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A BS T R AC T
BACKGROUND

Early administration of convalescent plasma obtained from blood donors who have
recovered from coronavirus disease 2019 (Covid-19) may prevent disease progression in acutely ill, high-risk patients with Covid-19.
METHODS

In this randomized, multicenter, single-blind trial, we assigned patients who were
being treated in an emergency department for Covid-19 symptoms to receive either
one unit of convalescent plasma with a high titer of antibodies against severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) or placebo. All the patients were
either 50 years of age or older or had one or more risk factors for disease progression. In addition, all the patients presented to the emergency department within
7 days after symptom onset and were in stable condition for outpatient management. The primary outcome was disease progression within 15 days after randomization, which was a composite of hospital admission for any reason, seeking
emergency or urgent care, or death without hospitalization. Secondary outcomes
included the worst severity of illness on an 8-category ordinal scale, hospital-free
days within 30 days after randomization, and death from any cause.
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RESULTS

A total of 511 patients were enrolled in the trial (257 in the convalescent-plasma
group and 254 in the placebo group). The median age of the patients was 54 years;
the median symptom duration was 4 days. In the donor plasma samples, the median titer of SARS-CoV-2 neutralizing antibodies was 1:641. Disease progression
occurred in 77 patients (30.0%) in the convalescent-plasma group and in 81 patients (31.9%) in the placebo group (risk difference, 1.9 percentage points; 95%
credible interval, −6.0 to 9.8; posterior probability of superiority of convalescent
plasma, 0.68). Five patients in the plasma group and 1 patient in the placebo group
died. Outcomes regarding worst illness severity and hospital-free days were similar
in the two groups.
CONCLUSIONS

The administration of Covid-19 convalescent plasma to high-risk outpatients
within 1 week after the onset of symptoms of Covid-19 did not prevent disease
progression. (SIREN-C3PO ClinicalTrials.gov number, NCT04355767.)

n engl j med 385;21

nejm.org

November 18, 2021

The New England Journal of Medicine
Downloaded from nejm.org by PIER MARIA FORNASARI on November 18, 2021. For personal use only. No other uses without permission.
Copyright © 2021 Massachusetts Medical Society. All rights reserved.

1951

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

The

I

A Quick Take is
available at
NEJM.org

n elderly patients and in those with
certain coexisting medical conditions, there
is an increased risk that coronavirus disease
2019 (Covid-19) will cause respiratory or systemic illness that becomes very severe or fatal.1
Several vaccines reduce the likelihood of infection with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), but few treatments
have shown efficacy.
Passive immunization by the infusion of convalescent plasma obtained from patients who
have recently recovered from Covid-19 and have
antibodies to SARS-CoV-2 is one potential strategy to reduce the severity of illness.2 Plasma
from recovered patients has also been the most
readily available source of antibodies early in
epidemics or in emerging infections. Although
this strategy has been used for more than a century, few randomized, controlled trials have
evaluated whether Covid-19 convalescent plasma
improves clinical outcomes.
Administration of convalescent plasma to hospitalized patients with Covid-19 late in the course
of illness has not increased clinical recovery,3,4
but such use in older adults in outpatient settings within 72 hours after symptom onset has
been shown to reduce disease progression.5 Thus,
members of the Strategies to Innovate Emergency Care Clinical Trials Network (SIREN) performed the Covid-19 Convalescent Plasma in Outpatients (C3PO) trial involving patients at high
risk for severe Covid-19 who presented to the
emergency department within 7 days after symptom onset to determine whether the infusion
of convalescent plasma containing high titers of
neutralizing antibodies would prevent progression to severe Covid-19.

Me thods
Trial Design and Oversight

The C3PO clinical trial was a phase 3, multicenter, randomized, placebo-controlled trial that
was designed and performed by the SIREN members. The trial was supported (including funding and material support in the form of plasma
and testing supplies) by the National Heart, Lung,
and Blood Institute and the National Institute of
Neurological Disorders and Stroke of the National
Institutes of Health and by the Biomedical Advanced Research and Development Authority and
the Operation Warp Speed interagency program.
A complete list of enrolling sites and investigators
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is provided in the Supplementary Appendix, available with the full text of this article at NEJM.org.
The trial protocol containing the statistical analysis plan is also available at NEJM.org.
The Food and Drug Administration (FDA) approved an Investigational New Drug application
for the trial. A central institutional review board
(Advarra) reviewed and approved the trial protocol for all participating sites. An independent
medical safety monitor reviewed and adjudicated
all serious adverse events, and the National Heart,
Lung, and Blood Institute appointed the independent data and safety monitoring board.
The authors were responsible for the trial design, data collection, analysis, and writing of the
manuscript. All the authors vouch for the completeness and accuracy of the data and the analyses
and for the fidelity of the trial to the protocol.
Patients

