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In the ongoing pandemic of coronavirus disease 2019 (COVID-19), the novel virus SARSCoV-2 (severe acute respiratory syndrome coronavirus 2) is infecting a naïve population.
The innate immunity of the infected patient is unable to mount an effective defense,
resulting in a severe illness with substantial morbidity and mortality. As most treatment
modalities including antivirals and anti-inﬂammatory agents are mostly ineffective, an
immunological approach is needed. The mechanism of innate immunity to this viral illness
is not fully understood. Passive immunity becomes an important avenue for the management of these patients. In this article, the immune responses of COVID-19 patients are
reviewed. As SARS-CoV-2 has many characteristics in common with two other viruses,
SARS-CoV that cause severe acute respiratory syndrome (SARS) and MERS-CoV (Middle
East respiratory syndrome coronavirus) that causes Middle East respiratory syndrome
(MERS), the experiences learned from the use of passive immunity in treatment can be
applied to COVID-19. The immune response includes the appearance of immunoglobulin M
followed by immunoglobulin G and neutralizing antibodies. Convalescent plasma obtained
from patients recovered from the illness with high titers of neutralizing antibodies was
successful in treating many COVID-19 patients. The factors that determine responses as
compared with those seen in SARS and MERS are also reviewed. As there are no approved
vaccines against all three viruses, it remains a challenge in the ongoing development for an
effective vaccine for COVID-19.

In early December 2019, a cluster of acute respiratory infections in Wuhan, China, quickly spread globally and become a
pandemic. This was identiﬁed as acute viral pneumonia caused
by a novel coronavirus, 2019-nCov, later named SARS-CoV-2
(severe acute respiratory syndrome coronavirus 2).1–4 This
virus has 79.5% homology to SARS-CoV, the virus that caused
the severe acute respiratory syndrome (SARS) and shares
many clinical and pathological characteristics with SARS and
the Middle East respiratory syndrome (MERS).5,6 These coro-

naviruses are highly contagious to a naïve population.7 In a
signiﬁcant number of patients, the disease rapidly progressed
from an acute respiratory tract infection with fever, cough,
sore throat, headache, and fatigue to severe pneumonia with
progressive dyspnea, often complicated by acute respiratory
distress syndrome (ARDS).3,8,9 Unfortunately, coronavirus disease 2019 (COVID-19) is poorly responsive to antiviral agents
such as remdesivir and lopinavir/ritonavir.10,11 Other agents
such as hydroxychloroquine, tocilizumab, and sarilumab are
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met with varying successes.12,13 Thus, an immunological
approach to treatment is highly essential at this stage of our
knowledge.14 As the defense by innate immunity for this virus
is not fully understood, treatment relies on passive immunity.
Here, we review the basic concepts of passive immunity for
viral infections and the effectiveness of convalescent plasma,
immunoglobulins, and vaccines.
The patient’s course with COVID-19 usually begins with
fever and mild respiratory symptoms. During this time, the
virus may be actively replicating. SARS-CoV-2 infects pulmonary alveolar type 2 cells through the binding of aerosolized virus with angiotensin-converting enzyme 2 (ACE2)
expressing target cells.14 The resulting lower respiratory
tract infection can lead to vascular leakage, ﬁbrin deposition,
alveolar cell necrosis, hyaline membrane formation, and
diffuse alveolar damage, resulting in ARDS and respiratory
failure.15 Patients with severe COVID-19 infection have high
levels of proinﬂammatory cytokines, causing a cytokine
storm that could promote viral sepsis, inﬂammatory lung
injury, ARDS, hypotension, and multiorgan failure.4,16 An
early report of the mortality rate for COVID-19 was up to 15%,
depending on age and comorbid conditions.16 By comparison, in the ﬁrst 1,425 cases of SARS in Hong Kong, the
estimated case fatality rate was 13.2% for patients less
than 60 years old and 43.3% for patients  60 years old.17
SARS infection in the pediatric age group is often less severe
but can also lead to ARDS and respiratory failure in some
patients.18

