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ABSTRACT
 While promising, convalescent plasma remains ex-
perimental and is not proven effective for COVID-19. In 
addition, many questions remain regarding the accuracy 
and predictive value of antibody testing of donors and 
patients, optimal donor selection, optimal timing, and 
selection of patients most likely to benefi t. Until these 
questions are answered, convalescent plasma should ide-
ally be used in the context of well-designed clinical trials.

KEY POINTS
Transfusion of convalescent plasma may benefi t patients 
with acute COVID-19 by a direct antiviral effect and pos-
sible nonspecifi c anti-infl ammatory properties. 

Convalescent plasma is likely most effective when given 
early in the course of the disease. 

The ideal donor has high titers of neutralizing antibodies 
against SARS-CoV-2, although optimal testing for these 
antibodies is not yet established. 

Convalescent plasma has been used for over a century, is 
likely safe, and observational data from the Expanded
Access Program and limited cohort studies suggest it 
may be benefi cial. 

While convalescent plasma has received emergency use 
authorization from the US Food and Drug Administration, 
its effectiveness has yet to be established in well-con-
trolled clinical trials, which are ongoing. 
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COVID-19 convalescent plasma is plasma 
collected from donors who have recently 

recovered from acute COVID-19 infection. 
This plasma is likely to contain high levels 
of neutralizing antibodies against the SARS-
CoV-2 virus, which, when transfused to pa-
tients with acute COVID-19 infection, can 
confer a degree of passive immunity.
 Convalescent plasma has been used for 
over a century as treatment and postexposure 
prophylaxis for various infections. Case series 
from prior viral outbreaks suggest it can re-
duce viral load and cytokine levels and may 
improve clinical outcomes. Clinical trials to 
assess its effectiveness for the treatment of 
COVID-19 are ongoing.

 ■ MECHANISM OF ACTION 
AND POTENTIAL SIDE EFFECTS

The presumed mechanism of action of con-
valescent plasma is through direct binding 
and inactivation of the SARS-CoV-2 virus 
by anti-SARS-CoV-2 neutralizing antibodies. 
Antibody-dependent complement activation, 
cytotoxicity, and phagocytosis may also con-
tribute to the therapeutic effect of neutral-
izing antibodies in convalescent plasma. In 
addition to improved viral clearance, neutral-
izing and nonneutralizing antibodies may also 
lessen disease severity and facilitate recovery 
by modulating the exaggerated immune re-
sponse—the cytokine storm—associated with 
severe disease and multiorgan failure.1–4

 Convalescent plasma differs from standard 
plasma only in that it contains anti-SARS-
CoV-2 antibodies. The risk of transfusion-
related adverse events is therefore likely 
identical to the risk associated with standard 
plasma, namely, transfusion-associated circu-
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latory overload, transfusion-related acute lung 
injury, and allergic reactions.5

 An increased risk of thrombotic events has 
previously been reported with treatment with 
hyperimmune immunoglobulin.6 COVID-19 
is a highly prothrombotic disease, and the im-
pact of plasma transfusion on the coagulation 
system and the rate of thrombotic complica-
tions in COVID-19 is unknown.
 Theoretical risks unique to anti-SARS-
CoV-2 antibodies within convalescent plasma 
are antibody-dependent enhancement of in-
fection and attenuated immune response with 
increased risk of future infection.
 Antibody-dependent enhancement of in-
fection is a phenomenon in which the pres-
ence of antibodies exacerbates the severity 
of the current infection. It has been well de-
scribed for other viral infections such as den-
gue fever, and is usually due to prior infection 
with a virus of a different serotype. A proposed 
mechanism is that nonneutralizing antibodies 
bound to the virus surface facilitate viral entry 
into host cells by anchoring the virus to the 
host cell through host cell receptors to the Fc 
portion of the antibody. 
 Antibody-dependent enhancement of in-
fection has been cited as a potential reason 
for regional differences in severity of illness of 
COVID-19, but evidence for it in coronavirus 
infection stems mostly from in vitro studies. 
It is unclear if this is truly contributing to the 
clinical manifestation of COVID-19 or if it is 
relevant to treatment with convalescent plas-
ma with high titers of neutralizing antibodies. 
Unfortunately, currently available antibody 
tests lack accuracy to determine if the SARS-
CoV-2 antibodies present in convalescent 
plasma are truly neutralizing in vivo.5,7

