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ABSTRACT

Globally, COVID-19 caused by SARS-CoV-2 has resulted in millions of infections and several thousand deaths.
Amid the race for the development of vaccines and antiviral drugs, convalescent plasma therapy has emerged as
an emergency treatment for SARS-CoV-2 infected patients. In this review, we provide an overview of the use of
passive immunization-based therapy as an immediate measure during novel viral infections when no other treatments
are available. We also discuss the benefits and challenges faced by the use of convalescent plasma therapy in the
COVID-19 pandemic. Further, we attempted to stress the relevance of convalescent plasma-derived hyper-immunized
immunoglobulins with high neutralizing activity as a potential therapeutic intervention for COVID-19.

Keywords: Hyper-immunized immunoglobulins, Convalescent plasma, COVID-19, SARS-CoV-2, Passive immunity

INTRODUCTION

The use of passive immunization or immunotherapy was first introduced by Emil von Behring and Shibasaburo
Kitasato in the year 1890 for treating diphtheria and tetanus [1,2]. In their experiments, an inactivated form of Clos-
tridium tetani (causative agent of tetanus) and Corynebacterium diphtheria (causative agent of diphtheria) were in-
jected into animals and whole blood was collected from these animals. Upon administration of blood to a different
set of experimental animals, immunity towards the causative agents of tetanus and diphtheria was developed. They
proposed the presence of mediators in the blood that can recognize and neutralize the foreign agents. Later, these me-
diators were referred to as antibodies. Antibodies (Abs) are proteins produced by the host’s immune system to fight
against invasion of antigen or foreign agents. They help the body to recognize and thwart future attacks by the same
antigen. Thus, passive immunotherapy involves the direct transfer of foreign antibodies to infected individuals that
will provide temporary protection against infectious agents. It is a type of short-term immunization acquired against
infectious agents by injecting pathogen-specific antibodies. Implementation of passive immunization resulted in the
treatment of several infectious diseases (measles, rabies, hepatitis B, botulism, etc.) for which vaccines could not be
developed [2,3]. The concept of passive immunotherapy also laid the foundation for anti-venom therapies used for
the treatment of venomous bites caused by snakes and scorpions [4]. Anti-venoms are produced by fractionation of
plasma obtained from large mammals hyper-immunized with snake venom. The most commonly used mammals for
anti-venom production are horses and sheep [5-8]. After repeated immunization with venom to host animals, antibody
response against different venom components is generated. The serum-containing antibody molecules (IgG) are col-
lected and purified using various techniques such as precipitation or chromatography. First developed by Calmette,
Phisalix, and Bertrand in 1894, plasma-derived anti-venoms remain the only treatment for victims of venomous bites.

In this mini-review, we discuss different aspects of convalescent plasma-based therapy, its usage as a promising rescue
option for COVID-19 infections, and the challenges that need to be taken into consideration. Further, we explore the
utility of hyper-immunized immunoglobulins from convalescent plasma for the treatment of serious viral infections
including COVID-19. For the present study, we conducted a systematic search of the PubMed database using “conva-
lescent plasma therapy” or “hyper-immunized immunoglobulins” and “COVID-19” as keywords, with no date limits.
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More than 300 research articles were initially generated in the search, out of which 50 met our criteria for inclusion
in the present review.

Passive Immunization and Convalescent Plasma Therapy

Convalescent plasma therapy, classic passive immunotherapy, has been applied as a potential treatment strategy in
the previous epidemics caused by viral pathogens [9-11]. Convalescent Plasma (CP) contains a high concentration
of neutralizing antibodies (blood proteins) and is collected from individuals who have recovered from the disease.
Transfusion of these antibodies into freshly infected patients provides short-term humoral immunity, enhances their
immune systems, and increases survival rates. During the SARS outbreak in 2003, seriously ill patients in Hong Kong
and Taiwan were reportedly treated with convalescent serum obtained from individuals with SARS [12,13]. Report-
edly, treatment with convalescent plasma also reduced the mortality in patients infected with influenza A virus (HIN1
2009) [14,15]. High incidences of deaths and ineffective therapy also led to the introduction of convalescent serum
when MERS (Middle East Respiratory Syndrome) epidemic was triggered in 2012 [16,17]. Following the recom-
mendation of the World Health Organization (WHO), the use of convalescent plasma was also attempted during the
recent Ebola Virus Disease (EVD) outbreak [18]. Plasma immunotherapy has been the preferred therapeutic approach
in these pandemics since it was safe and to some extent effective.

In the wake of a recent pandemic caused by a novel coronavirus (SARS-CoV-2), convalescent plasma therapy also
gained spurred interest as an emerging treatment [19,20]. One of the reasons for its efficacy could be due to the pres-
ence of neutralizing antibodies specific to the novel coronavirus. Substantial evidence emphasized that COVID-19
patients produce SARS-Cov-2 specific antibodies within 2-3 weeks following the onset of symptoms [21,22]. It is a
well-known fact that the entry of the coronavirus into the human cells is aided by spike protein present on the surface
of the virus particle. These surface proteins appear to bind tightly to receptors on human cells. The spike protein is
known to be immunogenic, meaning it can stimulate an immune response in the human body and consequently gener-
ate specific antibodies. As such, the antibodies generated can neutralize the virus and eventually prevent the disease
[23]. Henceforth, blood plasma containing virus-specific antibodies could be opted as a valid option to control the
severity of coronavirus infections.