At 48 hospital emergency departments in 21
states, we enrolled patients with SARS-CoV-2
infection as confirmed by nucleic acid assay,
with an onset of symptoms within 7 days before
enrollment. All the trial patients were either 50
years of age or older or had one or more risk
factors for disease progression, as detailed in
the Supplementary Appendix. Before enrolling a
patient, the clinical team determined that the
patient’s condition was stable for outpatient treatment without new supplemental oxygen; the trial
team confirmed that ABO-compatible Covid-19
convalescent plasma was available. We excluded
patients who were younger than 18 years of age,
prisoners or wards of the state, patients who were
deemed to have an inability to complete followup assessments, those who had a history of adverse reactions from blood-product transfusion,
those who had received any blood product within
the past 120 days, those who were not eligible to
receive up to 250 ml of fluid, and those who had
received another investigational treatment for
Covid-19, including anti–SARS-CoV-2 monoclonal
antibodies or vaccination. All the trial patients
provided written informed consent.
Trial Randomization and Intervention

Patients were randomized in a 1:1 ratio to receive
an infusion of either one unit of ABO-compatible
Covid-19 convalescent plasma or 250 ml of normal
saline (placebo) that was colored with a parenteral
multivitamin concentrate to resemble plasma.
Both convalescent plasma and placebo were
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covered with light-resistant bags to preserve the
blinded group assignment. Intravenous infusions
were given over a period of at least 30 minutes,
and patients were observed for at least 60 minutes to monitor for adverse reactions.
Convalescent plasma was collected from donors at least 14 days after clinical recovery from
Covid-19, according to FDA guidance for donor
eligibility.6 Convalescent plasma units were qualified for use on the basis of SARS-CoV-2 neutralizing antibody titers. Initially, we used the
SARS-CoV-2 pseudovirus reporter viral particle
neutralization (RVPN) assay of the Vitalant Research Institute to assess antibody titers, with the
threshold for use being a 50% neutralization titer
(NT50) of 1:160 or more. In August 2020, the
FDA Emergency Use Authorization 26382 defined high-titer convalescent plasma on the basis
of the live-virus, five-dilution plaque reduction
neutralization test (PRNT) as a 50% inhibitory
dilution (ID50) of 1:250 or more, as described by
the Broad Institute. Thus, convalescent plasma
samples that had previously been issued on the
basis of the RVPN titer were reassayed with the
Broad PRNT; we subsequently issued qualifying
convalescent plasma that also had an ID50 of
1:250 or more. Both neutralization assays have
been described previously.6
Outcomes

The primary outcome was disease progression
within 15 days after randomization, which was
a composite of hospital admission for any reason, seeking emergency or urgent care, or death
without hospitalization. Prespecified secondary
outcomes were the worst rating on an 8-category
ordinal scale of illness severity within 30 days
after randomization, the time until a worsening
of symptoms on the 5-category Covid-19 Outpatient Ordinal Outcome Scale within 15 days after
randomization, the number of hospital-free days
within 30 days after randomization, and death
from any cause within 30 days. Adverse events
were evaluated throughout the follow-up period.
In order to reduce variability in reporting of respiratory adverse events, specific definitions were
adopted early in the trial, as described in the
Supplementary Appendix.
Procedures

Patients were asked to complete a symptom inventory every other day for 14 days after randomization by means of either email or telephone.
n engl j med 385;21