 Convalescent plasma may also blunt the 
recipient immune response and lead to de-
creased formation of anti-SARS-CoV-2 an-
tibodies, leaving patients at potentially in-
creased risk for future infections.5

 ■ HISTORICAL PRECEDENCE

Convalescent plasma or “serum therapy” has 
a storied history dating back to 1901, when 
Emil Adolf von Behring was awarded the fi rst 
Nobel Prize in medicine for its use in treating 
diphtheria.  It was the only targeted therapy 

for acute infections until the advent of an-
tibiotics in the 1940s and was used to treat 
various bacterial infections from pneumonia 
to meningitis and botulism, as well as viral 
infections such as mumps, measles, polio, and 
infl uenza.1,2 
 A meta-analysis of 8 studies involving 
1,703 patients from the 1918–1920 H1N1 
infl uenza outbreak concluded, despite many 
methodologic limitations, that patients treat-
ed with convalescent plasma may have experi-
enced a clinically signifi cant reduction in the 
risk of death.8 

 More recently, during the 2009–2010 infl u-
enza H1N1 pandemic, the use of convalescent 
plasma or hyperimmune globulin from conva-
lescent plasma to treat critically ill patients 
was reported to be associated with improved 
viral clearance and decreased cytokine levels, 
particularly those of infl ammatory cytokines. 
Subgroup analysis of patients treated within 5 
days of disease onset showed higher survival 
rates with convalescent plasma-derived hy-
perimmune globulin than with placebo.9,10 

 Convalescent plasma was also used in the 
2013 West African Ebola epidemic and in the 
2 Ebola patients transferred to the United 
States (both of whom survived).1,2

 Evidence supporting the use of convales-
cent plasma to treat coronavirus-associated 
disease comes from the outbreaks of SARS-
CoV-1 in 2003 and Middle East respiratory 
syndrome (MERS) in 2012. The largest study11 
involved 80 critically ill patients treated with 
convalescent plasma during the SARS-CoV-1 
outbreak in 2003 in Hong Kong. Compared 
with control patients (who were offered con-
valescent plasma but declined to give consent 
for experimental treatment), those who re-
ceived it were reported to have higher rates of 
“good outcomes” if treated within 14 days of 
hospital admission. A good outcome was de-
fi ned as being alive and discharged from the 
hospital by day 22. 
 A meta-analysis12 of 32 studies in patients 
with SARS or severe infl uenza concluded, de-
spite weak evidence, that convalescent plas-
ma treatment led to statistically signifi cant re-
duction in the pooled odds of mortality (odds 
ratio [OR] 0.25, 95% confi dence interval [CI] 
0.14–0.45). 
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 ■ USE IN THE UNITED STATES 

Given the extraordinary circumstances of 
this global pandemic and the lack of effective 
treatment, the US Food and Drug Adminis-
tration (FDA) initially allowed the use of con-
valescent plasma as an investigational product 
through 3 pathways:
• Clinical trials
• The Expanded Access Program, active 

from April 1 through August 31, 2020 
• A single-patient emergency investigational 

new drug application. This option allowed 
patients unable or ineligible to participate 
in clinical trials or the Expanded Access 
Program to receive convalescent plasma 
for “serious or immediately life-threaten-
ing” COVID-19 infections under Title 21, 
Code of Federal Regulations 312.310, from 
a licensed physician upon FDA authoriza-
tion.13 This option also ended August 31. 

