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ABSTRACT

Introduction: Severe acute respiratory syndrome causing coronavirus SARS-CoV-2 (coronavirus disease
2019 (COVID-19)) has recently resulted in the recent global pandemic. As convalescent plasma (CP)
therapy has been used with success in several viral infections before, it has become a treatment of
choice. Medical literature is reviewed for randomized controlled studies using convalescent plasma
therapy.

Areas covered: More than one type of neutralizing antibody against a specific microorganism
may be found in both CP and hyperimmune globulins. To give a standard titer of a specific
neutralizing antibody to a patient, a reliable antibody titration assay should be developed. It is
challenging to test the efficacy of the CP and HIG therapies with double-blind studies. There is
a difficulty in the standardization of the CP and HIG study groups, as patients use various
additional therapies. Different amounts and titers of CP and HIG and different titers of CP are
used in patients. This review discusses the current knowledge on CP and HIG therapies used in
COVID-19 disease.

Expert opinion: The immune response to COVID-19 have diverse characteristics. The antibody pro-
duced after COVID-19 disease and vaccination is short-lived. Thus, CP should be an alternative especially
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in patients with lymphopenia and primary/secondary antibody deficiency.

1. Introduction

Coronaviruses are zoonotic viruses having an envelope and
a positive-sense  RNA. Human coronavirus infections are
generally associated with respiratory disease. In the last
decade, highly pathogenic coronaviruses - Severe Acute
Respiratory Syndrome and Middle East Respiratory
Syndrome causing coronaviruses (SARS-CoV and MERS-CoV,
respectively) - have led to severe outbreaks, and the last
member of the family, SARS-CoV-2 (coronavirus disease
2019 (COVID-19)) has recently resulted in the recent global
pandemic.

The SARS-CoV-2 pandemic management has started with
a comprehensive analysis of drugs to treat SARS-CoV-2 infec-
tion [1]1.The morbidity and mortality rates were high [2], and
there was not yet any randomized and controlled double-
blind clinical study on potential medications having efficacy.
Randomized controlled studies were planned in order to show
the efficacy of convalescent plasma (CP) [3-9], and they have
been reviewed for the efficacy analysis [10,11]. However, there
was an old, nonspecific, but effective therapy: the convales-
cent or hyperimmune plasma therapies.

The use of CP in the therapy of infectious disease started in
the early nineteenth century. The gammaglobulin peak in
plasma protein electrophoresis was documented in electro-
phoresis after infections in animals (horse and rabbit) and
human [12], and Clemens von Pirque first used the horse CP

in the therapy of children with diphtheria and rubella [13]. The
Serum Disease, a severe reaction that developed after serum
therapy, was soon described. Cohn developed a fractionation
process in the 1940s to isolate the gammaglobulins (immuno-
globulins (Ig)) [14]. Pepsin-treated gammaglobulin form, the
form without ‘fraction of crystallization” (Fc) part, did not have
any additional immunomodaulatory effect. So, the therapy with
complete gammaglobulin form, including two ‘fragments of
antigen-binding’ (F(ab)s) and one Fc fragment, was rather
preferred [15]. Consequently, gammaglobulin therapy became
more reliable due to the viral inactivation and elimination
procedures (solvent detergent and nanofiltration) [16].
Immunoglobulin products are prepared from large pools
(obtained from a minimum of 10,000 donors) of whole blood
or apheresis-derived plasma [17] (Figure 1). It has several
effects on viral infections. It can block the viral entry to an
infected cell by binding to the viral antigen, leading to neu-
tralization. After it binds to the virus, it can further activate the
mononuclear cells via their Fc receptors. Fc-mediated protec-
tion has been shown to play at least some part in providing
protection from several viruses. Additionally, it can activate
the complement system, mediating phagocytosis by opsoniza-
tion through complement fragments. Another function of the
neutralizing antibodies is the blockage of the viral budding by
binding to the viral glycoproteins on the infected cell surface.
Thus, neutralization has roles in both blocking the entry and
egress of new progeny and may lead to a decrease in viral
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Article highlights

o The experience of the convalescent plasma (CP) in the therapy of
infectious diseases is older than a century. It was started in the early
nineteenth century.

e Convalescent plasma (CP) therapy has been used with success in
several viral infections before, and it has become a treatment of
choice, especially in the first months of the pandemic.

o |t is challenging to test the efficacy of the CP and HIG therapies with
double-blind studies. This is because there is a difficulty in the
standardization of the CP and HIG study groups using various addi-
tional therapies.

o The antibody produced after COVID-19 disease and vaccination are
reported to be short-lived. Thus, CP should be an alternative espe-
cially in patients with lymphopenia and primary/secondary antibody
deficiency.

load during infections. Convalescent plasma and hyperim-
mune globulin (HIG) therapies have been used with success
against several severe viral infections, such as hepatitis B and
rabies. Thus, it is still being used in the therapy of infectious
diseases in the absence of specific antimicrobial therapies.