Immune Response Mechanism
The host response to virus-infected cells likely plays an
important role in the damage to respiratory cells.15 The
pulmonary pathology leads to inﬂux of neutrophils and
monocytes/macrophages and results in a hyperproduction
of proinﬂammatory cytokines and a cytokine storm.14 Severe
coronavirus infections are accompanied by increased levels
of several proinﬂammatory cytokines including IP-10 (interferon-γ-inducible protein 10), MCP-1 (monocyte chemoattractant protein-1), MIP-1A (macrophage inﬂammatory protein1A), and TNFR2 (tumor necrosis factor-α receptor 2), especially
in the severe cases requiring intensive care unit care.16 This
pattern of response is similar to those seen in SARS19 and
MERS.20 This innate immune response is shown in the peripheral blood as increased total neutrophils in 38% patients,
reduced total lymphocytes in 35%, increased serum IL-6
(interleukin-6) in 52%, and increased C-reactive protein in
84%,within the ﬁrst cohort in Wuhan.4 The magnitude of these
changes was also correlated with the severity of the disease as
well as mortality.21 In most viral infections, an effective
antiviral immune response involves the innate immune system leading to viral recognition, cellular signaling, and type I
interferon (IFN) response to suppress viral replication and
dissemination.22,23 Severe SARS and MERS coronavirus infections appear to dysregulate the IFN response and lead to
increased levels of neutrophils and macrophages in the
infected lung tissues, leading to lung injury and ARDS in severe
COVID-19 infections.24–26 The acute phase of SARS is also
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associated with lymphopenia and decreased dendritic and
T cells.23,27
Antibodies play a dual role in communicating the presence
of a pathogen to immune effector cells and complement
system and interfering with the viral life cycle by blocking
viral entry into and egress from the host cell.28 The coronaviruses have a lipid bilayer envelope, which is co-opted from the
host and contains surface-exposed viral glycoproteins to aid in
host recognition and entry. The viral glycoproteins are the
major targets of host antibodies and in some cases, may be the
only exposed viral antigen. Viruses may have developed
mechanisms to avoid antibody responses including hiding
their antigenic epitopes, producing immune decoys, and causing immunosuppression. Viral entry into the host cell requires
cell attachment and fusion of host and viral membranes caused
by glycoprotein conformational change that forms pores to
allow the virus to enter the cell cytoplasm. Viral replication
occurs by various mechanisms, depending on the virus, within
the cell, which ultimately leads to new virus shedding from the
cell surface. Neutralizing antibodies disrupt viral entry during
these processes. Neutralizing antibodies may also block viral
budding and shedding from the infected cell. In addition, nonneutralizing activities of antibodies may tag the virus particle
for destruction by antibody-dependent cellular cytotoxicity or
complement activation or viral agglutination.28–32 Notably, in
COVID-19, the use of corticosteroids in treating the pulmonary
complications impairs the aforementioned immune processes
and prolongs the period of viral shedding by the patient.33–36
The majority of patients who recover from severe coronavirus infections develop a humoral immune response with
neutralizing antibodies, which may then limit the infection
and prevent reinfection. In SARS, seroconversion has been
detected between 4 and 14 days in most patients, with
neutralizing antibodies being detected up to 2 years after
the infection.37,38 Seroconversion with MERS infection was
reported in the second and third weeks of the disease.
Patients with severe outcomes have delayed or weak antibody responses.37 COVID-19 patients developed a virusspeciﬁc immunoglobulin M (IgM) peak 9 days after the
disease onset, and the transition to immunoglobulin G
(IgG) occurred within the second week. The IgM is generally
gone by 14 days, and its determination can be helpful in
determining when the patient was infected as well as the
stage of disease. Around day 20, neutralizing antibody to
SARS-CoV-2 were found at titers of 1:40 to 1:80.4 The
detection for both the IgM and IgG are carried by the socalled “rapid tests.”39 Neutralizing antibodies are found to be
present in SARS patients up to 2 years following recovery.40