Plasma collection and donor selection 
Convalescent plasma is collected by registered 
and licensed blood establishments that col-
lect plasma, such as the American Red Cross. 
Once manufactured, it is distributed by blood 
centers for investigational use.
 All donors must meet standard blood do-
nation eligibility requirements and are tested 
for relevant transfusion-transmissible infec-
tions. The FDA13 has set the following criteria 
for COVID-19 convalescent plasma donors:
 Laboratory confi rmation of SARS-CoV-2 
infection, either by nasopharyngeal poly-
merase chain reaction (PCR) testing at the 
time of illness, or a positive serologic test for 
SARS-CoV-2 antibodies after recovery, if PCR 
was not performed at the time COVID-19 was 
clinically suspected.
 Complete resolution of symptoms at least 
14 days before the donation. A negative re-
sult for COVID-19 by a diagnostic test is not 
necessary.
 Male donors, or female donors who have 
never been pregnant or who have tested neg-
ative for human leukocyte antigen antibodies 
since their most recent pregnancy.
 Testing for SARS-CoV-2 neutralizing an-
tibodies has not been a requirement, but sam-
ples from each unit of convalescent plasma are 
stored for future testing once reliable antibody 
testing is available.

 Based on studies of antibody kinetics show-
ing immunoglobulin G seroconversion around 
day 10 and peak antibody titers around day 28, 
the optimal timing for convalescent plasma 
donation appears to be approximately 4 weeks 
after symptom onset. Older, male patients with 
more severe illness appear to develop higher 
antibody titers than those with minimal symp-
toms and may be more suitable donors.14–16

 If antibody titers are available, the FDA 
suggests the viral neutralizing antibody titers 
should be at least 1:160, but titers of 1:80 
are considered acceptable if an alternative 
matched unit is not available.
 However, assays to determine viral neu-
tralizing antibody titers are not widely avail-
able, in part because they are labor-intensive 
and require a biosafety level 3 laboratory if 
live virus is used. Viral neutralizing titers are 
therefore not known for the vast majority 
of plasma units, and a substantial portion of 
convalescent plasma donors may have titers 
below the FDA-recommended threshold.14,17 

Antibody titers determined by commercially 
available enzyme-linked immunosorbent assay 
may correlate with viral neutralizing antibody 
titers, but have poor specifi city.14

 Until reliable antibody testing is widely 
available, convalescent plasma is collected 
solely on the basis of the FDA criteria above, 
resulting in unpredictable and likely heteroge-
neous viral neutralizing antibody titers across 
all donations.

Clinical experience 
with convalescent plasma for COVID-19 
To date, evidence on the effectiveness of 
convalescent plasma for the treatment of 
COVID-19 is limited to case series,18–21 small 
cohort studies,22,23 and data from the Expand-
ed Access Program.24 Randomized controlled 
trials are currently ongoing, and the current-
ly available data from prospective trials are 
minimal.
 Early case reports from China described 
patients who were alive at the time of publica-
tion with improved viral clearance, decreased 
cytokine levels, improved fi ndings on chest 
imaging, and stable or improved oxygenation 
after treatment with convalescent plasma.18–20 
Similar outcomes were reported in early case 
series from the United States.21 
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 Liu et al22 reported stable or improved oxy-
genation in patients treated with convalescent 
plasma compared with matched controls, and a 
lower mortality rate with treatment for nonintu-
bated patients (hazard ratio 0.23, 95% CI 0.05–
0.98, P = .046), but not for intubated patients 
(hazard ratio 0.79, 95% CI 0.22–2.79, P = .716).  
 In contrast, Rogers et al23 were unable to 
demonstrate a survival benefi t for their cohort 
of 64 patients treated with convalescent plas-
ma compared with a matched cohort of 177 
patients treated with standard of care.  
 The fi rst randomized controlled trial 
of convalescent plasma in COVID-19 was 
stopped early due to slow enrollment, as local 
infection rates declined thanks to strict lock-
down measures in Wuhan, China.25 The study 
was therefore underpowered to demonstrate 
statistically signifi cant differences in either 
the primary end point (time to clinical im-
provement) or secondary end points (28-day 
mortality rate, time to hospital discharge, and 
rate of negative PCR testing at 72 hours). Al-
though not statistically signifi cant, the results 
appear to signal a more favorable outcome for 
patients treated with convalescent plasma.25  
 An analysis stratifi ed by disease severity 
showed that patients who did not need me-
chanical ventilation and did not have multi-
organ failure had a shorter time to clinical im-
provement if given convalescent plasma than 
with placebo. Clinically signifi cant improve-
ment at day 28 was also more likely to occur in 
the convalescent plasma group (91.3%) than 
in the control group (68.2%).25 

