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A BS T R AC T
BACKGROUND

Polyclonal convalescent plasma may be obtained from donors who have recovered
from coronavirus disease 2019 (Covid-19). The efficacy of this plasma in preventing
serious complications in outpatients with recent-onset Covid-19 is uncertain.
METHODS

In this multicenter, double-blind, randomized, controlled trial, we evaluated the efficacy and safety of Covid-19 convalescent plasma, as compared with control plasma,
in symptomatic adults (≥18 years of age) who had tested positive for severe acute
respiratory syndrome coronavirus 2, regardless of their risk factors for disease progression or vaccination status. Participants were enrolled within 8 days after symptom onset and received a transfusion within 1 day after randomization. The primary
outcome was Covid-19–related hospitalization within 28 days after transfusion.
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RESULTS

Participants were enrolled from June 3, 2020, through October 1, 2021. A total of
1225 participants underwent randomization, and 1181 received a transfusion. In
the prespecified modified intention-to-treat analysis that included only participants
who received a transfusion, the primary outcome occurred in 17 of 592 participants
(2.9%) who received convalescent plasma and 37 of 589 participants (6.3%) who
received control plasma (absolute risk reduction, 3.4 percentage points; 95% confidence interval, 1.0 to 5.8; P = 0.005), which corresponded to a relative risk reduction of 54%. Evidence of efficacy in vaccinated participants cannot be inferred
from these data because 53 of the 54 participants with Covid-19 who were hospitalized were unvaccinated and 1 participant was partially vaccinated. A total of 16
grade 3 or 4 adverse events (7 in the convalescent-plasma group and 9 in the controlplasma group) occurred in participants who were not hospitalized.
CONCLUSIONS

In participants with Covid-19, most of whom were unvaccinated, the administration of convalescent plasma within 9 days after the onset of symptoms reduced the
risk of disease progression leading to hospitalization. (Funded by the Department
of Defense and others; CSSC-004 ClinicalTrials.gov number, NCT04373460.)
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n the United States, approximately 8%
of persons are hospitalized after infection
with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which causes coronavirus disease 2019 (Covid-19). Most therapies for
Covid-19 have targeted disease progression or
death in hospitalized patients. However, the Food
and Drug Administration (FDA) issued an emergency use authorization (EUA) for three monoclonal-antibody therapies for outpatients after
data showed decreases in the incidences of disease progression and hospitalization when these
therapies were administered within 5 to 7 days
after the onset of Covid-19.1-3 Alternative outpatient therapies are needed, particularly in settings
where monoclonal-antibody therapy is either unavailable (e.g., in low-income and middle-income
countries),4 scarce, or ineffective (i.e., because of
monoclonal antibody–resistant variants).5
Safety concerns about Covid-19 convalescent
plasma have not been identified in hospitalized
populations.6,7 In one study, high-titer Covid-19
convalescent plasma administered soon after hospitalization reduced the incidence of death from
Covid-19 by 50%,8 but data from randomized
clinical trials have not shown a consistent benefit
in hospitalized patients.9 Some heterogeneity exists with respect to hospitalized participants,
with some studies that show efficacy in reducing
the incidence of death10,11 and others that do not
show these findings.12-15 In general, improved outcomes are associated with the provision of hightiter plasma within days after the onset of
symptoms.16
Data from randomized trials involving outpatients with Covid-19 are limited.17 In a trial conducted in Argentina, the use of Covid-19 convalescent plasma in outpatients was associated with
a relative risk reduction of 48% in progression to
severe disease (absolute risk reduction, 15 percentage points) when it was administered within 72
hours after the onset of mild Covid-19 symptoms.18
However, in a trial of Covid-19 convalescent plasma
that was administered to patients in the emergency department who were at high risk for progression of Covid-19, enrollment was halted owing
to futility.19
In the Convalescent Plasma to Limit SARSCoV-2 Associated Complications (CSSC-004) Study,
we sought to determine whether a transfusion of
Covid-19 convalescent plasma (containing >1:320
SARS-CoV-2 anti–spike protein antibody levels)
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within 9 days after the onset of symptoms would
be effective in preventing disease progression
leading to hospitalization. Our trial population
consisted of adults who were 18 years of age or
older, and participants were included in the trial
regardless of their coexisting conditions and vaccination status.