For procurement of convalescent plasma for its use in the treatment of infections, utmost care needs to be taken [24].
To have a high concentration of neutralizing antibodies in the convalescent plasma, collection of blood from recovered
patients should be done at least 3 weeks of post-infection. It is essential to note that convalescent plasma need to be
transfused within days of collection and it is likely to be more beneficial for the treatment of early-stage infection.
Before infusion of convalescent plasma, a thorough screening of blood for the presence of any infectious agents, blood
type compatibility between donor and receiver are crucial. The immunity developed in the patient receiving convales-
cent plasma is usually short-term and the foreign antibodies present are often cleared from the recipient’s body within
30 days of administration. Since the recipient lacks its antibodies, the individuals are still susceptible to infection.
Recipients seldom experience life-threatening complications following the procedure.

The plasma therapy showed favorable outcomes in preliminary studies carried out on critically ill patients with CO-
VID-19 [25,26]. A timely descriptive study was carried out to address the effectiveness of convalescent plasma on
COVID-19 patients in Wuhan [27]. Results from this study emphasized the significance of convalescent plasma ther-
apy during the COVID-19 crisis. In another study, researchers obtained convalescent plasma from individuals who
recovered from COVID-19 and administered plasma to 10 critically ill patients [28]. All the patients receiving plasma
therapy observed suppression of viremia (presence of virus in the blood) and eventually, all of them recovered [29].
Taken together, the outcomes were significant and sheds light on the potential benefits of convalescent therapy against
COVID-19. Nevertheless, convalescent plasma therapy as a treatment of choice for COVID-19 is still in the nascent
stage. Piechotta and colleagues provided a glimpse of different studies carried out to assess the efficacy of convales-
cent plasma therapy as COVID-19 treatment [30]. Taking into account the variable outcomes, the authors couldn’t
ascertain whether convalescent therapy is beneficial for people with COVID-19. Hence, more randomized clinical
trials, unbiased and well-designed studies are warranted to underscore the efficacy, safety, and risks associated with
convalescent therapy in the treatment of COVID-19.

Despite the positive aspects of convalescent plasma therapy, a range of drawbacks prevent it from being used for
COVID-19. The administration of convalescent plasma to patients with cardiovascular disorders and the elderly has
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been linked to the onset of serious allergic reactions, transfusion-related acute lung injury, and life-threatening bron-
chospasm [31-33]. In addition, a transient rise in body temperatures, mild fever, serum sickness, and anaphylaxis
within hours of plasma transfusion has been observed [34,35]. Such complications can further worsen the respiratory
symptoms of COVID-19 positive patients. The possibility of transmission of infectious agents such as human im-
munodeficiency virus, syphilis, hepatitis B virus, and hepatitis C virus further limits the application of convalescent
plasma therapy [36]. It is an uncommon treatment option in the current pandemic due to the requirement of high
plasma infusion volumes and donor compatibility with the recipient’s blood type. Further, no standard dose has been
set for plasma infusion in recipients, and usage of varying doses has been reported in different studies [25,27,28,37].
Moreover, not all patients who have recovered from SARS-CoV-2 infection have the appropriate levels of antibodies
for plasma donation. Another significant hindrance may be obtaining written informed consent from patients who have
recently recovered from COVID-19 to donate plasma. Meanwhile, the ratio of cases being recovered from COVID-19
is far too less compared to those patients who need plasma. Given these limitations, convalescent plasma therapy has
not gained desired attention in the current pandemic.

Hyper-immune Globulins from Pooled Convalescent Plasma as a Treatment for Viral Diseases

Inconsistent levels of virus-specific neutralizing antibodies in convalescent plasma may limit their use as a treatment
for viral diseases. In contrast, more concentrated and purified neutralizing antibodies obtained from multiple donors
offer several advantages over the whole plasma. The main advantage of using concentrated immunoglobulins is the
high titer of neutralizing antibodies. Such a concentrated form of immunoglobulins will provide better specificity and
potency. Moreover, highly concentrated antibodies with lower volumes will be administered to patients. A proper
manufacturing infrastructure is an essential requirement for obtaining hyper immunoglobulin from convalescent plas-
ma. Before assessment of plasma for potency, virus inactivation and its removal are performed to ensure the safety of
the final product. The high-antibody titer is primarily tested by the Enzyme-Linked Immunosorbent Assay (ELISA),
Immunofluorescence Assay, or Indirect Fluorescent Antibody (IFA) technique. This is followed by pooling or con-
centrating these antibodies and their purification. The purified antibodies are incubated in batches for several weeks
to attain safe and efficient antibodies. The resultant antibodies are lyophilized and stored in a vial making it easy to
distribute and administer to patients (Figure 1). Such hyper-immune globulin products reduce the risk of side effects
caused by unwanted serum components and transmission of unwanted infectious agents.