Data from the Expanded Access Program
While clinical trials are still ongoing (on Sep-
tember 28, 2020, clinicaltrials.gov listed 93 clin-
ical trials that were recruiting patients for the 
use of convalescent plasma to prevent or treat 
COVID-19), nearly all patients who received 
convalescent plasma in the United States did so 
through the US Convalescent Plasma Expand-
ed Access Program, created in collaboration be-
tween the FDA and Mayo Clinic.24

 This registry study was designed to facili-
tate rapid application of convalescent plasma 
in clinical practice and monitor its safety.  
It allowed physicians treating hospitalized 
COVID-19 patients to register and request 
convalescent plasma for individual qualifying 

patients. The physician registering a patient 
was required to complete all necessary docu-
mentation including consent, patient history, 
posttransfusion follow-up data, and adverse 
event reporting in a centralized electronic da-
tabase administered by Mayo Clinic.24 
 From April through August of this year, 
14,532 physicians at 2,759 sites registered 
105,785 patients, 84,639 of whom received 
convalescent plasma through this program by 
August 31.24

 Safety. In the fi rst 20,000 patients who 
received convalescent plasma through the 
Expanded Access Program, the rate of seri-
ous adverse events within 4 hours of transfu-
sion was less than 1%.26 Sixty-three of these 
events (0.3% of all transfusions) were deaths, 
13 of which were judged as related to conva-
lescent plasma (12 possibly, 1 probably, and 0 
defi nitely). Seventy-eight nonmortality events 
were reported, with 36 reports of transfusion-
associated circulatory overload, 21 reports of 
transfusion-related acute lung injury, and 21 
reports of severe allergic transfusion reaction.26  
 Within 7 days of completion of the trans-
fusion, 1,247 other serious adverse events were 
reported,26 including 113 thromboembolic or 
thrombotic events, 457 sustained hypoten-
sive events requiring intravenous vasopressor 
support, and 677 cardiac events.  The authors 
note that 75 of the thrombotic or thromboem-
bolic complications and 597 of the 643 cardiac 
events were judged by the treating physician 
to be unrelated to the plasma transfusion .26 
 In contrast, the incidence of transfusion-
related reactions reported in a recent matched 
cohort study of 64 patients23 and the random-
ized controlled trial in 102 patients25 was 
signifi cantly higher, at 2.8%  and 2.1%, re-
spectively. This highlights the challenges in 
assessing transfusion-related complications in 
critically ill patients and differentiating them 
from progression of disease.
 Effectiveness. The fi rst effectiveness anal-
ysis27 of 35,322 patients treated with conva-
lescent plasma through the Expanded Access 
Program between April 4 and July 4 reported 
an overall mortality rate of 10.5% by day 7 
and 24.9% by day 30.  
 Subgroup analysis comparing patients 
treated with plasma early after diagnosis (with-
in 3 days or less) vs late, and patients treated 
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with plasma containing high vs low levels of 
anti-SARS-CoV-2 antibody, signal a possible 
benefi t of early administration of plasma with 
high antibody titers.
 In patients treated with convalescent 
plasma within 3 days of the diagnosis of 
COVID-19, the 7-day mortality rate was 8.7% 
(95% CI 8.3%–9.2%) compared with 11.9% 
(11.4%–12.2%) in those who received it 4 or 
more days after diagnosis (P < .001).  A simi-
lar trend was observed in 30-day mortality 
(21.6% vs 26.7%, P < .0001).27 
 Estimates of the antibody titers of the con-
valescent plasma transfused were available 
for 3,082 patients. Titers were estimated us-
ing the Ortho-Clinical Diagnostics VITROS 
Anti-SARS-CoV-2 immunoglobulin G (IgG) 
chemiluminescent immunoassay, a qualitative 
assay based on the sample signal-to-cut-off 
(S–Co) ratio, with values less than 1.0 and 1.0 
or higher corresponding to negative and posi-
tive results.  The authors used S–Co values to 
estimate relative levels of anti-SARS-CoV-2 
antibodies by setting thresholds for “low” and 
“high” level sera based on approximately the 
20th and 80th percentiles of the distribution 
for the S–Co ratios, respectively.27