Me thods
Trial Design and Oversight

In this double-blind, randomized, controlled trial, we compared qualified Covid-19 convalescent
plasma with control plasma. The FDA approved
the trial protocol (available with the full text of
this article at NEJM.org) in the investigational
new drug application (IND 19725), sponsored by
Johns Hopkins University. The enrollment sites
and investigators are listed in the Supplementary
Appendix, available at NEJM.org.
Data were collected by the investigators and
personnel at the blood bank at each participating
site. The trial leadership and investigators from
the clinical coordination center and data coordination center designed the trial, analyzed the data,
and vouch for the accuracy and completeness of
the data and the adherence of the trial to the
protocol. No prespecified confidentiality agreements were in place between the sponsors and
authors. The trial sponsors did not contribute to
the trial design, to the collection, analysis, and
interpretation of data, or to the decision to submit the manuscript for publication.
The institutional review board of Johns Hopkins University served as the single institutional
review board. For the Center for American Indian
Health sites, the protocol was independently reviewed and approved by the Navajo Nation Human
Research Review Board and the Indian Health
Service National Institutional Review Board. The
protocol was also approved by the Human Research Protection Office of the Department of
Defense. An independent medical monitor who
was unaware of the trial-group assignments reviewed all serious adverse events, and an independent panel of three physicians who were unaware of the trial-group assignments adjudicated
Covid-19–related hospitalizations and severity.
An independent data and safety monitoring board
provided interim safety and efficacy reviews. The
trial was conducted in accordance with the principles of the Declaration of Helsinki, the Good
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Clinical Practice guidelines of the International after enrollment, followed by an observation peCouncil for Harmonisation, and all applicable riod of 30 minutes.
regulatory requirements.
The presence of SARS-CoV-2 antibodies was
confirmed in eligible donors after a 1:320 plasma
Participants
dilution was positive on one of three validated
At 23 trial sites in the United States, we assigned spike-protein enzyme-linked immunosorbent asSARS-CoV-2–positive participants (≥18 years of says (ELISAs), including the Anti-SARS-CoV-2
age) within 8 days after the onset of Covid-19 ELISA (IgG) (Euroimmun), the Vitros Covid-19
symptoms to receive a transfusion by day 9. Par- IgG Assay (Ortho Clinical Diagnostics), and the
ticipants were recruited with the use of clinic- Covid-19 ELISA IgG Antibody Test (Mount Sinai
based lists of SARS-CoV-2–positive outpatients, Laboratory), in a laboratory certified by the Cliniphysician referrals, or participant referrals, or by cal Laboratory Improvement Amendments propaid media advertisements that were augmented cess. After the donor convalescent plasma was
by earned media stories, directing participants to qualified for use, the antibody levels were chara call center or website managed by a marketing acterized in research laboratories by full-length
communications agency and consulting firm. Paid ancestral spike end-point titers, live-virus growth
media advertisements were geographically focused neutralization assays, and arbitrary units on the
near clinical trial sites. Advertisements were placed Euroimmun IgG assay according to the assay
in search engines, social-media sites, high-volume manufacturer’s recommended dilution of 1:101.20
Covid-19 testing sites, and local media outlets. After July 2021, transfusions were restricted to
Trial personnel and investigators confirmed that units of plasma with arbitrary units of greater
each participant could be safely treated on an than 3.5 at a 1:101 dilution on the Euroimmun
outpatient basis.
IgG assay, in accordance with the March 9, 2021,
Exclusion criteria included previous Covid-19– FDA EUA21 for high-titer convalescent plasma for
related hospitalization or planned hospitaliza- hospitalized patients. Units of control plasma
tion within 24 hours after enrollment, previous were either donated in 2019 or obtained from
reactions to blood-product transfusions, an inabil- persons who tested seronegative for SARS-CoV-2
ity to adhere to the protocol, or receipt of mono- after December 2019.
clonal antibodies before enrollment. Pregnant persons as well as those who had received a Covid-19 Outcomes
vaccine before or during follow-up and those The primary outcome was Covid-19–related hoswho had received glucocorticoids were eligible. pitalization within 28 days after transfusion,
All the trial participants provided written in- assessed as the cumulative incidence in the conformed consent.
valescent-plasma group as compared with the
control-plasma group. The decision to hospitalRandomization and Intervention
ize patients was at the discretion of local providAfter screening, participants from all the sites ers. Although death before hospitalization was
were randomly assigned in a 1:1 ratio with the use part of the protocol-specified primary outcome,
of a central Web-based system and a permuted- it did not occur in the trial. Hence, the primary
block sequence to receive either Covid-19 conva- outcome is equivalent to Covid-19–related hospilescent plasma or control plasma (each adminis- talization. Covid-19–related hospitalizations and
tered in a single dose at a volume of approximately disease severity in hospitalized patients were
250 ml). Randomization was stratified according adjudicated by a panel of three physicians who
to trial site and participant age (<65 years or ≥65 were unaware of the trial-group assignments.
years). Both investigational products were matched
No prespecified secondary outcomes are refor ABO compatibility, and the existing labels ported here. In the subgroup analysis, all the subwere covered with labels that read “Thawed plasma groups (e.g., the time from symptom onset to the
(volume), store at 1–6°C; new drug limited by transfusion of plasma) were prespecified.
federal (or U.S.) law to investigational use” in order
to preserve verification codes. Convalescent plas- Safety Assessments
ma or control plasma was transfused over a pe- Adverse events were graded according to the Comriod of approximately 1 hour within 24 hours mon Terminology Criteria for Adverse Events, vern engl j med  nejm.org
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sion 5.0. Safety outcomes that were monitored
throughout the trial included transfusion-related
serious adverse events that manifested as the following: severe transfusion reactions, acute respiratory distress syndrome, or adverse events of
grade 3 or 4. An independent medical monitor
who was unaware of the trial-group assignments
evaluated adverse events, serious adverse events,
and changes from baseline in safety laboratory
values.
Statistical Analysis