Passive Immune Therapy
With the population not previously exposed to SARS-CoV-2,
passive immunity has to be developed for therapeutic purposes. Monoclonal antibodies have been previously made for
SARS and MERS. The receptor-binding domain (RBD) of the
spike protein on SARS-CoV and MERS-CoV is the principal
antigenic component responsible for inducing host immune
response.41 Since the spike protein is the component of
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SARS-CoV and MERS-CoV that attaches to their respective
receptors on host cells, namely ACE2 for SARS-CoV and
dipeptidyl peptidase-4 (DPP4) for MERS-CoV, antibodies
directed at this epitope would block the entry of the virus
to the host. These antibodies and their mechanism of action
are discussed elsewhere.42 A recent review evaluated the
potential therapeutic monoclonal antibodies and animal
models of MERS.43,44 They described seven neutralizing
antibodies panned with full-length spike protein on paramagnetic proteoliposomes and mammalian cells with the
ability to bind to MERS-CoV RBD with potent neutralizing
activity. Animal model studies and clinical trials are pending.
By extrapolation, therapeutic monoclonal antibodies could
be developed for SARS-CoV-2.45
Passive immunity can be conferred to patients by using
immunoglobulin with high titers of neutralizing antibodies
or by plasma obtained from convalescent patients.

Immunoglobulin Strategies
Hyperimmunoglobulin with high titers of virus-speciﬁc
neutralizing antibodies have the potential to improve outcomes for patients with respiratory viral infections. A small
multivariate trial of hyperimmunoglobulin reduced mortality and viral load in patients in the 2009 inﬂuenza A/H1N1
pandemic.46 However, results have varied in several trials
and would need to be tested in speciﬁc diseases and clinical
situations to determine the possible beneﬁt.47 Several biotherapeutics ﬁrms are working with the U.S. Food and Drug
Administration (FDA) to develop plasma-derived and monoclonal hyperimmunoglobulin therapies for severe acute respiratory infections (SARIs) including COVID-19. Although
puriﬁed hyperimmunoglobulin products may have value in
treating severe respiratory viral infections, convalescent
plasma is the only therapeutic strategy that is available for
early use in response to the COVID-19 pandemic.48
Immunoglobulin titers can be measured using enzymelinked immunosorbent assay (ELISA) immunoﬂuorescence
assays or by testing their ability to precipitate a particulate
antigen. Antibody titers can also be tested for their ability to
block viral hemagglutination or to inhibit virus infectivity.
Viral neutralization assays only detect antigen–antibody
interactions that block virus replication.49 The viral plaque
reduction neutralization test (PRNT) is the gold standard for
determining neutralizing antibody titer. It requires a biosafety level 3 facility to perform.

Convalescent Plasma Studies for Severe
Acute Viral Infectious Diseases
The use of convalescent plasma collected from patients recovering from acute viral diseases have been used for Ebola,
inﬂuenza, SARS and MERS, and, more recently, COVID-19.46–48

Inﬂuenza A
An early meta-analysis of the 1918 inﬂuenza A/H1N1 pandemic showed that the use of convalescent plasma reduced
the case fatality rate by 21%.50 For patients who received
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convalescent plasma during this inﬂuenza A pandemic,
minor complications reported included fever, chills, and
sweats.51–53 A recent meta-analysis was performed on 32
studies evaluating the effectiveness of convalescent plasma
and hyperimmunoglobulin for the treatment of SARIs including SARS and severe inﬂuenza A.54 The studies consistently reported mortality reduction, particularly when the
convalescent plasma was given soon after symptom onset. A
statistically signiﬁcant reduction in mortality was found
with convalescent plasma compared with placebo or control
in post hoc analysis. Serious adverse events were not
reported in studies after treatment with convalescent plasma for inﬂuenza A (H1N1) and H5N1.54 However, the studies
were determined to be frequently low in quality, lacking
control groups and having a high risk of bias. Although the
study found that convalescent plasma appeared safe and may
reduce mortality, well-controlled and designed clinical trials
were recommended.
In a prospective cohort study of patients with severe
inﬂuenza A H1N1 infection in the 2009 pandemic, treatment
with convalescent plasma showed a signiﬁcant reduction in
the relative risk of mortality (odds ratio: 0.20; 95% conﬁdence interval 0.06–0.69; p ¼ 0.011).55 Furthermore, a multicenter, prospective, double-blind, randomized controlled
trial (RCT) showed that the use of inﬂuenza A H1N1 convalescent plasma resulted in a lower viral load and reduced
mortality within 5 days of symptom onset in patients with
severe inﬂuenza A H1N1 infection.46
A phase 2 multicenter randomized study of immune
plasma treatment of patients with severe inﬂuenza A disease
did not show beneﬁt in the primary end point including
normalization of respiratory status by the 28th day; however, the patients tolerated the treatment well and showed
several improved secondary end points including improved
clinical status, less intensive care, and fewer hospital days.56
A subsequent blinded randomized prospective phase 3 trial
showed that high-titer convalescent plasma (compared with
low-titer plasma) provided no signiﬁcant clinical beneﬁt in
terms of improved clinical status or reduced common serious
adverse event for patients undergoing hospital treatment for
severe seasonal inﬂuenza A.57 The authors concluded that
treatment with high-titer plasma produced insufﬁcient beneﬁt to justify its use to treat severe inﬂuenza A patients.