 Patients who received high-IgG plasma 
had a lower 7-day mortality rate (8.9% [6.8%–
11.7%]) than those receiving medium- (11.6% 
[10.3%–13.1%]) or low-IgG plasma (13.7% 
[11.1%–16.8%]).  The pooled relative risk of 
mortality among patients who received high-
antibody-level plasma units, compared with 
low-antibody plasma units, was 0.65 [0.47–
0.92] at 7 days and 0.77 [0.63–0.94] at 30 days.27  
 This difference in relative risk of mortality 
at 7 days led to the now infamously retract-
ed statement of FDA commissioner Stephen 
Hahn that convalescent plasma led to a 35% 
improvement in survival.28  
 The authors of the study are more cautious 
in their interpretation and conclude27 that 
these observed “relationships between mor-
tality and both the time to plasma transfusion 
and antibody levels provide a signature that is 
consistent with effi cacy.”  
 Limitations of the data. While these re-
sults are promising, the ability to draw de-
fi nitive conclusions on effi cacy is limited by 
the lack of a control group and heterogeneity 
throughout the study period. 

 Mortality rates for patients hospitalized 
for COVID-19 declined signifi cantly over the 
reporting period, with overall 7-day mortality 
rates decreasing from 15.5% in April to 6.6% 
in June. This correlates with a signifi cant de-
crease in severity of illness, with 49.9% of 
patients requiring mechanical ventilation in 
April compared with only 16.4% in June.27  
 Similarly, concomitant use of therapies 
that have since been proven effective or in-
effective changed dramatically. For example, 
the number of patients in this study treated 
with hydroxychloroquine, which is now gen-
erally regarded as useless, declined from 62.3% 
in April to 1.8% in June, while the use of rem-
desevir, which seems to be effective, increased 
from 4.7% to 46.3%.27  
 Over the same time, the proportion of 
patients receiving low-antibody-titer plasma 
decreased from 26.0% to 11.9%, while the 
proportion of patients receiving transfu-
sions within 3 days increased from 24.7% to 
50.3%.25  The benefi t in terms of lower mortal-
ity observed for early vs late plasma transfu-
sion and transfusion with high- vs low-anti-
body-titer plasma may therefore simply refl ect 
the correlation with an overall decrease in se-
verity of illness. Again, without a well-defi ned 
control group, the data from the Expanded 
Access Program will not be able to answer the 
question of effi cacy defi nitively.  

Recent studies awaiting peer review
After the effi cacy analysis of the Expanded 
Access Program was published, results of 3 
more randomized controlled trials have been 
published on preprint servers. Although these 
publications are yet to be peer-reviewed and 
have some methodologic weaknesses, they 
raise serious doubts about the effectiveness of 
convalescent plasma.
 Balcells et al29 report no difference in 
outcomes in a single-center open-label study 
of immediate treatment with convalescent 
plasma vs delayed treatment only in case of 
disease progression. The early plasma group 
received their fi rst plasma unit at enrollment. 
The deferred plasma group received conva-
lescent plasma only if their respiratory status 
worsened (defi ned as a Pao2/Fio2 ratio < 200) 
or if the patient remained hospitalized after 7 
days of enrollment with persistent symptoms. 