The statistical analysis plan, included with the
trial protocol at NEJM.org, was finalized before
database lock and unblinding. We initially estimated that a sample size of 1280 participants
would provide the trial with 80% power to detect
a between-group difference of at least 25% in
the relative risk of hospitalization, assuming an
estimated 22% risk of hospitalization in the
control-plasma group, at a one-sided significance
level of 0.05. This sample size was increased to
1344 to allow for potential loss to follow-up.
We calculated the risk difference and the restricted mean survival time (the expected mean
time to hospitalization or death by 28 days) in a
modified intention-to-treat analysis that excluded
participants who did not receive transfusion of
convalescent plasma or control plasma. We estimated the cumulative incidence using the doubly
robust estimator based on a targeted minimum
loss–based estimator.22 In order to increase the
precision of estimates and to account for potential dependent censoring, the analyses were adjusted for baseline variables that were potentially
related to the primary outcome.22 In order to determine which prespecified candidate variables to
include, we conducted variable selection using
the random survival forest method in the entire
sample while we were unaware of the trial-group
assignments (see the Supplementary Appendix).
We used imputation for missing values in an
algorithm to select covariates for inclusion in a
targeted minimum loss–based estimation model. A time-to-event analysis was based on the period from the time of transfusion until an outcome occurred. A two-sided test with a type I
error of 0.05 was used to determine statistical
significance. Full details of the trial conduct are
provided in the protocol.
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R e sult s
Trial Population

From June 3, 2020, through October 1, 2021, a
total of 1225 participants at 23 sites who had
tested positive for SARS-CoV-2 (87% by RNA detection and 13% by antigen detection) underwent
randomization; of these participants, 592 received
convalescent plasma and 589 received control
plasma, for a total of 1181 participants who were
included in the modified intention-to-treat analysis (Fig. 1). Owing to sharply declining numbers
of hospitalizations after the first 1000 participants were enrolled, the trial enrollment was
halted by the trial leadership (whose members
were unaware of the trial-group assignments) after more than 90% of the initial enrollment target
was reached.
There were no obvious imbalances between the
trial groups with respect to baseline characteristics, including coexisting conditions, Covid-19
vaccination status, vital signs, and clinical laboratory results (Table 1, and Table S1 in the Supplementary Appendix). The median age was 43 years;
80 participants (7%) were 65 years of age or older,
and 411 participants (35%) were 50 years of age
or older. Black participants (163 persons) and Hispanic or Latino participants (170 persons) each
accounted for more than 10% of the participants,
whereas 21 participants (2%) were American Indians or Alaska Natives or Native Hawaiians or
other Pacific Islanders. Women, including 3 who
were pregnant, made up 57% of the participants.
The median time from symptom onset to transfusion was 6 days.
The proportion of Black participants in the
trial was similar to that in the general U.S. population, but the proportion of Hispanic participants
was lower. In addition, in the trial population,
participants who were 65 years of age or older and
men were less frequently represented than younger participants and women (Table S2).
Convalescent Plasma

