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Abstract

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is responsible for the
coronavirus disease 2019 (COVID-19) pandemic that has strained health care systems
worldwide and resulted in high mortality. The current COVID-19 treatment is based on
supportive and symptomatic care. Therefore, convalescent plasma (CP), which provides
passive immunization against many infectious diseases, has been studied for COVID-19
management. To date, a large number of randomized and non-randomized clinical trials
as well as many systematic reviews have revealed conflicting results. This article summa-
rizes the basic principles of passive immunization, particularly addressing CP in
COVID-19. It also evaluates the effectiveness of CP as a therapy in patients with
COVID-19, clinical trial reports and systematic reviews, regulatory considerations and
different protocols that are authorized in different countries to use it safely and effectively.
An advanced search was carried out in major databases (PubMed, Cochrane Library, and
MEDLINE) and Google Scholar using the following key words: SARS-CoV-2, COVID-19,
convalescent plasma, and the applied query was “convalescent plasma” AND
“COVID-19 OR SARS-CoV-2". The results were filtered and duplicate data were removed.
Collective evidence indicates that two cardinal players determine the effectiveness of CP
use, time of infusion, and quality of CP. Early administration of CP with high neutralizing
anti-spike 1gG titer is hypothesized to be effective in improving clinical outcome, prevent
progression, decrease the length of hospital stay, and reduce mortality. However, more
reliable, high quality, well-controlled, double-blinded, randomized, international and
multicenter collaborative trials are still needed.
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INTRODUCTION

tive specific antiviral therapies are available yet. Notably,
if vaccines or specific therapies are developed, the urgent
need for large-scale production and distribution could be

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
the etiological agent responsible for the coronavirus disease
2019 (COVID-19) pandemic, was first discovered in Wuhan
(China) in December 2019. COVID-19 has a high trans-
mission rate and 20.1% and 25.9% of patients develop acute
respiratory distress syndrome and are admitted in the in-
tensive care unit (ICU) for pneumonia, respectively. In addi-
tion, it has a mortality rate of approximately 6.84% [1, 2].
Currently, COVID-19 management is based on supportive
care, such as the use of antipyretics, low-dose systematic
corticosteroids, and anticoagulants; O2 therapy and invasive
and non-invasive ventilation; and fluid management [3].

SARS-CoV-2 is a novel virus; therefore, no proven effec-

time-consuming. Hence, a long-standing classic adaptive im-
munotherapy technique that uses convalescent plasma (CP)
has been applied to prevent and treat many infectious diseases
over the years and can be used for COVID-19 management
[4]. CP [passive polyclonal antibodies (Abs)] provides imme-
diate immunity and can either be transfused to patients fight-
ing an infection or used to manufacture immune globulin
concentrates (plasma-derived medicinal products).

Role of CP in patients with COVID-19
CP could benefit patients with COVID-19 through its
antiviral and immunomodulatory effects (Fig. 1).

(@(@) This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/4.0)
(@) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Fig. 1. Schematic representation of convalescent plasma (CP) components and its mechanisms of action. (A) Main convalescent plasma
components. (B) Antiviral effects of neutralizing antibodies (NAbs). Immunoglobulin (Ig)G and IgM are the main isotypes, although IgA may be also
important, particularly in mucosal viral infections. Other non-NAbs may exert a protective effect. The humoral immune response is mainly directed
towards the spike (S) protein. (C) Anti-inflammatory effects of CP include network of autoantibodies and control of an overactive immune system
(i.e., cytokine storm, Th1/Th17 ratio, complement activation, and regulation of a hypercoagulable state) [52].

Abbreviations: E, envelope; M, membrane; N, nucleoprotein.