IgG sero-
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 Fifty-eight patients were randomized, 28 in 
the early treatment group, and 30 in the de-
ferred treatment group, with 13 of the 30 pa-
tients in the deferred group eventually receiv-
ing plasma due to progression of symptoms.29  
 There was no difference in the primary 
composite end point of progression to me-
chanical ventilation, hospitalization greater 
than 14 days, or in-hospital mortality, which 
occurred in 9 (32%) of the 28 patients in the 
early treatment group vs 10 (33%) of the 30 
patients in the deferred treatment group (OR 
0.95, 95% CI 0.32–2.84).29  
 Patients who received plasma early had 
overall higher rates of death, which occurred 
in 5 (18%) of 28 vs 2 (7%) of 30 patients, 
OR 3.04, 95% CI 0.54–17.2) and need for 
mechanical ventilation: 5 (18%) of 28 vs 2 
(6.7%) of 30 patients, OR 3.04, 95% CI 0.54–
17.2, although the differences were not statis-
tically signifi cant.29   
 The Convalescent Plasma for COVID 
(ConCOVID) study,30 a multicenter open-
label randomized clinical trial in the Nether-
lands, was halted early after 53 of 66 patients 
tested were found to have high titers of SARS-
CoV-2 neutralizing antibodies at the time of 
enrollment, before they received  convalescent 
plasma.  Analysis of the available outcomes data 
of the total of 86 enrolled patients showed no 
difference in disease severity, hospital length of 
stay or mortality rates between patients who 
received plasma and the control group.  
 The PLACID trial,31  an open-label, mul-
ticenter randomized controlled trial compar-
ing convalescent plasma to standard of care, 
enrolled 464 patients with moderate sever-
ity of illness (Pao2/Fio2 ratio 200–300, or 
respiratory rate > 24 per minute and Spo2 ≤ 
93% on room air) in 39 centers across In-
dia.  Although it demonstrated a statistically 
signifi cant greater absolute decrease in Fio2 
needed by day 7 (11% vs 9.5%)  and greater 
rate of viral clearance as demonstrated by 
negative SARS-CoV-2 PCR  testing (67.9% 
vs 54.6%),  the study showed no difference in 
the primary composite outcome of progres-
sion to severe disease (defi ned as a Pao2/Fio2 
ratio < 100) or death by day 28, which oc-
curred in 44 (18.7%) of 235 in the treatment 
group vs 41 (17.9%) of 229 in the standard 
care group, OR 1.09, 95% CI 0.67–1.77.   In-

terestingly, the study reported 3 deaths that 
were considered to be possibly directly relat-
ed to convalescent plasma transfusion (1.3% 
of the active treatment group).  

 ■ EVIDENCE IS SUGGESTIVE, BUT WEAK

Taken together, the evidence available today 
suggests treatment with convalescent plasma 
may improve viral clearance, decrease infl am-
mation, and improve oxygenation, which 
may translate into a lower mortality rate for 
select patients. This treatment appears to be 
of greatest benefi t if plasma with high titers 
of neutralizing antibodies is given early in the 
course of the disease in patients without ad-
vanced organ failure, such as respiratory fail-
ure requiring mechanical ventilation. 
 The evidence supporting convalescent 
plasma, however is weak, and serious ques-
tions remain about optimal timing, patient se-
lection, dosing, and antibody testing of donors 
and patients. True safety and effi cacy have yet 
to be confi rmed in ongoing well-controlled 
prospective trials
 Both the Infectious Diseases Society of 
America32 and the National Institutes of 
Health Treatment Guideline Panel33 there-
fore concluded there is currently not enough 
evidence to recommend convalescent plasma 
as the standard of care and recommend its use 
in prospective, well-controlled, randomized 
trials. 
 Despite these limitations and concerns, the 
FDA determined that on the basis of these data 
the “known and potential benefi ts of the prod-
uct, when used to treat COVID-19, outweigh 
the known and potential risks of the product” 
and has granted emergency use authorization.34 

 This fi nding authorizes the distribution and 
administration of COVID-19 convalescent 
plasma for the treatment of confi rmed or sus-
pected COVID-19. It requires that a fact sheet 
providing information of dosing and potential 
side effects be made available to patients treat-
ed with convalescent plasma and that health-
care providers maintain records, conduct a 
thorough investigation, and report adverse 
reactions and fatalities related to convalescent 
plasma transfusion, as required under Title 21, 
Code of Federal Regulations 606.170. ■
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