Patients were also evaluated in person or by
telephone and by chart review on days 15 and 30
to identify subsequent medical care and adverse
events and to repeat a symptom inventory. The
8-category ordinal scale of illness severity, which
was modified from the Covid-19 Ordinal Scale
for Clinical Improvement of the World Health
Organization,7 and the 5-category Covid-19 Outpatient Ordinal Outcome Scale were derived from
symptom inventories and subsequent medical
care. The 8-category illness severity scale ranges
from 1 (indicating that the patient is not hospitalized and has no limitation in activity) to 8 (in
dicating death). The 5-category outpatient scale
ranges from 1 (indicating hospital admission) to
5 (indicating usual state of health). (Details regarding these instruments are provided in the
Supplementary Appendix.) To assess the adequacy
of blinding of trial-group assignments, patients
reported their best guess of treatment assignment on day 15, along with a confidence level
for their guess from 1 (not at all confident) to 5
(extremely confident).
Statistical Analysis

At the time the trial was initiated, we estimated
that the primary outcome would occur in 20% of
the patients in the placebo group. The trial required a sample size of 600 patients to detect an
absolute between-group difference of 10 percentage points (the minimum difference that we considered to be clinically important) with a power
of 85%. The trial plan included a prespecified
blinded review of the sample size that was based
on the observed percentage of patients who had
disease progression before the first interim
analysis. The reestimated maximum sample size
was 900 patients.
The primary analysis was performed in the
intention-to-treat population, which included all
the patients who had undergone randomization,
and was specified in a Bayesian framework. The
prior probability of outcome for each treatment
group was assumed to follow a noninformative
beta distribution, which yielded a beta distribution for the posterior probability when a binomial likelihood was assumed for the outcome.
After drawing 10,000 samples from each posterior
distribution, we calculated the posterior probability of the superiority of convalescent plasma as
the percentage of the 10,000 samples for which
the value for the placebo group exceeded the
value for the convalescent-plasma group. Efficacy
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was defined as a posterior probability of 0.975 or
more that the proportion of patients with outcome events was higher in the placebo group.
Three interim analyses were planned for a
determination of overwhelming efficacy or futility after 33%, 50%, and 75% of the patients had
completed the primary follow-up. A posterior probability of more than 0.999 was considered to be
evidence of the superiority of convalescent plasma;
a value of less than 0.2 for the predictive probability of success (i.e., declaring the superiority of
convalescent plasma with the maximum sample
size) was considered to be evidence of futility.
We performed a sensitivity analysis of data
obtained in the per-protocol population, which
excluded patients who had not received the assigned trial product, had an identified eligibility
violation, or met the primary outcome event
before infusion initiation. Summary measures
with 95% confidence intervals for the secondary
efficacy outcomes included the Hodges–Lehmann
estimate of the difference between the medians
of the two distributions from the rank-sum test
for the 8-category ordinal scale, the difference in
means for hospital-free days, and a hazard ratio
for the time until symptom worsening. Because
of the small number of deaths, the risk difference with a 95% exact confidence interval is reported for death from any cause.
A secondary analysis examined the association of the primary outcome with trial-group
assignment, after adjustment for age, sex, symptom duration, and trial site. A separate analysis
examined the relationship between the neutralizing antibody titer of the donor convalescent
plasma and the primary outcome in the group
that received convalescent plasma.
Statistical analyses were performed with the
use of R software, version 4.0.4, and SAS software, version 9.4 or higher (SAS Institute).

R e sult s
Patients

of
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On February 25, 2021, trial enrollment was
halted after the second planned interim analysis
of the primary outcome indicated that the a
priori stopping threshold for futility had been
reached on the basis of a posterior predictive
probability of success of 0.042. The mean (±SD)
time from symptom onset until enrollment was
3.7±2.1 days (median, 4 days). The dates and
geographic sources of donation of convalescent
plasma are provided in Table S1 in the Supplementary Appendix.
Primary Outcome

The composite outcome of disease progression
occurred in 77 of 257 patients (30.0%) in the
convalescent-plasma group and in 81 of 254
(31.9%) in the placebo group within 15 days after
randomization (risk difference, 1.9 percentage
points; 95% credible interval, −6.0 to 9.8; posterior probability of superiority, 0.68). Results
were similar for individual components of the
outcome, in the per-protocol analysis, and after
adjustment for age, sex, symptom duration, and
enrollment site (Table 2).
Although eligibility to participate in the trial
required an intent to discharge patients home
from the emergency department, 25 patients
(19 in the convalescent-plasma group and 6 in
the placebo group) were ultimately admitted to
the hospital during the index visit. In a post hoc
sensitivity analysis that excluded these patients,
the posterior probability of superiority of convalescent plasma was 0.93 in the intention-to-treat
population and 0.94 in the per-protocol population, with credible intervals for both the risk
differences that included zero (indicating uncertainty about any between-group difference) (Table
S2). In a post hoc analysis of subgroups according to demographic characteristics, the duration
of symptoms before randomization, and eligibility risk factors, the incidence of the primary
outcome within 15 days after randomization
was also similar in the two groups (Fig. 2).
Of the units of convalescent plasma that were
transfused, 96.4% had a SARS-CoV-2 neutralizing ID50 of 1:250 or more. The median ID50 was
641 (interquartile range, 468 to 1702). There was
no association between the antibody titer and
disease progression (Fig. S1).