Antiviral mechanisms

CP has neutralizing Abs (NAbs), and its efficacy is asso-
ciated with the concentration of these NAbs [5]. These NAbs
attach to the SARS-CoV-2 spike 1 receptor-binding domain,
S1-N-terminal domain, and S2 subunit, inhibit virus entry,
and limit viral amplification [6]. In addition, CP could also
exert its therapeutic effects through other Ab-mediated path-
ways, such as complement activation, antibody-dependent
cellular cytotoxicity, and/or phagocytosis. Of note, recovered
patients have variable NADb titers [7] owing to age, lympho-
cyte count, and C-reactive protein levels; approximately 30%
of patients do not have high NADb titers. Importantly, other
protective non-NAbs, such as immunoglobulin (Ig)G and
IgM, that bind to the virus without affecting its capacity
to replicate, might contribute to recovery [8].

In one study, IgG production against the nucleoprotein
(N) and seroconversion could be detected on days 4 and
14 after disease onset, respectively [9]. Another study re-
corded the highest IgM concentration on the 9" day after
onset, and class switching to IgG occurred in the 2™ week
[10].

Immunomodulation
Anti-inflammatory cytokines, clotting factors, natural Abs,
defensins, pentraxins, and other undefined proteins obtained

from donors may provide further benefits such as
immunomodulation.

Antigen-binding fragment [F (ab”)] 2 mechanisms: Critically
ill patients with COVID-19 produce anti-cardiolipin IgA
and anti-B2-glycoprotein I IgA and IgG Abs [11]. CP may
neutralize these autoantibodies and reduce the risk of patients
suffering thrombotic events (i.e., antiphospholipid syn-
drome-like disease), especially in critically ill patients. In
addition, some Abs inhibit complement cascade (i.e., C3a
and C5a) and limit the formation of immune complexes.
The literature shows that other studies have illustrated that
IgG transferred by plasma neutralizes cytokines, such as in-
terleukin (IL)-1PB and tumor necrosis factor alpha (TNFa)
[12].

In contrast, antibody-dependent enhancement, a mecha-
nism in which the infection intensity increases in the pres-
ence of preexisting NAbs with poor efficacy, favors viral
replication in macrophages and other cells through the inter-
action of these Abs with the fragment crystallizable (Fc)
and/or complement receptors [13]. If this phenomenon is
suspected following CP administration, clinicians must
promptly notify the health authorities and re-evaluate the
safety of CP administration while taking into account the
endemic coronaviruses in the region.

Fc mechanisms: The neonatal Fc receptor is a vital regu-
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lator of IgG half-life as it prevents degradation and clearance
of IgG, by a pinocytotic mechanism [14].

Intravenous immunoglobulin (IVIg) may clear autoanti-
bodies in autoimmune conditions by shortening their lifetime
[15]. Fcy receptors are found in almost all immune cellsand
their activation by IgG induces the upregulation of FCyRIIB,
which has been associated with inhibitory effects similar
to those associated with treatment efficacy for acute rejection
after kidney transplantation [16]. CP infusion may help the
modulation of immune responses via Fcy receptors, and mer-
its attention in the current management of COVID-19. It
may also enhance anti-inflammatory properties of dendritic
cells (DCs). IVIg modulates the balance between CD4'/CD8’
T cells and enhances proliferation and survival of regulatory
T lymphocytes. Treatment with IVIg reduces antigenic pre-
sentation of T cells via the modulation and inhibition of
DCs [17]. Moreover, IVIg reduces the number of Thl and
Th17 cells, and low levels of interferon gamma and TNFa
with the increase of the levels of Th2 cytokines, such as
IL-4 and IL-10 are observed after IVIg treatment [18, 19].
Furthermore, macrophages treated with IVIg showed an in-
creased production of IL-10, with a reduction in the levels
of IL-12/23p40 [20], thus, suggesting the promotion of an
anti-inflammatory macrophage profile.