Severe Acute Respiratory Syndrome
Convalescent plasma transfusion may be beneﬁcial in the
treatment of critically ill patients with SARS infection.58
Eighty patients were treated with 160 to 640 mL of convalescent plasma around day 14 (range: 7–30 days). The
convalescent plasma was collected from donors who recovered from SARS infection and were afebrile for at least 7 days,
off oxygen supplementation, and at least 14 days from
symptom onset. Thirty-three patients had a good clinical
outcome, with discharge by day 22 following the onset of
SARS symptoms; they were given convalescent plasma earlier than the patients with a poor outcome. Patients who
received convalescent plasma after day 14 had a longer
hospital stay and a higher mortality rate. The timing of
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a major determinant of the timing of convalescent plasma
administration.58

Middle East Respiratory Syndrome
A study protocol has been developed to evaluate convalescent plasma therapy for patients with MERS syndrome.60
Due to the lack of data to support convalescent plasma
treatment for MERS-CoV infection, a protocol was developed
for a two-phase study to determine the feasibility of collecting convalescent plasma from donors who have signiﬁcant
anti-MERS-CoV antibodies. In the second phase, the plan was
to treat patients with convalescent plasma to determine the
safety, feasibility, and effect on viral load and illness. The aim
was to determine the most appropriate neutralizing antibody dose and timing for a future powered RCT to determine
the effect on the treatment on mortality.
Three patients with severe MERS-CoV respiratory failure
received convalescent plasma from donors collected within
their third week of illness.61 Two of the four donors had
detectable neutralizing antibody activity by PRNT assay. Two
patients received mechanical ventilation and one received
extracorporeal membrane oxygenation support. Only one
patient had a meaningful increase in MERS-CoV antibody
titer in response to the transfusion of convalescent plasma.
All of the patients recovered and were discharged from the
hospital. However, due to the small study size and lack of
controls, the effectiveness of the treatment could not be
evaluated. The authors recommend that donor plasma
should be tested for antiviral antibody activity with a
PRNT titer of  1:80.The authors further recommend that
the efﬁcacy of convalescent plasma transfusion be evaluated
in endemic countries with a well-designed clinical protocol.

Severe Acute Respiratory Syndrome Coronavirus 2
An early uncontrolled study of 10 patients with severe
COVID-19 infection were treated with a single 200-mL
dose of convalescent plasma, which had neutralizing titers
of greater than 1:640.62
Donors were 3 weeks post onset of illness and 4 days post
discharge. In the recipients, the clinical symptoms and
oxyhemoglobin levels were improved within 3 days of
transfusion along with improvement of lung lesions by 7
days. Transfusion of convalescent plasma was temporally
associated with a change to undetectable viral loads. This
report showed that convalescent plasma was well tolerated
and has the potential to improve clinical outcomes for
patients with severe SARS-CoV-2 infections.
In another report, ﬁve patients with severe COVID-19
infections were treated with convalescent plasma transfusion to determine its potential beneﬁt for the treatment of
SARS.63 These patients had continuously high viral load
despite antiviral treatment with rapidly progressing pneumonia. Their PAO2/FIO2 ratio was less than 300, indicating
ARDS, and they required mechanical ventilation. They received 400-mL aliquots of convalescent plasma between 10
and 22 days after admission. The convalescent plasma had
SARS-CoV-2–speciﬁc antibody (IgG) binding titer of greater
than 1:1,000 using ELISA and viral neutralization titer
Seminars in Thrombosis & Hemostasis