From August 2020 through February 2021, a
total of 511 patients underwent randomization
(257 to the convalescent-plasma group and 254
to the placebo group) (Fig. 1). The baseline features of the patients and their coexisting illnesses were similar in the two groups (Table 1).
The median age of the patients was 54 (inter- Additional Analyses
quartile range, 41 to 62; simple range, 18 to 93); Within 30 days after randomization, death was
54% of the patients were women.
reported in 5 patients (1.9%) in the convalescent1954
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3990 Patients were assessed for eligibility

3479 Were excluded
955 Had duration of symptoms >7 days
682 Had no trial-defined Covid-19 risk factor
271 Were no longer intended for discharge
153 Had no Covid-19 symptoms
151 Had no qualifying positive Covid-19 test
182 Had no ABO-compatible convalescent plasma at hospital site
36 Were less than 18 years of age
109 Had inability to complete follow-up assessments
90 Underwent investigational therapy or immunotherapy
30 Had previous transfusion reaction or recent transfusion
5 Had contraindication to administration of 250 ml of fluid
28 Were prisoners or wards of the state
435 Had other unspecified reason
508 Declined consent
39 Lacked language proficiency to provide consent
12 Lacked capacity for consent
561 Had ED visit outside of screening hours
39 Were missed during screening hours
110 Had site operational issue
54 Had unknown reason

511 Underwent randomization

257 Were assigned to receive
convalescent plasma

257 Had data for 15-day outcome
7 Had unavailable data before day 30
2 Withdrew consent
5 Died

257 Were included in intention-to-treat analysis
246 Were included in per-protocol analysis
2 Did not meet eligibility criteria
8 Did not receive trial infusion
1 Had primary-outcome event before
initiation of trial infusion

254 Were assigned to receive placebo

254 Had data for 15-day outcome
3 Had unavailable data before day 30
2 Withdrew consent
1 Died

254 Were included in intention-to-treat analysis
251 Were included in per-protocol analysis
3 Did not meet eligibility criteria, did not
receive trial infusion, or both

Figure 1. Enrollment, Randomization, and Analysis Populations.
Patients who presented to the emergency department (ED) because they had symptoms of coronavirus disease 2019
(Covid-19) were assessed for eligibility. After evaluating the patients, ED personnel determined whether they were
good candidates for outpatient management. Patients may have had more than one reason for exclusion from the
trial. The intention-to-treat population included all the patients who had undergone randomization. The per-protocol
population excluded patients who had undergone randomization but had not received the assigned trial product,
had an identified eligibility violation, or had a disease-progression event before the initiation of treatment. In the
placebo group, one of the patients who was excluded from the per-protocol analysis did not receive placebo and
was later found not to have met the trial eligibility criteria.

plasma group and in 1 (0.4%) in the placebo
group (risk difference, −1.6 percentage point;
exact 95% confidence interval [CI], −4.2 to 0.50);
causes of death were pneumonia (in 2 patients)
and hypoxia, respiratory failure, and pulmonary
n engl j med 385;21

embolism in 1 patient each in the convalescentplasma group and pneumonia in the placebo
group; none of the deaths were considered to be
related to a trial product (Table S3). The worst
score on the 8-category illness severity scale
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Table 1. Characteristics of the Patients at Baseline.*
Convalescent Plasma
(N = 257)

Placebo
(N = 254)

Median age (IQR) — yr

54 (42–62)

54 (40–62)

Female sex — no. (%)

135 (52.5)

139 (54.7)

8 (3.1)

10 (3.9)

Characteristic

Race — no. (%)†
Asian
Black

49 (19.1)

54 (21.3)

Other

28 (10.9)

25 (9.8)

White

172 (66.9)

165 (65.0)