Effects of CP transfusion in COVID-19

On August 23, 2020, the Food and Drug Administration
(FDA) granted an Emergency Use Authorization and pro-
vided guidance on the manufacture and use of CP for hospi-
talized patients with severe or life-threatening COVID-19.
Therefore, CP is not yet approved by FDA as treatment
but is regulated as an investigational product. In contrast,
a National Institutes of Health guidelines panel stated that
“the data are insufficient to recommend for or against the
use of convalescent plasma” [21]. In addition, the American
Association of Blood Banks and Infectious Diseases Society
of America recommend that the use of CP be limited to
clinical trials, as critically ill patients with COVID-19 admit-
ted into the ICU are unlikely to benefit from administration
of CP. Moreover, they recommend that CP should be trans-
fused as early as possible in the course of the disease
(preferably within three days after diagnosis) to get the best
outcomes [22]. No country, including the US, has licensed
CP as a treatment for COVID-19, although other countries
have granted approval for use on an individual patient basis
[23]. CP was mentioned in the “Diagnosis and Treatment
Guidelines of COVID-19 (trial 6th, 7th, and 8th)” issued
by National Health Commission of the People’s Republic
of China (NHC) [24-26], Especially for severe and critical
cases with rapid disease progression [27].

To the best of our knowledge, eight randomized controlled
trials (RCTs) on the role of CP in COVID-19 management
have been reported [28-34]. Six of them revealed no statisti-
cally significant differences regarding mortality, disease pro-
gression, and length of hospital admission, between patients
treated with CP and the control groups. Agarwal er al [29]
carried out the PLACID RCT, which included 464 hospi-

talized adults who were randomly allocated to receive either
two doses of 200 mL CP, with a median NAbD titer of 1:40,
in addition to standard care or being control. The CP group
did not show any improvement in the primary outcomes
(progression to severe disease or fatality at 28 days) compared
to control standard care. Interestingly, NAbs were detected
in 80% of the participants at the beginning of one study
[29].

In agreement, two RCTs from Spain and Netherlands,
terminated their studies prematurely as 50% and 79% of
patients had NAD titers close to that of CP donors, re-
spectively; therefore, no additional benefit would be gained
from CP transfusion. No differences were noticed in fatality,
duration of hospital stay, or illness severity at day 15 [30,
31]. The largest worldwide RCTs, Randomized Evaluation
of COVID-19 Therapy (RECOVERY; ISRCTN50189673) and
Randomized, Embedded, Multifactorial Adaptive Platform
Trial for Community-Acquired Pneumonia trials, by Oxford
University, continuously evaluate patients with COVID-19.
Regarding the CP arm, data on patients randomized to CP
vs. standard care were evaluated since May 2020 till 15th
of January 2021 and the preliminary analysis showed no
significant difference in 28-day mortality. However, Horby
et al. [28] concluded that although the preliminary results
were negative, follow-up of patients is ongoing and final
results will be published in due course.

In contrast, an RCT by Rasheed er a/ [33] indicated that
CP administration resulted in reduced illness duration and
time to recovery and lower fatality rates. In addition,
Abolghasemi er al, found significant improvement in clinical
outcomes after CP treatment, particularly, regarding hospital
stay and the need for invasive ventilation. It also reduced
mortality rate, but this was not statistically significant [35].
Furthermore, Libster and colleagues conducted a dou-
ble-blind RCT and concluded that early transfusion of
high-titer CP [IgG titer greater than 1:1,000 against
SARS-CoV-2 spike (S) protein] to mildly infected older adults
reduced the progression of disease in a dose-dependent man-
ner [34]. These results are similar to the results reported
by Salazar er al [36] who found that patients transfused
within 72 h of hospital admission showed reduced 28-day
mortality rate compared to the control group (non-transfused
patients).

The largest CP study, the Expanded Access Program in
USA, was designed to evaluate safety. Authors documented
7- and 30-day fatality rates in 35,322 severe to critical hospi-
talized adult patients. Overall data suggested that CP reduced
mortality; this decreased fatality had linear relationships with
earlier time to transfusion (within 3 days of diagnosis) and
CP with high Ab titer [37]. Two meta-analyses have declared
uncertainty on the benefits of CP for people admitted to
hospital with COVID-19 [38, 39]. A recent systematic review
of RCTs showed no statistically significant differences be-
tween the CP group and controls regarding reducing fatality
and improving clinical outcomes. However, some non-RCTs
and case series showed that CP may help select patients
to improve clinical symptoms, neutralize and clear the virus,

Blood Res 2022;57:6-12.
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and decrease mortality, especially when administered early
(within 10 days of illness). However, high-quality RCTs are
needed to provide more evidence on the optimal admin-
istration time, Ab titers, and doses for the optimal effective
use of CP [40].