A total of 333 units of Covid-19 convalescent plasma that had been obtained from unique donors
were transfused into 592 participants. Many identical aliquots of plasma that had been obtained
from large-volume single donations were administered to 2 to 4 recipients. Of the 333 units of
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5916 Participants were assessed for eligibility

4691 Were excluded
3254 Did not meet inclusion criteria
793 Had symptom onset >8 days previously
650 Were expected to be hospitalized
within 24 hr after enrollment
1811 Had other reason
882 Declined to participate
555 Had other reason

1225 Underwent randomization

610 Were assigned to receive convalescent
plasma
592 Received convalescent plasma
18 Did not receive convalescent plasma

615 Were assigned to receive control plasma
589 Received control plasma
26 Did not receive control plasma

592 Were included in the modified
intention-to-treat population

589 Were included in the modified
intention-to-treat population

533 Completed 90-day follow-up
50 Were lost to follow-up
9 Decided to withdraw from trial

526 Completed 90-day follow-up
3 Died
52 Were lost to follow-up
1 Withdrew because of physician decision
7 Decided to withdraw from trial

Figure 1. Enrollment, Randomization, and Follow-up.
Participants may have had more than one reason for exclusion from the trial. The modified intention-to-treat population included all the participants who underwent randomization and received a transfusion. There was 100% ascertainment of the primary-outcome events by day 28.

convalescent plasma, 300 (90%) were donated between April and December 2020, and the remaining 33 were donated between January and April
2021. Serologic analysis with the use of assays
developed at the Johns Hopkins University research laboratory20 revealed that 80% of all the
units had SARS-CoV-2 spike protein antibody titers of at least 1:4860 (the end-point titer equivalent to 105 spike-binding international arbitrary
units per milliliter), virus 2- to 3-day culture neutralization of at least 8 international units per milliliter, and greater than 3.5 arbitrary units on the
Euroimmun IgG assay (Fig. S1). The Euroimmun
benchmark met the 2021 FDA definition of hightiter convalescent plasma.21

did not receive a transfusion, the outcome of
Covid-19–related hospitalization within 28 days
occurred in 17 of 592 participants (2.9%) who
received Covid-19 convalescent plasma and in 37
of 589 participants (6.3%) who received control
plasma (absolute risk reduction, 3.4 percentage
points; 95% confidence interval [CI], 1.0 to 5.8;
P = 0.005) (Fig. 2 and Table 2). The relative risk
reduction was 54%.
The results of a prespecified, adjusted, targeted minimum loss–based estimation analysis
were similar to those of the unadjusted analysis
(Table 2) because the cumulative incidences were
similar. The results were similar in prespecified
subgroups defined according to sex, body-mass
index, age, vaccination status, and status with
Primary Outcome: Hospitalization
respect to hypertension and diabetes (Fig. 3). The
In the prespecified modified intention-to-treat results suggest that point-estimate outcomes were
trial population that excluded participants who better in participants who received a transfusion
n engl j med  nejm.org
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Table 1. Baseline Characteristics of the Participants in the Modified Intentionto-Treat Population.*

Characteristic
Median age (IQR) — yr

Convalescent
Plasma
(N = 592)

Control
Plasma
(N = 589)

42 (32–54)

44 (33–55)

Age category — no. (%)
18–34 yr

190 (32.1)

165 (28.0)

35–49 yr

207 (35.0)

208 (35.3)

50–64 yr

155 (26.2)

176 (29.9)

≥65 yr

40 (6.8)

40 (6.8)

323 (54.6)

352 (59.8)

Asian

22 (3.7)

22 (3.7)

Black

92 (15.5)

71 (12.1)

8 (1.4)

9 (1.5)

