heterologous antibodies, mainly due to the reduced possibility of
occurrence of adverse reactions. However, homologous therapy has
many disadvantages, including the fact that plasma from convalescent
donors presents the risk of viral transmission, such as hepatitis and HIV,
and the difficulty in finding enough donors to collect the material from
in this therapy, especially in the case of a pandemic. The passive transfer
of antibodies from the hyperimmune serum can protect mice from SARS-
CoV infections and has a potential neutralizing profile that can be used
in humans. This corroborates other authors mentioned previously
[94,96,98].

3.3. Safety in the use of anti-SARS-Cov sera

The safety and efficacy of administering anti-SARS equine F (ab’) 2
serum in monkeys were also evaluated, which is another major step in a
preclinical study [39]. After the production of equine serum, the authors
divided the monkeys into two large groups a) 9 monkeys for testing in
pharmacokinetic studies, and b) 18 animals, in safety tests. In the
pharmacokinetic tests, the half-life of fragments F (ab’) 2 varied from 41
to 46 h [39]. The total clearance was not influenced by the difference in
the dose administered, and multiple injections did not affect the con-
centration x time curve, whereas the pharmacokinetic parameters
(mean residence time, volume of distribution, and elimination rate)
were constant. In the safety tests, tolerance, and immune responses were
similar between the study and the control groups. However, some ani-
mals that received the serum showed erythema at the injection site and
an enlarged spleen. Importantly, three weeks later, the two groups
returned to normal condition and the adverse reactions disappeared.
This shows that there was an immune response and that the model an-
imal soon recovered. No tested animal evolved to death by adminis-
tering the serum. These two results indicated that it is safe to use the
equine anti-SARS serum with F (abh) 2 fragments for the treatment of
coronaviruses, as part of a combination therapy with other drugs [39].

The safety and efficacy in the use of polyclonal antibodies for the
treatment of neglected tropical diseases are also described in the liter-
ature [84]. This is a therapy applied since 1890 against various diseases.
Over the years, production processes have been modernized, which has
made safer products. The production process follows the same standards
as the studies cited above [93,96] with some adaptations, but they
present the common strategy of digesting the antibody and purification,
which reduces the possibility of hypersensitivity reactions types 1, and
3. The World Health Organization (WHO) guide provides more than one
production route, which always maintains quality during manufacturing
processes. This ensures that each producer seeks profitable large-scale
production, but with a primary focus on patient safety [81].

In humans, when hyperimmune sera are administered, it takes three
weeks for the body to be fully cleared. This is confirmed by clinical trials
and post-marketing surveillance [84]. This human study for already
commercialized sera, combined with the preclinical studies for SARS
and MERS described above increases confidence so that the anti-COVID
serum can be evaluated in clinical trials [38,94,95,97,99-1011.

The hyperimmune sera have been used to treat infections such as
tetanus, diphtheria, rabies, accidents with venomous animals, SARS-
CoV-1, MERS-CoV, Ebola and avian influenza virus safely and with
effective results [104]. Initially, the hyperimmune sera produced
generated products that contained fractions of other animal proteins
that were not IgG, favoring the manifestations of adverse reactions,
compromising the application of the serum safely. Over the years,
technical-scientific developments made it possible for productive tech-
nologies to incorporate immunoglobulin digestion processes and new
purification techniques [84]. As the technology of production evolves,
these adverse events, which are no more than 5%, have decreased [84].
Removal of FC fragments reduces the possibility of side effects [104] and
as a result, adverse events are rare, as demonstrated, for example, with
the administration of anti-rabies serum where 1/45000 treated patients
have anaphylactic reactions and less than 0.5% late reactions [84].

3.4. Studies involving SARS-COV-2

Studies have also been undertaken in mice on the antigenicity of the
Receptor Binding Domain (RBD) of SARS-CoV-2 [102]. RBD is the pro-
tein in the SARS-CoV virus S protein receptor binding domain and binds
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Fig. 2. Schematic representation of the hyperimmune serum production processes. A — Production processes by Zylberman et al. [103]. B — Production processes by
Cunha et al. [105]. Protein images were obtained from the Protein Data Bank (A: <https://www.rcsb.org/3d-view/6XM4/1>). (B: <https://www.rcsb.

org/3d-view/6Z0Z/1>).

to the angiotensin-converting enzyme 2 (ACE 2) of the target cell,
allowing viral coupling [2,107]. Equine serum F (ab’) 2 was produced by
the use of RBD as an immunogen, and its neutralizing power against
SARS-CoV-2 was verified.