Ethnic group — no. (%)†
Hispanic or Latino

83 (32.3)

73 (28.7)

170 (66.1)

179 (70.5)

4 (1.6)

2 (0.8)

155 (60.3)

155 (61.0)

Body-mass index ≥30‡

152 (59.1)

150 (59.1)

Hypertension

105 (40.9)

111 (43.7)

Not Hispanic or Latino
Unknown
Eligibility risk factor — no. (%)
Age ≥50 yr

Current or former tobacco use

81 (31.5)

71 (28.0)

Diabetes mellitus

76 (29.6)

66 (26.0)

COPD or asthma

56 (21.8)

68 (26.8)

Coronary artery disease

28 (10.9)

23 (9.1)

Immunosuppression

33 (12.8)

17 (6.7)

Chronic lung disease

16 (6.2)

15 (5.9)

Chronic kidney disease

16 (6.2)

12 (4.7)

Congestive heart disease

9 (3.5)

11 (4.3)

Currently pregnant

3 (1.2)

3 (1.2)

Organ transplant recipient

5 (1.9)

0

Active cancer

2 (0.8)

2 (0.8)

Sickle-cell disease

1 (0.4)

0

Number of eligibility risk factors — no. (%)
1

51 (19.8)

66 (26.0)

2

65 (25.3)

65 (25.6)

≥3

141 (54.9)

123 (48.4)

Other coexisting illness — no. (%)
Current or former alcohol abuse

20 (7.8)

16 (6.3)

Current or former drug abuse

18 (7.0)

17 (6.7)

Thromboembolic disorder

15 (5.8)

10 (3.9)

Liver disease

12 (4.7)

6 (2.4)

9 (3.5)

8 (3.1)

Other hematologic disorder
Median symptom duration before randomization (IQR) — days
Median interval between randomization and infusion (IQR) — min

4 (2–5)

3 (2–5)

92 (76–128)

69 (48–96)

*	COPD denotes chronic obstructive pulmonary disease, and IQR interquartile range.
†	Race or ethnic group was reported by the patients or obtained from the medical record.
‡	The body-mass index is the weight in kilograms divided by the square of the height in meters.
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0
0
0

25 (10.0)
24 (9.8)
25 (9.8)

55 (21.9)
47 (19.1)
56 (22.0)

1 (0.4)

Seeking emergency or urgent care

Death without hospitalization

51 (19.8)

25 (9.7)

Hospital admission for any reason

n engl j med 385;21

*	The primary outcome was disease progression within 15 days, which was a composite of hospital admission for any reason, seeking emergency or urgent care, or death without hospitalization.
†	The per-protocol population included all the patients who had undergone randomization after the exclusion of those who did not receive the assigned trial product, had an identified
eligibility violation, or had a disease-progression event before the initiation of treatment.
‡	The risk difference is for the placebo group minus the convalescent-plasma group. In the intention-to-treat population, the risk difference after adjustment for age, sex, symptom duration, and enrollment site was 2.2 percentage points (95% confidence interval, −5.9 to 10.4).

0.76
80 (31.9)
1.9
(−6.0 to 9.8)
77 (30.0)
Patients with a disease-progression event
— no. (%)

81 (31.9)

percentage
points

0.68

71 (28.9)

Convalescent
Plasma
(N = 246)
Convalescent
Plasma
(N = 257)

Placebo
(N = 254)

Posterior
Probability of
Risk Difference Superiority of
(95% Credible Convalescent
Interval)‡
Plasma

Intention-to-Treat Population
(N = 511)
Outcome

Table 2. Primary Composite Outcome of Disease Progression within 15 Days after Randomization.*

3.0
(−4.9 to 10.8)

percentage
points

Placebo
(N = 251)

Posterior
Probability of
Risk Difference Superiority of
(95% Credible Convalescent
Interval)‡
Plasma