Donor eligibility, recruitment, and testing

Recruitment

This was performed using national registries of patients
with COVID-19, at least 14 days after complete recovery
[41]. The chosen timeframe (=14 days) could favor NAb
interactions because of increased affinity [42].

Donor eligibility

Donor selection criteria vary according to different proto-

cols adopted in each country.

EU criteria:

1. A prior diagnosis of COVID-19 based on a laboratory
test or a clear history of COVID-19 symptoms where
testing was not available

2. At least 14 days should have passed since full recovery
or at least 14 days after laboratory evidence for viral
ribonucleic acid clearance from the upper respiratory
tract

3. Donors without a history of blood transfusion and female

donors who have never been pregnant or are tested
and found negative for anti-HLA (Human leukocyte
antigen)/HPA (Human platelet antigen)/HNA (Human
neutrophil antigen) antibodies using a validated assay

. Informed consent

. Aged between 18 and 65 years old

. Weight not less than 50 kg

. Standard donor criteria for blood or plasma donation

must be met.

FDA criteria:

1. Evidence of COVID-19 documented by a laboratory
test either by a diagnostic test at the time of illness
or a positive serological test for SARS-CoV-2 antibodies
after recovery

2. Complete resolution of symptoms at least 14 days before
the donation

3. Male donors, or female donors who have not been
pregnant, or female donors who have been tested since
their most recent pregnancy and results interpreted
as negative for HLA antibodies

4. SARS-CoV-2 neutralizing antibody titers, if available
o it is recommended that neutralizing antibody titers
of at least 1:160. A titer of 1:80 may be considered
acceptable if an alternative matched unit is not
available.

N O U

Testing

- Serological testing: Anti-SARS-CoV-2 tests provide evi-
dence of resolved infections.

- Ab Type: Although there is uncertainty on whether
total SARS-CoV-2 Abs or subclasses (e.g., IgM, IgG, or

IgA) are the optimal target to measure [8], it is strongly
recommended to measure NAbs.

Ab titer: The anti-SARS-CoV-2 IgG titer should be as-
sessed; adequate level of anti-SARS-CoV-2- NAb titer
is an important prerequisite, and the recommended NAb
titer cut-off should be at least =1:160 and optimally
be greater than 1:320 [43]. This corresponds to a re-
ceptor-binding domain IgG titer =1:1,350 [36]. A titer
of 1:80 may be considered acceptable if an alternative
matched unit is not available [43]. In a series of 176
patients with COVID-19, a high Ab titer (as assessed
by enzyme-linked immunosorbent assay between days
22-39 after onset) was independently associated with
a worse clinical classification [44]. In addition, virus
inactivation methods should be strictly applied before
using plasma [41].

Collection, processing, and storage

Plasma donation is ideally by plasmapheresis, as the vol-
ume of collected plasma can be adjusted based on gender,
height, and weight and is approximately 400-800 mL of
plasma from a single apheresis donation. Preferably, the col-
lected plasma should undergo pathogen reduction treatment
before being split and frozen as 2-3 separate units (e.g.,
3x200 mL) within 24 h of collection. Where that is not
possible, (e.g., donor does not wish to undergo apheresis
or logistic limitation), whole blood can also be collected.
However, plasma separation from the blood has drawbacks,
such as the low plasma volume collected and the inability
to repeat donations in short time intervals as re-donation
could take place every 2 weeks by plasmapheresis but every
3 months if obtained by whole blood fractionation.
Importantly, plasma is screened for human immunodeficiency
virus, hepatitis B virus, hepatitis C virus, syphilis, human
T-cell lymphotropic virus 1 and 2, and Trypanosoma cruzi
(if living in an endemic area) the screening tests for HIV,
HCV, HBYV, syphilis could be done using ELISA techniques
, but it is preferred to be carried out by NAT (Nucleic Acid
Test) by PCR. Other protocols suggest the inactivation of
pathogens with riboflavin or psoralen plus exposure to ultra-
violet light to improve safety of CP [8, 45].