RBDs were produced by plasmids, and, together with Freund’s
adjuvant, were used to immunize mice. Three immunizations were
performed within two weeks, and 10 days after each immunization,
serum was collected from the animals. The serum was tested by ELISA to
monitor the antibody production of the mice. The result of this test
confirmed that the RBD generated an immune response so that it was
selected as an immunogen for assay with horses. Subsequently, PAN and
collaborators [102] used RBD, and complete Freund’s adjuvant in the
first immunization, and RBD, and incomplete Freund’s adjuvant in
subsequent immunizations. After seven days of each immunization,
serum was collected from the horses, and the titers were evaluated by
ELISA.

The horses produced antibodies that were incubated and digested by
pepsin, fractionation by ammonium sulfate, and submitted to chro-
matographic purification, to obtain purified F (ab’), fragments. These
were tested against SARS viruses and produced a neutralizing effect. The
authors observed that the horse’s plasma was 20 to 100 times more

potent than the plasma of convalescent patients with SARS-CoV-2. This
advantage, combined with the polyvalent property of several RBD epi-
topes, make this therapy more promising than the use of monoclonal
antibodies and convalescent plasma [37,89-91,96,99,101]. The pro-
cesses involved in studies regarding the evaluation of hyperimmune sera
and animal models are shown in Fig. 1.

Recently, Zylberman et al. [103] in Argentina produced an anti-
SARS-CoV-2 serum and reported the start of phase 2/3 clinical studies
in July 2020 [103]. The authors used the same principles of Pan and
collaborators [102] to produce RBD as the immunogen. However, they
used 10 times less concentration of RBD during the immunization pro-
cess of the horses without a reduction in the antibody titers generated.
This is advantageous in a large-scale production process since the animal
goes through several immunization processes. The less antigen received
to maintain adequate antibody production, the less adverse effects of
immunization can be seen, which is important for animal welfare
[102,103].

The researchers drew up an immunization plan and observed that the
antibody titers produced were higher after the second immunization.
They reached a plateau after the third immunization, which determined
the animals bleeding period at 34 days. The antibody levels were
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monitored by ELISA and the fraction of plasma underwent a process of
digestion with pepsin, saline fractionation by salting out, purification
with chromatography with Q membrane, nanofiltration, and sterilizing
filtration. The product serum had ca. 50 times stronger neutralizing
capacity of SARS-COV-2 than that of convalescent plasma [103]. These F
(ab’) 2 antibodies are known to be safe as they are devoid of the Fc
domain and avoid triggering of antibody dependent cytokine storms
[103].

Recently, Cunha et al. [105] in a study involving two different Bra-
zilian research institutions with expertise on hyperimmune serum pro-
duction, the Instituto Vital Brazil (IVB) and the Federal University of Rio
de Janeiro (UFRJ) have produced an anti-SARS-COV-2 equine serum,
following the same technological platform for the production of anti-
rabies serum at IVB. Horses were immunized with the trimeric spike
glycoprotein of SARS-COV-2 and evaluated for antibody production
[105].

A first experimental batch of serum was produced for the concept
tests, in order to prove that the production process does not inactivate
the purified antibodies (Fig. 2).

During this production process, the plasma was digested with pepsin,
fractionated with ammonium sulfate, and ultrafiltered, resulting in a
concentrate of F (ab’) 2 antibodies. The neutralization titer exceeded
that of the convalescent plasma from three Brazilian donors by up to 150
times, demonstrating the efficiency of the process, and enhancing the
prospect of the next stages of pre-clinical, and clinical studies [103].
Fig. 2 illustrates the production processes of anti-COVID-19 hyperim-
mune serum by Zylberman et al. [103] (Fig. 2 A) and Cunha et al. [105]
(Fig. 2B).

The data obtained indicate that the production method of the hy-
perimmune serum produced by Cunha et al. [105] generates a serum
with greater immunogenic potency compared to the method used by
Zylberman et al. [103].

4. Conclusions

The potential for spreading SARS-CoV-2 with many cases evolving to
death in a short period of time, coupled with the financial and logistical
inequalities for the acquisition of the vaccine among nations, as well as
the increasing anti-vaccine movements, make the use of hyperimmune
serum a highly promising therapy against COVID-19. In addition, this
strategy is strongly feasible as a plan B, especially when plan A (vac-
cines) are not available in the frontline and/or are not totally accepted
by the population, and/or people are already infected by the virus.
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