Vol. 46

No. 7/2020

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.

convalescent plasma administration was signiﬁcantly affected by plasma availability. There was no correlation found
between clinical outcome and either the plasma volume or
the coronavirus antibody titers. No immediate adverse
effects including infections of plasma transfusion were
reported.
The effectiveness of convalescent plasma was analyzed in
a meta-analysis of 32 studies of SARS coronavirus and severe
acute viral respiratory infections including infections with
SARS.54 The study indicated that convalescent plasma treatment was associated with reduced mortality, especially
when the plasma was administered early after onset of
symptoms. A post hoc meta-analysis showed that treatment
with convalescent plasma led to a statistically signiﬁcant
reduction in the pooled odds of mortality. A meta-analysis of
eight observational studies reported that SARS coronavirus
infected patients who received convalescent plasma showed
improved mortality outcomes with severe infections.54 The
meta-analysis study indicated that many of the studies were
of low or very low quality, lacked control groups, and had a
moderate or high risk of bias.
Areas for future research are recommended in welldesigned clinical trial protocols. The authors recommend
ideally RCTs or observations studies with standard minimum
dataset needed. Future studies should be designed to determine the mode of action and optimal dose of convalescent
plasma to achieve good clinical outcomes. The International
Severe Acute Respiratory and Emerging Infection Consortium is developing a clinical trial protocol to investigate
passive immunotherapy for severe acute respiratory and
emerging infection.54,59 Viral load by quantitative viral
nucleic acid testing and viral antibody titers were found to
be useful in deﬁning the virologic and immunological kinetics that lead to improved clinical outcomes. It will be
important to deﬁne the optimal plasma volume, number of
doses, and quantitative neutralizing antibody titers to determine the optimal amount of antibody that is needed to
effectively inhibit virus replication. In addition to the primary end point of mortality, useful secondary clinical end points
should be considered, including duration of critical care
support, sepsis, organ failure, length of hospital stay, serious
adverse events, recurrence of severe disease, and readmission for complications.
During the 2003 SARS outbreak, the use of convalescent
plasma was reported from the Prince of Wales Hospital in
Hong Kong.58 The study analyzed the treatment of 80
patients who had clinical deterioration despite treatment
with methylprednisolone and received treatment with convalescent plasma around day 14 from the onset of symptoms. The patients received between 600 and 900 mL of
convalescent plasma collected by apheresis in 200- to 225mL aliquots. They reported that patients with a good
outcome were given convalescent plasma earlier in the
clinical course, before day 14. Patients who received convalescent plasma earlier had signiﬁcantly higher rate of
discharge from the hospital by the 22nd day and signiﬁcantly lower mortality. There were no adverse effects
including infections. Plasma availability was identiﬁed as
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greater than 40 by end-point dilution. Four of ﬁve patients
treated with convalescent plasma defervesced within 3 days
and had improved Sequential Organ Failure Assessment
scores and increased PO2/FiO2 ratios. The viral loads of the
treated patients decreased and became negative within 12
days after the transfusion. Also, the SARS-CoV-2 speciﬁc
ELISA and neutralizing antibody titers increased. The ARDS
resolved in four patients at 12 days after transfusion. Three
patients were weaned from mechanical ventilation within 2
weeks of treatment and were discharged from the hospital.
Two of the patients were receiving mechanical ventilation
and were in stable condition at 37 days. There were no
adverse events reported.
The role of convalescent plasma and how to use it for
treating COVID-19 was recently reviewed.64 Neutralizing
antibody responses peaked at 4 months and then decreased
to undetectable levels in 16 to 48% of patients at 36 months. A
signiﬁcant portion of patients who had detectable antibodies
at 36 months had persistent viral neutralizing activity. The
antibody neutralizing titer varied from 1:12 to 1:512 in
convalescent plasma, with a geometric mean of 1:60.65 These
antiviral titers have been found to generally correlate with
the initial viral load and the severity of illness for Inﬂuenza A/
H1N1 and MERS infections.66,67
Convalescent plasma is a preferred product for passive
immunotherapy because it can be collected by apheresis in
larger volumes and more frequently with little impact on the
patient’s hemoglobin level. The authors recommend plasma
collection at least 14 to 28 days postresolution of COVID-19
infection symptoms. Based on previous SARS-CoV-1 studies,
the anti-SARS-Cov-2 neutralizing antibody titer should be
greater than 1:40.49,68,69 The convalescent plasma donors
must qualify as allogeneic blood donors and should be
obtained from female donors negative for human leukocyte
antigen (HLA) antibodies or from male donors. When double
plasma units are collected by apheresis, the maximum
plasma donation frequency in the United States is normally
28 days. The plasma may be cryopreserved and stored frozen
at less than –18°C for later clinical use. Several studies have
shown evidence in favor of early treatment before seroconversion and preferably within the ﬁrst 5 days of severe
disease, with convalescent plasma to patients at high risk
of clinical deterioration.