2. Convalescent plasma and hyperimmunoglobulin
therapies

Plasma includes several numbers and amount of neutralizing
antibodies against several microorganisms. Convalescent
plasma is the plasma collected from donors who have sur-
vived an infectious disease by producing protective antibodies
[11,18]. Convalescent plasma is usually collected after
14-28 days of infection from generally male donors.
However, females who have not been pregnant before may
also serve as a donor. Polymerase chain reaction should be
negative at least twice in the donor before the donation.
Donations are possible in a 2-week intervals, at most three
times. There is always a risk of transmission of an infectious
agent by plasma. So, viral screening tests, such as hepatitis B,

hepatitis C, HIV, syfilis, are applied to donors before the
plasma collection.

HIG therapies are produced from plasma of a definite
number of individuals with high titer of specific antibody
against a microorganism. According to WHO/IUIS, HIG pro-
ducts should contain at least fivefold increased specific
antibody titers compared with standard preparations of
IVIG [17]. For the preparation of HIG, a new plasma pool
collection is required to produce commercial HIG products
as a time-span is needed for convalescence. For example,
neutralizing antibodies to an infectious agent may be pre-
sent in the HIG products at least a few months after the
pandemic [19]. HIG products have a standard titer of an
antibody with less volume compared to CP, which may be
an advantage in patients with cardiovascular instability. On
the other hand, CP may be physiologically more effective
compared to HIG despite a relatively increased risk of micro-
organism inoculation, as it includes plasma factors, pro-
coagulants, and anti-fibrinolytic [20,21]. The comparison of
CP and HIG is given in Table 1.

A neutralizing antibody previously produced against an
infectious agent may cross-react with other infectious agents.
More than one type of neutralizing antibody against a specific
microorganism may be found in both HIG and CP. To give
a standard titer of a specific neutralizing antibody to a patient,
a reliable antibody titration assay should be developed. For
a reliable assay, the isolation of the virus is needed first. Then,
the serial titers of a neutralizing antibody should be defined
by evaluating the cytopathic effect with serial dilutions of the
virus [22]. The neutralizing antibody test will help the clini-
cians to measure the titer of the antibody in CP therapies. On
the other hand, this is also a requirement to produce
a standard commercial HIG product having a definite titer of
neutralizing antibody.

It is challenging to test the efficacy of the CP and HIG
therapies with double-blind studies. There is a difficulty in
the standardization of the CP and HIG study groups, as
patients may use various additional therapies. Different
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Figure 1. Immunoglobulin, hyperimmunoglobulin and convalescent plasma preparation.
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Table 1. Comparison of the convalescent plasma and hyperimmune globulin therapies.

Convalescent Plasma (CP) Hyperimmune globulin (HIG)

Infusion volume

Neutralizing antibody titer

Antibody amount

Polyclonal neutralizing antibodies for microorganisms

ABO and Rh compatibility

Pooling to process period (convalescence, screening, apheresis, etc.)
Fractionation and pathogen inactivation steps

Safety concerns (Allergic and anaphylactic reactions, TRALI, TACO, etc.)
Complement proteins, antimicrobial peptides, and other antibodies
The likelihood of transfer of strain-specific neutralizing antibodies *
The risk of autoantibody” transfer

Cost

More Less

Low (1/80-1/160) High (1/640 vs)

Not standard Standard

Yes Yes

Required Not required
Relatively short (<6 weeks) Relatively long (>6 months)
Absent Present

Higher Lower

Generally included Generally not included
More Less

More Less

Less More

* Alteration in the viral gene is less important due to the increased chance of pooling from donors with proximity
* Exclusion criteria for donors due to the risk of autoantibody transfer: Female donors who have been pregnant before, donors having autoimmunity, and male

donors in their late adulthood.

The autoantibodies may be against immune response elements, such as interferon, or Human leukocyte antigens (HLA).

amounts and titers of CP and HIG and different titers of CP
may be used in patients. The common benefit of CP and
HIG therapies seems to be the reduction in mortality,
based on several studies and meta-analyses performed in
influenza A (H1N1) and SARS-CoV infections [19, 23-26],
despite all the challenges in studies. Hung et al. [12] com-
pared HIG with Ig treatment and reported a faster serum
IL-6 decrease and decreased mortality with HIG if used
within 5 days.