Female sex — no. (%)
Race or ethnic group — no. (%)†

American Indian or Alaska Native
Native Hawaiian or other Pacific Islander

2 (0.3)

2 (0.3)

459 (77.5)

475 (80.6)

80 (13.5)

90 (15.3)

≥30

210 (35.5)

234 (39.7)

≥35

97 (16.4)

107 (18.2)

White
Hispanic or Latino
BMI — no. (%)‡

Coexisting conditions — no. (%)
Hypertension

140 (23.6)

136 (23.1)

Diabetes

49 (8.3)

50 (8.5)

Asthma

59 (10.0)

73 (12.4)

HIV infection

13 (2.2)

12 (2.0)

Pregnancy

2 (0.3)

1 (0.2)

6 (4–7)

6 (4–7)

493 (83.3)

481 (81.7)

Partially vaccinated

27 (4.6)

31 (5.3)

Fully vaccinated

72 (12.2)

77 (13.1)

Median time from symptom onset to
transfusion (IQR) — days
Vaccination status — no. (%)
Unvaccinated

*	The corresponding percentages for age, sex, and race or ethnic group in
persons with coronavirus disease 2019 (Covid-19) in the U.S. population are
provided in Table S2. HIV denotes human immunodeficiency virus, and IQR
interquartile range.
†	Race or ethnic group was reported by the participants.
‡	The body-mass index (BMI) is the weight in kilograms divided by the square
of the height in meters.

within 5 days after the onset of symptoms than
in those who received a transfusion later (Fig. 3).
Most participants who were hospitalized were
unvaccinated (53 of 54 participants). The baseline
demographic and clinical characteristics of the
hospitalized participants were similar to those
6

of

m e dic i n e

of participants who were not hospitalized. The
antibody levels in the units of transfused Covid-19
convalescent plasma were similar in hospitalized
and nonhospitalized participants (Fig S1). The
mean duration of hospitalization was the same
(6 days in both trial groups) after exclusion of the
three deaths in the control-plasma group. The
interval from plasma donation to transfusion was
similar in the recipients of convalescent plasma
who were hospitalized and those who were not
hospitalized (Fig. S2).
Disease Severity

In the modified intention-to-treat population, 12
participants in the convalescent-plasma group and
26 participants in the control-plasma group had
disease progression leading to the use of oxygen
in the hospital (Table 2). All three deaths after
hospitalization occurred in the control-plasma
group.
Other Trial Analyses

Before unblinding of the trial data, 7 hospitalizations were adjudicated as being unrelated to
Covid-19 (Supplementary Appendix). In an analysis
that included 61 hospitalizations for any cause
within 28 days after transfusion, hospitalizations
occurred in 21 of 592 participants (3.5%) who
received Covid-19 convalescent plasma and in 40
of 589 participants (6.8%) who received control
plasma (absolute risk reduction, 3.3 percentage
points; 95% CI, 0.7 to 5.8), with a relative risk
reduction of 47%. All 1181 participants who had
received a transfusion had confirmed hospital
status by day 28.
Safety

A total of 89 adverse events of grade 3 or 4 were
reported (34 in the convalescent-plasma group
and 55 in the control-plasma group) (Table S3).
The 44 cases of pneumonia that were classified
as adverse events (14 in the convalescent-plasma
group and 30 in the control-plasma group) were
also trial outcomes. A total of 16 grade 3 or 4 adverse events (7 in the convalescent-plasma group
and 9 in the control-plasma group) occurred in
participants who were not hospitalized (Table S4).
One transfusion was stopped after 2 to 3 ml had
been administered, when diffuse erythema and
nausea developed in the participant; that participant was evaluated in the emergency department
and was discharged (Table S5). One participant
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Cumulative Incidence of Hospitalization (%)
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Figure 2. Cumulative Incidence of Coronavirus Disease 2019–Related Hospitalization.
On the left, the results of the unadjusted analysis are shown. Shading indicates the 95% confidence interval. On the right, estimates
according to the adjusted targeted minimum loss–based estimation model are shown. The insets show the same data on an expanded
y axis.

in the control-plasma group had disease progression to acute respiratory distress syndrome that
was adjudicated to be caused by Covid-19 (Table
S6); that participant received mechanical ventilation and died.