Per-Protocol Population
(N = 497)†
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within 30 days after randomization was similar
in the two groups (Fig. 3). The mean number of
hospital-free days during the trial period was
28.3 in the convalescent-plasma group and 28.6
in the placebo group (mean difference, 0.3; 95%
CI, −0.4 to 1.1) (Fig. S2). Within the 15 days after randomization, 107 of 257 patients (41.6%)
in the convalescent-plasma group and 116 of 254
patients (45.7%) in the placebo group had worsening of symptoms based on the 5-category
outpatient scale. The time until worsening of
symptoms was similar in the two groups (hazard
ratio, 0.90; 95% CI, 0.69 to 1.17).
Adverse events occurred with similar frequency in the two groups except for dyspnea, which
occurred more often in the placebo group, and
infusion-related reactions, which occurred more
often in the convalescent-plasma group (Fig. S4
and Table S4). Three patients in the convalescentplasma group had serious infusion reactions resulting in the administration of glucocorticoids
or epinephrine or admission to the hospital.
Patients’ best guesses of which treatment they
received were collected on day 15 from 87.5% of
the patients, who more often concluded that
they had been assigned to receive convalescent
plasma (73% in the convalescent-plasma group
and 60% in the placebo group). Of these patients, 180 of 447 patients (40.3%) reported being extremely or considerably confident in their
guess; of these patients, 62.2% were accurate.

Discussion
In our trial, high-risk patients who presented to
the emergency department within 7 days after
the onset of Covid-19 symptoms and were treated with convalescent plasma containing high titers
of neutralizing antibodies against SARS-CoV-2
did not have a lower incidence of disease progression than those who received placebo. The
receipt of convalescent plasma also did not influence clinically important secondary outcomes.
The rationale for administering convalescent
plasma is to increase levels of neutralizing antibodies in the recipient, and this is most likely to
be effective before the development of the patient’s own antibody response. Since we tested
the administration of convalescent plasma during the first 7 days after symptom onset, antibody levels were still increasing in most patients
infected with SARS-CoV-2.8
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No. of Patients

Sex
Male
Female
Race
Black
White
Other
Ethnic group
Hispanic or Latino
Not Hispanic or Latino
Enrolled ≤3 days after symptom onset
Yes
No
Age ≥50 yr
Yes
No
Hypertension
Yes
No
Type 2 diabetes
Yes
No
COPD or asthma
Yes
No
Immunosuppression
Yes
No
BMI ≥30
Yes
No
Current or past smoker
Yes
No
Eligibility risk factors
1
2
≥3

of

m e dic i n e

Risk Difference (95% Credible Interval)

237
274

0 (–0.12 to 0.12)
0.04 (–0.06 to 0.15)

103
337
71

–0.03 (–0.21 to 0.15)
0.01 (–0.09 to 0.10)
0.14 (–0.07 to 0.35)

156
349

0.04 (–0.10 to 0.18)
0.01 (–0.09 to 0.10)

246
265

–0.01 (–0.12 to 0.10)
0.05 (–0.06 to 0.16)

310
201

0.04 (–0.06 to 0.14)
–0.01 (–0.14 to 0.11)

216
295

–0.02 (–0.15 to 0.11)
0.04 (–0.06 to 0.14)

136
375

0.10 (–0.06 to 0.26)
–0.01 (–0.10 to 0.09)

124
387

0.05 (–0.11 to 0.21)
0.01 (–0.08 to 0.10)

50
461

–0.06 (–0.32 to 0.21)
0.03 (–0.05 to 0.12)

302
209

0.02 (–0.08 to 0.13)
0.01 (–0.11 to 0.14)

152
359

0.06 (–0.10 to 0.21)
0.01 (–0.08 to 0.10)

117
130
264

0 (–0.15 to 0.14)
0.01 (–0.14 to 0.17)
0.05 (–0.07 to 0.16)
–0.3

–0.2

–0.1

Placebo Better

0.0

0.1

0.2

0.3

Convalescent Plasma Better

Figure 2. Primary Outcome, According to Subgroup.
Shown are data from the post hoc subgroup analysis comparing the primary outcome of disease-progression events
at 15 days in the intention-to-treat population between the patients in the convalescent-plasma group and those in
the placebo group. Data are shown as the absolute risk difference and 95% credible interval, as calculated by Bayesian
analysis; these data have been carried to 2 decimal places to clarify small differences between groups. The body-mass
index (BMI) is the weight in kilograms divided by the square of the height in meters. COPD denotes chronic obstructive pulmonary disease.