The outcome of the CP therapy is affected by several
characteristics of the patient and the donor: clinical severity
of the infectious disease, viral load in the patient, the timing
of the plasma collection, the amount of the CP given, titer
and durability of the antibody in CP, the time and frequency
of the application, and the presence of autoantibodies, and
so on. Most frequent side effects of CP and HIG are the
transfusion-related acute lung injury (TRALI) [27,28], transfu-
sion-associated circulatory overload (TACO) [29], hemolytic
transfusion reactions, and transfusion-related immunomodu-
lation (TRIM). Another adverse reaction that is first defined in
Ebola infection [30], is the antibody-dependent enhancement
(ADE) of infectious disease. ADE is also reported during the
therapy of Dengue virus infection [31]. It is explained by
cross-linking with complexes of anti-virus-antibody or virus-
activated complement components through interaction with
cellular molecules, such as Fc receptors or complement
receptors. This is suggested to lead to enhanced inflamma-
tion of susceptible cells and tissues [32], and disease exacer-
bation. Nonetheless, it is interesting not to see this effect
during the standard Ig therapy in patients with virus-induced
secondary hemophagocytosis or primary immunodeficient
patients with infectious diseases. To prove the presence
and effect of ADE, in a sufficient number of patients with
different severity of the disease, a broad application of ser-
ologic assays that quantify the amounts and titers of differ-
ent neutralizing antibodies is needed. Additionally, the
amount of the viral load which may be related to the
phase and severity of the infectious disease may be impor-
tant for ADE. Regarding ADE, a recent meta-analysis [33]
showed that there is no relationship between the kinetics
of antibody responses to SARS-CoV, MERS-CoV, or SARS-CoV
-2 and the clinical outcomes of diseases [34].

2.1. Convalescent plasma and hyperimmunoglobulin
therapies for SARS-CoV-2

Polyclonal nature of antibody in CP and HIG therapies serves
as a potential benefit [35]. There is an anti-nucleocapsid anti-
body in addition to an antibody against viral spike protein in
the plasma of patients who recovered from SARS-CoV-2 [36]. It
has recently been suggested that some of the Ig products in
use include anti-SARS-CoV-2 antibodies [37]. Although the
type and titer of the neutralizing antibody were not explained,
there may be cross-reactivity between anti-SARS-CoV-1 and
anti-SARS-CoV-2 antibodies, as we know that 79.6% of geno-
mic sequence is common in both viruses [38].

The SARS-CoV-2 disease is shown to be associated with
microvascular injury and thrombosis [39]. Since homeostatic
interactions between complement and extrinsic/intrinsic coa-
gulation pathways contribute to a net procoagulant state in
the microvasculature of critical organs [40], the balance
between the activating and regulating complement compo-
nents in the CP is important. A shift in the balance toward
regulation with CP may control the inflammatory response
during infection. On the contrary, a shift in the balance toward
activation may increase the inflammation. Reports suggest the
importance of C3, C5a, and Factor D blockade in the therapy
of acute inflammatory state in SARS-CoV-2 [41-42].

A possible outcome of CP therapy became apparent after
a study that reminded the possibility of the transfer of differ-
ent types of autoantibodies from the plasma of donors to
recipients [43]. Recent data showed the risk of transmission
of anti-interferon antibodies by CP and HIG. These antibodies
are shown to be more common in male patients who are in
their late adulthood and experiencing severe SARS-CoV-2 [44].
With this study, Bastard et al. have described a new pheno-
copy of primary immunodeficiency disease (PID). If the CP
includes autoantibodies against the immune response ele-
ments such as interferons, a progression in the severity of
the infectious disease may be seen in the recipient.
Accordingly, the characteristics of the CP donor should be
meticulously defined (Table 1).

Medical literature is reviewed for the randomized controlled
studies using convalescent plasma therapy for COVID-19. There
is an increase in CP use in the world after these studies showing
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Table 2. Randomized controlled studies using convalescent plasma therapy in patients with SARS-CoV-2.