Discussion
In this randomized trial involving outpatients with
recent SARS-CoV-2 infection, the administration of
Covid-19 convalescent plasma decreased the incidence of hospitalization. The number needed to
treat to avert one hospitalization was 29.4. Immune serum or plasma has been used safely to
treat infectious diseases for more than 100 years.17
Mixed results with these treatments in previous
outbreaks of infectious diseases may have been
due to a lack of modern study designs, small
sample sizes, a differential viral response to passive antibodies, the inclusion of units with low
antibody titers, or administration too long after
the onset of disease.23 The results of our blinded,
multisite trial are consistent with those of previous trials of antibody-based therapies. These trials have shown that effectiveness is associated
with early administration of sufficient amounts
of pathogen-specific antibodies to mediate an antiviral effect.23 Recent clinical data provide support
n engl j med

for the observation that both polyclonal plasma
and monoclonal antibodies lead to a reduced risk
of disease progression when administered early
(i.e., in the first week or within 5 days after symptom onset) and in high doses in both outpatients
and seronegative inpatients.
Our trial builds on the findings of an Argentinian trial involving 160 older adult outpatients
with Covid-19 who were randomly assigned to
receive convalescent plasma or control plasma
within 72 hours after symptom onset. That study
showed a relative risk reduction of 48% for hypoxemia or tachypnea.18 In contrast, in our trial,
participants who were 18 to 84 years of age received a transfusion within 9 days after the onset of symptoms, and 44% of these participants
received a transfusion within 5 days; because of
potential delays in diagnostic testing, this later
transfusion may be more practical than transfusion within 72 hours. Our trial results contrast
with those of another trial of Covid-19 convalescent plasma.19 In that trial, which was conducted
at 48 emergency departments, the participants
who were enrolled at presentation to the emergency department possibly represented a population at increased risk for hospitalization. A quarter
of the hospitalized participants had a primaryoutcome event during randomization and the
nejm.org

The New England Journal of Medicine
Downloaded from nejm.org on March 30, 2022. For personal use only. No other uses without permission.
Copyright © 2022 Massachusetts Medical Society. All rights reserved.

7

The

n e w e ng l a n d j o u r na l

of

m e dic i n e

Table 2. Covid-19–Related Hospitalization or Death before Day 28 in Participants Who Received Convalescent Plasma or Control Plasma.*
Convalescent
Plasma
(N = 592)

Control
Plasma
(N = 589)

P Value†

17

37

0.005‡

4

3

Death¶

0

3

Mechanical ventilation, ICU hospitalization, or both due to Covid-19

3

4

Non-ICU hospitalization due to Covid-19, with supplemental oxygen

12

26

Non-ICU hospitalization due to Covid-19, without supplemental oxygen

2

4

A stay of >24 hr for observation in an emergency department, field hospital, or other
health care unit or receipt of oxygen for >24 hr outside of hospital

0

0

27.26

26.27

Variable
Primary outcome: participants with Covid-19–related hospitalization (no.)
Participants with hospitalization unrelated to Covid-19 (no.)§
Disease severity in hospitalized participants (no.)

Expected time free of hospitalization (days)‖
Difference (days)

0.99±0.28

Probability of remaining free of hospitalization (%)‖

97

Risk difference (percentage points)

0.004**
93

4±1

0.006††

*	Plus–minus values are means ±SE. A total of 610 participants were randomly assigned to the convalescent-plasma group, and 615 participants were randomly assigned to the control-plasma group. Included here are persons in the modified intention-to-treat population,
which included only participants who received a transfusion. ICU denotes intensive care unit.
†	The P values shown are two-sided.
‡	Fisher’s exact test was used for calculations with the Cochran–Mantel–Haenszel test. The one-sided P value specified in the statistical
analysis plan is 0.004 (unadjusted risk difference, 3.4 percentage points).
§	The numbers of first hospitalizations that were adjudicated to be unrelated to Covid-19 are shown. In the convalescent-plasma group, the
reasons for these hospitalizations were attempted suicide, hallucinations in a participant who had stopped receiving medication, complex
migraines, and constipation. In the control-plasma group, the reasons for these hospitalizations were epigastric pain, complex migraines,
and focal bacterial pneumonia.
¶	Clinical details are described in the Supplementary Appendix.
‖	The restricted mean survival time was adjusted for age; BMI; baseline levels of albumin, bicarbonate, C-reactive protein, glucose, and
potassium; and baseline abnormal findings on physical examination of the head, eyes, ears, nose, and throat, as specified from a random
survival forest analysis of baseline characteristics. The data set for the primary analysis was restricted by principal component analysis,
and the data set was reduced to 990 participants (496 who received convalescent plasma and 494 who received control plasma).
**	The one-sided P value specified as the level of significance in the statistical analysis plan is 0.002.
††	The one-sided P value specified as the level of significance in the statistical analysis plan is 0.003.