Patient eligibility

Reported studies and trials to date have mostly con-
centrated on hospitalized adults, including severe and crit-
ically ill patients. As the main function of CP is providing
NAbs for viral neutralization, earlier infusion (pre-hospital
in mild and moderate cases or as prophylaxis) may be of
benefit and reduce disease progression, and many studies
(e.g. NCT04323800 and NCT04438057) with this research
focus are underway [46].

Eligibility criteria used for the National Expanded Access
Treatment Protocol by FDA Center for Biologics Evaluation
and Research, May 2020:

1. Laboratory confirmed COVID-19 with severe or imme-

diately life-threatening COVID-19

2. Informed consent provided by the patient or healthcare

bloodresearch.orkr
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proxy

Most importantly, the uncertainty about the efficacy of
CP treating people with COVID-19 should be communicated
to potential recipients to avoid fostering unfounded expectations.

Dose and rate of CP infusion

There is no standard transfusion dose data for CP
administration. In different studies, CP administration ranges
between 200-500 mL in single or double doses and is de-
termined by the clinician based on clinical status, patient
weight, and Ab titers. Currently, the recommendation is
to administer 3 mL/kg per dose in two days [8], or more
accurately depending on Ab titer, it would be 3.125 mL/kg
of CP with a titer of >1:64 would provide an equivalent
Ab level to one-quarter of 5 ml/kg CP with a titer of 1:160
or greater (e.g., ~80 kg patient, 3.125 mL/kgx80 kg=250
mL >1:64). Slow infusion, with a recommended speed of
100 ml/h, but not more than 200 mIL/h, and close monitoring
to identify and treat circulatory overload occurrence or other
transfusion-related immediate side-effects must be observed.
If any adverse reaction occurs, the infusion rate is slowed,
suspended, or terminated [42].

Timing of CP infusion

One may hypothesize that early administration of CP con-
taining polyclonal NAbs may inhibit viral entry and repli-
cation and consequently blunt an early pro-inflammatory
pathogenic endogenous Ab response [47]. Therefore, it has
been suggested that CP be administered early in the course
of the disease in patients at high risk of subsequent deterio-
ration (i.e., age above 70 or dependence on oxygen with
a baseline oxygen saturation of less than 94%) [42].

Based on the most recent data available [44, 48], treatment
should be initiated no later than day 5. It was suggested
that transfusion early-on, and up to day 10 after disease
onset of two plasma units of 200-250 mL each in patients
weighing between 50 and 80 kg (a volume that may be
adjusted for patients weighing outside this range) is
appropriate. A repeat infusion of 2 units 2448 h later may
be considered after verifying adequate tolerance in a first
group of treated patients [42]. According to the physiopathol-
ogy of COVID-19, patients with severe disease should be
privileged over critical ones to reduce mortality and improve
outcomes.

Safety of CP and potential adverse events

The usual plasma transfusion reaction in addition to
CP-specific concerns mainly include antibody-dependent
enhancement of infection in addition to thromboembolic
events [49, 50]. Treatment of CP with pathogen inactivation
and reduction technologies may further minimize the risk
of virus transfusion [51, 52].

CONCLUSION

To date, despite the large number of studies and trials,

uncertainty regarding the effectiveness and safety of CP still
exists. However, collective evidence indicates two cardinal
players determine the effectiveness of CP use: time of infusion
and quality of CP. Early administration of CP with high
neutralizing anti- SARS-CoV-2 anti-spike IgG titer is hy-
pothesized to be effective in improving clinical outcomes,
prevent disease progression, decrease the length of hospital
stay, and reduce mortality rate. Hence, it is assumed better
to be given in moderate to severe non-ventilated patients
with COVID-19 (before the cytokine storm and end organ
damage) than in critically ill patients. However, more reli-
able, high quality, well-designed and well-controlled dou-
ble-blinded randomized international and multicenter col-
laborative trials are still needed to establish CP safety, effec-
tiveness, detailed optimal product criteria as well as reliable
guidelines for best clinical use to provide the maximum
benefit and avoid harm.
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