Number of Patients

Authors Trial treated Major Outcome Adverse Effect
Duan K et al. Effectiveness of convalescent plasma 10 severe patients, 10 Viremia resolved in seven patients No serious adverse event
[9] therapy in severe COVID-19 patients controls having viremia
Li L et al. [4] Effect of convalescent plasma therapy on 52 patient, 51 Clinical Improvement within Chills and rashes within 2 hours of
time to clinical improvement in controls 28 days transfusion (n = 1), shortness of
patients with severe and life- breath, cyanosis, and severe dyspnea
threatening covid-19 a randomized within 6 hours of transfusion (n = 1)
clinical trial
Liu et al. [5]  Convalescent plasma treatment of severe 39 hospitalized Improvements in their -
COVID-19: A matched control study patients with supplemental oxygen
severe to life- requirements, improved
threatening survival
COVID-19, control
(n=7
Agarwal Convalescent plasma in the management 235 patients, 229 Earlier resolution of shortness of  Pain at the infusion site, chills, nausea,
A et al. [3] of moderate COVID-19 in adults in controls breath and fatigue and higher bradycardia, and dizziness (n = 1),
India: open label phase Il multicentre negative conversion of SARS- fever and tachycardia (n = 3), dyspnea
randomized controlled trial (PLACID CoV-2 RNA on day 7 of (n = 2), blockage of an intravenous
trial) enrollment catheter (n = 2), mortality possibly
related to convalescent plasma
transfusion (n = 3)
Salazar et al. Treatment of Coronavirus Disease 2019 316 patients, 251 A reduction in mortality within Minimal adverse effects
[71 Patients with Convalescent Plasma controls 28 days, specifically in patients
Reveals a Signal of Significantly transfused within 72 hours of
DecreasedMortality admission with plasma
Libster Early high-titer plasma therapy to prevent 80 old adult patients, Decrease in progression of COVID- -
R et al. [8] severe COVID-19 in older adults. 80 controls 19
Simonovich A Randomized Trial of Convalescent 228 patients, 105 No significant difference in the Nonhemolytic febrile reactions (n = 5)
et al. [6] Plasma in Covid-19 Severe Pneumonia controls clinical status and overall
mortality
Abolghasemi  Clinical efficacy of convalescent plasma 115 patients, 74 Lower intubation need and length -
H et al. for treatment of COVID-19 infections: controls of hospital stay
[44] Results of a multicenter clinical study
Shenoy AG Early mortality benefit with COVID-19 263 patients, 263 A decreased risk of death at 7 and -
et al. [48] convalescent plasma: a matched controls 14 days, but not 28 days after

control study

transfusion

efficacy [3-5,9] (Table 2). The therapy is more effective when
given in the first 10-14 days of the disease, possibly when given
before the increase in the viral load and disease severity [24]. In
the study of Duan et al., viremia resolved, and clinical para-
meters improved in 10 severe SARS-CoV-2 patients within 3
days after CP therapy (200 mL, neutralizing antibody
titer>1:640) [9]. Another study in 10 SARS-CoV-2 patients
reported improvements in lung injury with CP therapy on
chest X-ray and computed tomography scan [45]. A significant
decrease in sequential organ failure assessment (SOFA) score,
body temperature, ferritin, C-reactive protein, and D-dimer were
observed. The CP therapy made extubation possible in some
patients. Studies report less intubation need and mortality
reduction in severe cases [44, 46]. In the study of Simonovich
et al. [6], CP was given as a randomized trial in Covid-19 severe
pneumonia. They have suggested that there were no differences
in clinical status or overall mortality between patients treated
with CP and those who received placebos. However, when the
characteristics of the patient at baseline were evaluated, it could
be seen that the ratio of chronic obstructive pulmonary disease
in CP group was 10.1% while it was 1.9% in placebo group,
which may be a significant bias in the study. In the study of
Agarwal, mortality was reported within 6 hours of completion of
convalescent plasma transfusion. Because of the severity of the
disease, the authors suggest that there is a possibility of
a relation with COVID-19 or convalescent plasma. Joyner et al.
reviewed the studies for the safeness of the convalescent

antibody use [47]. Serious adverse events within 4 hours of
completion of infusion were less than 1% (n 146) of all
transfusions. Thirteen mortality events were suggested to be
possibly, but not definitely, related to the transfusion. Other
events were transfusion associated circulatory overload
(n = 37), transfusion associated acute lung injury (n = 20), and
transfusion associated allergic reactions (n = 26).

There are a few reports on SARS-CoV-2 in patients with PID,
especially primary antibody deficiency [49, 50]. A positive effect
of CP therapy was reported in the latter days of COVID-19
infection in X-linked agammaglobulinemia patients [51]. There
may be an efficacy of standard Ig therapies due to the cross-
reactive antibodies they may contain or their immunomodula-
tory function on monocytes and macrophages. Nowadays,
unfortunately, we see that undiagnosed PID patients have
severe infections, and some patients get their PID diagnoses
after the SARS-CoV-2 infection. CP may alternatively be used
instead of HIG in different types of PID as it includes both
immunoglobulins and several complement components.