initial visit in the emergency department, so there
was limited time for the Covid-19 convalescent
plasma to exert an effect. In addition, in that trial,
patients in the convalescent-plasma group and
those in the control group had an equal number
of return visits to the emergency department or
urgent care clinic.
Our findings are similar to those of a trial
that evaluated the efficacy of monoclonal antibodies against SARS-CoV-2, including the magnitude of effect. In the full analysis set in that
trial, the likelihood of future medically attended
visits was 49% lower in the combined monoclonal-antibody group than in the control group,
and in the SARS-CoV-2 antibody–negative subgroup, the likelihood of future medically attended
visits was 59% lower in the combined monoclonal-antibody group than in the control group.1
8

Our population included participants who had
had symptoms for up to 8 days, whereas a trial
of sotrovimab included participants who had had
symptoms for 5 days or less,2 and a trial of bamlanivimab plus etesevimab was limited to infusion within 3 days after a diagnosis of SARSCoV-2 infection.3 In a subgroup analysis in our
trial, early transfusion (administration ≤5 days
after symptom onset) appeared to be associated
with a greater reduction in the risk of hospitalization.
Although monoclonal antibodies are available
in high-income countries, they are expensive to
produce, require time for new drug approval, and
may not be widely available during Covid-19 surge
conditions. In contrast, Covid-19 convalescent
plasma is available in low-income and middleincome countries, has no patent limitations, and
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Subgroup

No. of
Participants (%)

Convalescent
Plasma

Control
Plasma

Relative Risk (95% CI)

no. of events/total no.
Modified intention-to-treat population 1181 (100)
Sex
Female
675 (57)
Male
506 (43)
BMI ≥30
No
679 (57)
Yes
444 (38)
Age
18–29 yr
218 (18)
30–49 yr
552 (47)
50–64 yr
331 (28)
≥65 yr
80 (7)
Vaccination status
Unvaccinated
965 (82)
Partially vaccinated
58 (5)
Fully vaccinated
158 (13)
Duration of symptoms at time
of transfusion
≤5 days
517 (44)
≥6 days
664 (56)
C-reactive protein level
304 (26)
Abnormal
864 (73)
Normal
Absolute lymphocyte count
306 (26)
Abnormal
842 (71)
Normal
Selected coexisting conditions
276 (23)
Hypertension
99 (8)
Diabetes

17/592

37/589

9/323
8/269

21/352
16/237

5/354
10/210

13/325
20/234

0/120
5/277
7/155
5/40

1/98
12/275
16/176
8/40

17/486
0/27
0/79

36/479
1/31
0/79

5/258
12/334

25/259
12/330

16/152
1/430

23/152
14/434

13/145
3/426

22/161
13/416

7/140
3/49

17/136
10/50
0.0

0.5

Convalescent Plasma
Better

1.0

1.5

2.0

2.5

Control Plasma
Better

Figure 3. Subgroup Analyses.
Subgroup analyses suggested that participants who received a transfusion within 5 days after symptom onset had a greater reduction in
the risk of hospitalization than those who received a transfusion later. These subgroup point estimates are considered to be hypothesis
generating. The statistical analysis plan did not include a provision for correcting for multiplicity when conducting tests for other outcomes, so the results are reported as point estimates for relative risk and corresponding 95% confidence intervals. The widths of the
confidence intervals have not been adjusted for multiplicity, so the intervals should not be used to infer definitive treatment effects for
these outcomes. The body-mass index (BMI) is the weight in kilograms divided by the square of the height in meters.