Adverse Effects of Convalescent Plasma
No serious adverse events have been reported with convalescent plasma transfusions in a 2015 systematic review or in
a trial for Ebola disease.64 Minor adverse events, mostly
temperature increase and/or itching or skin rash, were
observed in 8% of patients. There are two case reports of
possible transfusion-related acute lung injury (TRALI)
reported on convalescent plasma in a patient with Ebola
disease and in another patient with MERS-CoV; however, the
plasmas did not contain anti-HLA or antihuman neutrophil
antibodies.
Antibody-dependent enhancement (ADE) is a theoretical
concern of passive plasma antibody therapy. In ADE, crossSeminars in Thrombosis & Hemostasis
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reacting antibodies from one strain of virus may bind to
another strain and facilitate Fc-receptor-mediated cell entry
of the virus, causing more severe disease. However, in
coronaviruses, most observations were made in animal
studies, and there are limited epidemiological studies on
humans.70

Recommended Procedure for Convalescent
Plasma Use
Based on previous studies, the transfusion should occur early
in the course of the severe COVID-19 infection, ideally within
5 days.58,64 It is recommended to begin with one unit of
plasma ( 200–250 mL) infused at a slow rate with close
monitoring for adverse transfusion reactions including allergic and febrile reactions, circulatory overload, and possible
evidence of systemic or pulmonary inﬂammatory reactions.
If available, repeat convalescent plasma transfusions can be
considered in the next 24 to 48 hours, depending on how the
patient tolerated the ﬁrst transfusion and on the clinical
response.
A comprehensive discussion on the workﬂow and logistics for plasma collections from patients recovered from
COVID-19 infections was recently published.48 Eligibility for
convalescent plasma donation includes (1) a history of
COVID-19, as conﬁrmed by either approved molecular
testing on a nasopharyngeal swab specimen or the presence
of plasma SARS-CoV-2 antibodies, and (2) evidence of
resolution of COVID-19 at donation with  14 days without
COVID-19 symptoms (FDA Guidance, May 2020).71 If needed, the predonation screening is performed by the provider
before the donor is referred to the blood collection facility. If
the donor has been pregnant, the collection facility must
screen for HLA antibodies to reduce TRALI risk in patients
who already may have ARDS. Plasma collection  14 days
after resolution of symptoms provides the best likelihood of
having high titers of anti-SARS-CoV-2 antibodies.62 High
neutralizing antibody titers are, ideal but standard quantitative ELISA titers are more often available. Donors also
must qualify as allogeneic blood donors through standard
screening and testing, as speciﬁed, for example, by the FDA.
Although plasma is usually collected by apheresis, a standard starting dose for an average sized patient would be one
(200–250 mL) plasma unit. A work ﬂow diagram is shown in
►Fig. 1.
There are three pathways in the United States for providing access to convalescent plasma for patients with SARSCoV-2 infections71: clinical trials; a national expanded access
treatment protocol to provide one unit of plasma to patients
 18 years old under a central investigational new drug (IND)
protocol; and for patients without access to clinical trials or
the expanded access protocol, single-patient emergency IND
(eIND) treatment after local Institutional Review Board
approval and FDA approval.
Several clinical trials have been proposed to evaluate
SARS-CoV-2 convalescent plasma for postexposure prophylaxis for adults who have been exposed but not yet symptomatic, patients with mild disease, patients with moderate