Convalescent plasma may also be collected from vacci-
nated individuals instead of patients who have recovered
from infections. However, CP collected from these two groups
may differ in the specificity and the clonality of the neutraliz-
ing and non-neutralizing antibodies. Additionally, the produc-
tion of neutralizing antibodies as a commercial product in the
therapy of infections is on the way. SARS-CoV-2 spike (S)
protein has been suggested to be an important target for



neutralizing antibodies since SARS-CoV-2 binding and fusion is
through this protein [52].

3. Conclusion

The development of specific neutralizing antibody assays is
necessary to titrate the antibody in CP and HIG therapies. This
will help clinicians to organize proper clinical trials leading to
comparison and precise results. Increased CP use due to the
absence of specific therapy for SARS-CoV-2 may show clini-
cians the spectrum of the side effects.

An extreme therapy may be the plasma exchange therapy
by using convalescent plasma therapy in the most severely
affected patients. The need for more plasma amount is
a restriction for this kind of therapy. However, it can be tested
in the future studies.

We now know that we should meticulously define the
characteristics of the donor from whom we collect the plasma.
However, there is a possibility that the presence of autoanti-
bodies across active immune response elements, such as
interferons, which may increase the severity of the infections.
In this circumstance, clinicians may use the options of high
dose Ig, plasmapheresis or plasma exchange therapies instead
of convalescent plasma therapy. Production of standardized
tests for the determination of neutralizing antibody amount
and for autoantibody screening, including anti-HLA or anti-
interferon antibodies, will ease and increase the use of con-
valescent plasma in the clinical settings.

As the antibody produced after COVID-19 disease and vac-
cination are reported to be short-lived, CP should be an alter-
native especially in patients with lymphopenia and primary or
secondary antibody deficiency.

4. Expert opinion

Convalescent plasma and hyperimmunoglobulin therapy are
used in the first line in a pandemic if there are serious morbid
and mortal consequences of an infectious agent, despite the
advances in the infectious disease treatment. Thus, it has
become a treatment of choice, especially in the first months
of the SARS-CoV-2 pandemic. As the patients are in an inflam-
matory state, and each has a different genetic background
with inflammatory susceptibility genes, their inflammatory
response is diverse, and they need additional therapies during
their infectious disease treatment. The standardization of the
convalescent plasma (CP) and hyperimmune globulin (HIG)
therapy in the patient groups is difficult in the studies.
Beyond the patient characteristics, antibody characteristics in
CP and HIG need to be standardized in studies. These are
primary challenges to test the efficacy of the CP and HIG
therapies with double-blind studies.

Antibodies are the vital humoral components of the plasma
and their production is the result of the B cell's adaptation to
antigens. Being an adaptive immune mechanism, antibodies
are important, especially in the clearance of the bacterial
agents. Thus, the consequence of antibody deficiency is the
susceptibility to bacterial infections. However, their presence is
shown to prevent the development of viral infections.
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Antigen-specific antibodies are usually measured to see the
antigen-specific response to infections in a bacterial or viral
infectious disease. A specific immune response is induced,
resulting in the active protection of the individual in vaccina-
tion, similar to infections. Although both the specific antibody
responses and specific T cell responses should be measured in
monitoring the active immune response, the antibody
response is usually measured as it is easier. Many antibodies
and specific T cells against many different antigenic epitopes
are produced in case of an infectious disease. Despite the
technological advancements, there are limitations in the
in vitro measurement of specific antibodies and specific
T cells. This leads to the limitations of the standard use in
the global era. This is a secondary challenge in the studies.

Another challenge is the risk of the presence of autoantibodies
in the CP or HIG. These autoantibodies may be the antibodies
against the components of the immune response. Thus, donor
selection, according to individual characteristics, will be important.

Individualized therapies are increasingly being used in the
therapy of diseases when there is a genetic or biochemical
characteristic. Biomarker research in the diseases, also in the
SARS-CoV2 disease, is ongoing. Soon, the characterization of
patients with specific biomarkers seems to be used more
frequently in the set-up of clinical studies.

Despite these challenges in the CP or HIG use, these thera-
pies decrease morbidity and mortality in many infectious dis-
eases in most of the studies. As the antibody produced after
COVID-19 disease and vaccination are reported to be short-
lived, CP should be an alternative therapy, especially in
patients with lymphopenia and primary/secondary antibody
deficiency. The development of specific neutralizing antibody
assays is necessary to titrate the antibody in CP and HIG
therapies. This will help clinicians to organize proper clinical
trials leading to comparison and precise results.
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