is relatively inexpensive to produce, since many
single donors can provide multiple units, as was
evident from this trial. Because it provides a diverse mix of antibodies with different specificities and functions, Covid-19 convalescent plasma
should be less vulnerable to the emergence of
antibody resistance. In fact, this plasma has been
used for rescue therapy in immunocompromised
patients who were infected with monoclonal antibody–resistant SARS-CoV-2 variants.5 Any person who recovers from infection with a SARS-

CoV-2 variant has antibodies against that variant,
so Covid-19 convalescent plasma is an antibodybased therapy that in theory should keep up with
locally circulating variants.24 Hence, if a system
is developed to qualify units of convalescent plasma, it may be a potential therapeutic option for
Covid-19.
In our trial, the most common reason for hospitalization was symptomatic hypoxemia that resulted from pulmonary inflammation in response
to SARS-CoV-2 infection. Plasma antibodies me-
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diate several antiviral activities, including direct
virus neutralization, complement activation, viral
particle phagocytosis, and antibody-dependent
cellular cytotoxicity.25 We hypothesize that a normal C-reactive protein level and a normal absolute
lymphocyte count at baseline among hospitalized
persons suggest a role for Covid-19 convalescent
plasma in decreasing subsequent host inflammation.
Our trial faced important challenges. First,
standards of care and available therapies changed
throughout the trial period. Anti–SARS-CoV-2
monoclonal antibodies became available in late
November 2020, so the number of persons who
were eligible to receive Covid-19 convalescent
plasma steadily decreased. Second, as the use of
vaccines increased, the frequency of hospitalizations in our trial decreased. Third, variants of
concern became more prevalent during the trial
period, first with the alpha (B.1.1.7) variant and
then with the delta (B.1.617.2) variant in the
summer of 2021. The trial plasma was largely
obtained in 2020 from donors who had recovered from infection with ancestral forms of
SARS-CoV-2. Fourth, the trial logistics involved
multiple blood banks that could provide plasma
for all blood types at 23 sites during a pandemic
when many health care systems were working at
limited, fluctuating capacity. However, routine
blood-banking standards were able to support
proper supply logistics with remote coordination.
Finally, because of the risk of SARS-CoV-2 infection, appropriate infection-prevention measures
were warranted in the outpatient sites, which were
often specially constructed and separated from
hospital populations.
In addition to challenges, our trial has limitations. First, for practical purposes, the trial outcome was Covid-19–related hospitalization, not
death. The three deaths occurred in the controlplasma group. Second, the incidence of hospitalization in the control-plasma group was 6.3%,
which is lower than the incidence of hospitalization among persons with Covid-19 in the United
States (approximately 8%). Third, only 35% of the
participants who received a transfusion were 50
years of age or older. Fourth, the trial was not
large enough for definitive subgroup analyses
according to medical coexisting conditions or
pregnancy. Finally, measured antibody levels are
only modestly predictive of virus neutralization
activity.
10
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The strengths of this randomized, controlled
trial include a large, diverse trial population of
participants who were enrolled at more than 23
sites throughout the United States. The trial included participants who were 18 to 84 years of
age. In addition, our trial involved a double-blind
intervention with control plasma, and a high percentage of participants received a transfusion and
underwent follow-up. Finally, the decision by the
institutional review board to include pregnant
women in the trial was based on previous studies showing an acceptable safety profile of plasma
when administered to pregnant women with other
conditions, as well as on emerging data on the
safety of convalescent plasma in nonpregnant
hospitalized adults. This population of pregnant
participants who are at high risk for progression
of Covid-19 had been excluded from previous
trials of treatment for Covid-19.
Our trial has important public health implications, especially in resource-constrained areas
with imbalances in vaccine distribution. Covid-19
convalescent plasma can be considered for initial use in patients with Covid-19 and for use in
future pandemics while monoclonal therapies
and vaccines are being developed. The establishment of infusion centers that can rapidly administer Covid-19 convalescent plasma for outpatients
during pandemics may be a consideration for future health care systems. Even in the current pandemic, the continued propagation of SARS-CoV-2
variants with evolving resistance to currently available monoclonal antibodies indicates the potential
usefulness of developing capacity for the availability and distribution of Covid-19 convalescent
plasma, especially because locally sourced, recently obtained plasma should include antibodies to circulating strains.26 Antibody levels are
heterogeneous among donors,20 and in future
pandemics, only the use of therapeutic plasma
with antibody levels in the upper deciles should
be considered.
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