Most data on convalescent plasma for Covid-19
come from case series or uncontrolled cohort
studies.9 In a large observational study involving
hospitalized patients with Covid-19, in a subgroup of patients who were not undergoing
mechanical ventilation, the absolute risk of death
was 7 percentage points lower among those who
received a high-titer infusion of convalescent
1958
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plasma than among those who received a lowtiter infusion.10 This finding led the FDA to authorize the use of high-titer Covid-19 convalescent plasma for the treatment of hospitalized
patients.
Our results are similar to those from three
randomized, controlled trials involving hospitalized patients that showed no improvement in
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Not hospitalized
without limitation
in activity

Not hospitalized
with limitation
in activity
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and receiving
supplemental
oxygen by mask
or nasal prongs
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receiving
supplemental
oxygen

Hospitalized
and receiving
noninvasive
ventilation or
high-flow nasal
cannula

Hospitalized
and intubated
with mechanical
ventilation

4.8%
(N=12)

Convalescent
Plasma
(N=250)

22.0%
(N=55)

Placebo
(N=248)

22.2%
(N=55)

56.4%
(N=141)

53.6%
(N=133)

Hospitalized
and intubated
with mechanical
ventilation and
receiving additional organ
support

0.4%
(N=1) 0.8%
(N=2)
2.4%
(N=6)
2.0%
(N=5)

11.2%
(N=28)

6.9%
(N=17)
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0.4%
(N=1)

14.1%
(N=35)
2.0%
(N=5)

0.8%
(N=2)
0.0%
(N=0)

Figure 3. Worst Scores for Covid-19 Severity at 30 Days.
Shown is the distribution of scores for worst-illness severity within 30 days after randomization (a secondary efficacy outcome), according to the 8-category ordinal scale used by the World Health Organization. Moving from lighter to darker shading represents increasing
scores on the severity scale. Data for this outcome were missing for seven patients in the convalescent-plasma group and for six in the
placebo group.

clinical outcome in those who received convalescent plasma.3,4,11 A recent systematic review of
published and preprint trials involving patients
with Covid-19 did not identify any benefit from
convalescent plasma on clinical outcomes.12 Our
results differ from the findings of a randomized, controlled trial involving 160 older outpatients with mild symptoms in Argentina, in
which patients received high-titer convalescent
plasma or placebo within 72 hours after the onset
of symptoms. Among these patients, the risk of
severe respiratory disease was 15 percentage
points lower in the convalescent-plasma group
than in the placebo group.5 Patients in that trial
were older than those in our trial (mean age,
77.2 years vs. 51.6 years), convalescent plasma
was administered earlier (median time from
symptom onset, 39.6 hours vs. 4 days), and different titers and assays were used in the screening of donor convalescent plasma.
The lack of efficacy of convalescent plasma in
our trial could have resulted from insufficient
doses of plasma or titers of neutralizing antibodies, the timing of administration, the selection of patients, or the presence of potentially
harmful components in the convalescent plasma
n engl j med 385;21

that was administered. To avoid subjectivity and
given the uncertainty about the possible manifestations of disease progression at the time the
trial was designed, the primary outcome included
all emergency or urgent care visits, hospitalizations, or deaths without hospitalization. Because
the primary outcome was not adjudicated, some
treatment failures may have resulted from conditions other than the progression of Covid-19.
However, we did not observe differences between
groups in the progression of respiratory symptoms or respiratory failure on the 8-category
Covid-19 ordinal outcome scale. Our data do not
directly address whether passive immunization
with monoclonal antibodies would have had different effects on clinically important outcomes.
Convalescent plasma may still play a role if it
is administered before the development of native
antibodies. The treatment may also be efficacious in preventing symptomatic Covid-19 after
exposure. This trial was designed to detect an
absolute risk difference of 10 percentage points
in disease progression. However, we cannot exclude smaller effect sizes with less clinical importance. Data regarding viral genotypes were
not collected during this trial, and new variants
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emerged during the period of enrollment. Future
studies may also consider whether convalescent
plasma that is collected during different epochs
and from different geographic locations during
a pandemic will have different therapeutic potentials. Donations that are temporally and geographically proximate to their point of use may
be more effective. Since convalescent plasma may
be the only available therapeutic agent during
the early phases of a pandemic, understanding
how and when it is useful is important for public health. It is also important to consider that
host factors and other aspects of the host response to the infection may be more important
than humoral immunity for determining the
natural history of the illness.
In this randomized, controlled trial, infusion
of high-titer Covid-19 convalescent plasma within 7 days after symptom onset did not prevent
the progression of Covid-19 in patients at high
risk for severe disease.
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