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Fig. 1 Workﬂow for convalescent plasma collection from SARS-CoV-2 patients. A donor may be eligible to provide convalescent plasma if they
have a history of COVID-19 infection conﬁrmed by either approved molecular testing on a nasopharyngeal swab specimen at the time of illness or
a positive serological test for SARS-CoV-2 antibodies after recovery. COVID-19 convalescent plasma is collected from individuals who must have
complete resolution of symptoms at least 14 days before the donation per FDA Guidance on Investigational COVID-19 Convalescent Plasma,
May 1, 2020. A negative result for COVID-19 by a diagnostic test is not necessary to qualify the donor. 67 If needed, the predonation screening is
performed by the provider before the donor is referred to the blood collection facility. If the donor is pregnant, the collection facility must screen
for HLA antibodies to reduce TRALI risk in patients who already may have ARDS. Plasma collection  14 days after resolution of symptoms
provides the best likelihood of having high titers of anti-SARS-CoV-2 antibodies.59 Convalescent plasma may be provided to patients with SARSCoV-2 infections through one of three approval pathways: (1) clinical trials, (2) national EAP under a central IND protocol, and (3) single-patient
eIND treatment after local Institutional Review Board approval and FDA approval. COVID-19, coronavirus disease 2019; EAP, expanded access
treatment protocol; eIND, emergency investigational new drug; FDA, U.S. Food and Drug Administration; HLA, human leukocyte antigen; ID,
infectious disease testing required by the FDA; IND, investigational new drug; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2;
TRALI, transfusion-related acute lung injury.

disease, rescue intervention for patients receiving mechanical ventilation, and pediatric patients. Information on adverse events and COVID-19 outcomes after plasma therapy
will also be collected from the expanded access program and
eIND cases.48

way.76–78 As these developments are evolving at a rapid pace,
further discussion is currently beyond the scope of this
article.

Vaccines

The immune system is a major means to combat severe viral
acute respiratory diseases. With the rapid onset of the
COVID-19 pandemic in a naïve population, there is limited
defense by the body’s innate immunity. As there is a lack of
other effective preventive and therapeutic measures,
patients suffering from COVID-19 may beneﬁt from passive
immunity to mitigate the severe complications of the disease. This can be achieved using hyperimmunoglobulin or
convalescent plasma. Of these, convalescent plasma is most
readily available. Past experience has shown beneﬁts of
convalescent plasma in inﬂuenza, Ebola, SARS, and MERS.
It is hopeful that the limited reports on its successful use in
this pandemic will be veriﬁed in current clinical trials.

Currently, there are no vaccines available for COVID-19.
Different types of vaccines had in the past been developed
for SARS and MERS, but none has yet been approved.72 The
RBD of SARS-CoV spike protein has been shown to induce
neutralizing antibodies.73,74 Subunits of the S protein of
SARS-CoV and MERS-CoV are currently being used by different manufacturers employing various technologies. In one,
the S-trimer of SARS-CoV-2 has been shown to confer
antigen-speciﬁc neutralizing antibodies. Others are DNA75
and mRNA vaccines. One major concern is the somewhat
ironic phenomenon of ADE, as mentioned previously with
use of convalescent plasma, in which the vaccinated person
responds with virus-speciﬁc antibodies that can facilitate
virus entry into the host cell through the Fc-receptor path-

Conclusion

Conﬂict of Interest
None.
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