Benefits of Hyperimmune globulin products

« high titre of neutralizing antibodies
« safe & reduce risk of other infections
« previously proven therapeutic measure

Collection of plasma from recovered patients

® 4

5-*’ "\
5-*’ ) »’*,: ‘Ih.
s-* | 5'*

Injection of hyperimmune globulin product to
infected patients

- - N - e e ‘
Fractionation of pooled plasma to obtain

high-titer antibodies

Antibodies freeze-dried and stored in vials

Figure 1 Schematic representation of the strategy involved in the preparation of hyper immunoglobulin products from
convalescent plasma for treatment of viral diseases
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Zhang and co-workers applied a combination of cold ethanol precipitation and ion-exchange chromatography to pre-
pare SARS hyper-immune globulins for small-scale production [38]. In this study, virus-free hyper-immune globulins
from SARS convalescent plasma were prepared by cold ethanol precipitation approach while anion-exchange chro-
matography and nanofiltration were performed to yield high-antibody titers. The affinity-chromatography approach
for fractionation of plasma is particularly advantageous as it gives a better yield of hyper-immune globulins [39]. In
industrialized countries, manufacturers of immunoglobulin products generally use highly sophisticated facilities and
well-regulated technologies. Simple, cost-effective, and easy-to-use technologies are practical requirements for the
preparation of hyper-immune immunoglobulin during infectious outbreaks in developing countries. A mini-pool IgG
fractionation process based on caprylic acid precipitation is under development in Egypt [40]. Fractionation agents
such as caprylic acid help in the purification of antibodies and retain their conformational stability. Such an easy-to-
implement approach that uses disposable equipment (blood bags, hemodialyzer, filters) requires a small production
area for isolation of IgG.

The use of hyper-immune immunoglobulins provides a new perspective in the prevention and treatment of infec-
tious diseases, particularly those for which there is no such confirmed treatment [41,42]. A prospective multi-center
randomized trial was carried out by Hung and colleagues to assess the antiviral activity of hyper-immune immuno-
globulin fractionated from convalescent plasma for treatment of patients with severe A (HIN1) infection [43]. The
outcome of the result inferred that hyper-immune immunoglobulin effectively suppressed viral load and reduced mor-
tality in tested groups. Hyper-immunized immunoglobulins have shown initial signs of effectiveness in the treatment
of SARS-CoV-1 infections. Based on the previous experience, the focus has been shifted from convalescent plasma
therapy to plasma-derived immunoglobulins for the treatment of infection caused by SARS-CoV-2. Structural analysis
on antibodies isolated from convalescent COVID-19 patients has shown that Spike (S) proteins of SARS-CoV-2 are
widely identified as immunogens and potently neutralized by human antibodies [44,45]. For large-scale production and
continuous supply, industries and companies globally have collaborated in an attempt to develop convalescent plasma-
derived hyper-immune globulin (H-Ig) products from patients recovering from COVID-19 [46]. Plasma samples from
participants of COVID vaccine trials will be advantageous for the production of hyper-immune immunoglobulins with
greater specificity and high titers. Such a pharmaceutical product containing a cocktail of virus-specific antibodies will
be easy to distribute among people. Another promising alternative for the production of antibodies is the immunization
of horses with inactivated SARS-CoV-2 antigen. The disadvantage of using equine antibodies is that it might lead to
adverse allergic reactions in human patients, probably due to activation of the human immune system. The stable ver-
sion of recombinant viral proteins has been developed in different laboratories. These laboratory constructs proteins
are injected into genetically modified mice for the production of virus-specific antibodies [47,48]. Moreover, genetic
engineering has made it possible to create a more humanized form of monoclonal antibodies suitable. The possibility
of isolating antibody-producing B cells to generate hybridomas and artificially synthesize antibodies using recombi-
nant technology might serve better therapeutic options in clinical research [49-53].

Limitations of the Review

There are some important limitations of the present study that should be noted. This review was not intended to be
a more comprehensive review regarding the utility of convalescent plasma therapy for the treatment of COVID-19.
Rather, it was designed to address the possibility of convalescent plasma-derived hyper-immune immunoglobulins as
a new therapeutic approach in the current situation. At the time of writing this review, however, limited information
was available on the implementation of hyper-immune immunoglobulins for the treatment of COVID-19. It should
also be noted that our review mainly focused on the studies carried out during the initial phase of the COVID-19 out-
break in Asian countries including China, Korea, Taiwan. As such, more rigorous research and additional data from
other countries would be beneficial to understand the outcomes of convalescent plasma therapy or its derivatives as
the treatment option for COVID-19.

CONCLUSION

Though several potential vaccines/antiviral drugs are in pipeline, getting an approved candidate for rational use will
take some time. Under such circumstances, therapeutic antibodies can offer several advantages over conventional
pharmacotherapy and, therefore, have implications for the treatment of several infectious diseases. Convalescent
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plasma-derived hyper-immune antibodies provide a ray of hope for control of the contagious disease such as the
COVID-19, for which there is no vaccine. Nevertheless, several setbacks need to be dealt with before using hyper-
immune globulins as a therapeutic strategy for the COVID-19 pandemic.
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