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ABSTRACT

BACKGROUND
Passive immunization with plasma collected from convalescent patients has been
regularly used to treat coronavirus disease 2019 (Covid-19). Minimal data are avail-
able regarding the use of convalescent plasma in patients with Covid-19-induced
acute respiratory distress syndrome (ARDS).

METHODS

In this open-label trial, we randomly assigned adult patients with Covid-19-induced
ARDS who had been receiving invasive mechanical ventilation for less than 5 days
in a 1:1 ratio to receive either convalescent plasma with a neutralizing antibody titer
of at least 1:320 or standard care alone. Randomization was stratified according to
the time from tracheal intubation to inclusion. The primary outcome was death by
day 28.

RESULTS

A total of 475 patients underwent randomization from September 2020 through
March 2022. Overall, 237 patients were assigned to receive convalescent plasma
and 238 to receive standard care. Owing to a shortage of convalescent plasma, a
neutralizing antibody titer of 1:160 was administered to 17.7% of the patients in
the convalescent-plasma group. Glucocorticoids were administered to 466 patients
(98.1%). At day 28, mortality was 35.4% in the convalescent-plasma group and
45.0% in the standard-care group (P=0.03). In a prespecified analysis, this effect
was observed mainly in patients who underwent randomization 48 hours or less
after the initiation of invasive mechanical ventilation. Serious adverse events did
not differ substantially between the two groups.

CONCLUSIONS

The administration of plasma collected from convalescent donors with a neutralizing
antibody titer of at least 1:160 to patients with Covid-19—induced ARDS within 5 days
after the initiation of invasive mechanical ventilation significantly reduced mortality
at day 28. This effect was mainly observed in patients who underwent randomization
48 hours or less after ventilation initiation. (Funded by the Belgian Health Care Knowl-
edge Center; ClinicalTrials.gov number, NCT04558476.)
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HE CORONAVIRUS DISEASE 2019

(Covid-19) pandemic spread from Asia to

Europe in 2020. As of March 2023, more
than 670 million cases, including more than 6.8
million deaths, had been confirmed around the
world.! Patients admitted to intensive care units
(ICUs) have represented 20 to 25% of hospital-
izations, and 70% have received invasive me-
chanical ventilation for acute respiratory distress
syndrome (ARDS).? Older age and direct injury
to the lung are associated with higher mortality
among patients with ARDS.? Mortality in the
ICU among patients with Covid-19 receiving in-
vasive mechanical ventilation was more than 45%
in 20202021 in the U.K. Intensive Care National
Audit and Research Centre register* and 45%
(95% confidence interval [CI], 39 to 52) in a
meta-analysis®; these values correlate with the
delayed kinetics of neutralizing antibody pro-
duction.® Patients with ARDS can shed live virus
for more than 20 days.”® In plasma obtained from
donors who have recovered from Covid-19, neu-
tralizing antibodies can be detected up to 10
months after infection.” Convalescent plasma
has been proposed to provide passive immuniza-
tion to patients presenting with Covid-19.° Trans-
fusion of convalescent plasma in this context has
been given without obvious safety concerns.
Multiple trials have tested convalescent plasma
since the onset of the pandemic,*? but there are
few data on the use on convalescent plasma in
patients with Covid-19—induced ARDS receiving
invasive mechanical ventilation.

The effect of convalescent plasma is attribut-
ed to its content of neutralizing antibodies, but
in most trials, neutralizing antibodies have been
estimated indirectly, through total antibody as-
sessment.’” Early in the pandemic, the Red
Cross, as the main provider of blood in Belgium,
initiated a campaign for donations by persons
who had recovered from Covid-19 and made an
agreement with two university laboratories to have
them measure neutralizing antibodies against se-
vere acute respiratory syndrome coronavirus 2
(SARS-CoV-2) in convalescent plasma. We con-
ducted a trial (CONFIDENT) to test the hypoth-
esis that passive immunization with convalescent
plasma with a neutralizing antibody titer of at
least 1:320 would reduce mortality when admin-
istered early after the initiation of invasive
mechanical ventilation among patients with
Covid-19—-induced ARDS.

METHODS

TRIAL DESIGN

This randomized, two-group, open-label trial was
conducted at 17 sites in Belgium and coordinated
by the University Hospital of Liege. We encouraged
inclusion soon after the initiation of invasive me-
chanical ventilation and stratified the random-
ization according to the delay between invasive
mechanical ventilation and inclusion (<48 hours
vs. >48 to 120 hours). We assigned patients in a 1:1
ratio to receive either convalescent plasma with a
neutralizing antibody titer against SARS-CoV-2
of at least 1:320 or standard care. The protocol,
which was approved by the institutional review
board at each center, was published previously*?
and is available with the full text of this article
at NEJM.org.

TRIAL PATIENTS

Adult patients who had a score on the Clinical
Frailty Scale of less than 6 (range, 1 to 9, with
higher scores indicating greater frailty)," who
had been admitted to a participating ICU with a
diagnosis of Covid-19-induced ARDS (correspond-
ing to a score of 7, 8, or 9 on the World Health
Organization [WHO] Clinical Progression Scale,
with scores ranging from 0 to 10 and higher scores
indicating more severe disease’), and who had
received invasive mechanical ventilation for a
maximum of 5 days were assessed for eligibility.
ARDS was classified according to the Berlin
definition.’® Covid-19-induced ARDS was de-
fined as extended interstitial pneumonia on a
computed tomographic scan or a chest radio-
graph within 10 days before inclusion and a
positive result of a clinical SARS-CoV-2 naso-
pharyngeal polymerase-chain-reaction (PCR) test
within 15 days before inclusion. Exclusion cri-
teria were pregnancy, a previous episode of
transfusion-related side effects, a medical deci-
sion to limit therapy, and participation in another
Covid-19 trial.

Before requesting consent, the local investi-
gator contacted a physician at the coordinating
center, who checked the inclusion criteria. At the
same time, the availability of convalescent plasma
with an ABO group identical to the eligible pa-
tient’s group was checked on the Web site of the
Belgian Red Cross. The capability of the patient to
give consent was then assessed. If consent could
not be obtained from the patient, it was asked of
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a relative. When patients became able to give con-
sent, they were asked to do so.

CONVALESCENT DONORS AND NEUTRALIZING
ANTIBODY ASSESSMENT

Donors were recruited by the Belgian Red Cross
among adults who had been infected with SARS-
CoV-2 and who had fully recovered between 28
days and 10 months earlier.”®* Neutralizing anti-
body titers were determined with SARS-CoV-2
Nextstrain clade 20B (Wuhan-like, B.1.1), isolated
from a Belgian patient, in 96-well plates contain-
ing confluent Vero E6 cells (ATCC CRL-1586)"
and were reported as 50% virus neutralization
titer (NT50). The NT50 was the highest dilution
of serum that neutralized the cytopathic effect
in 50% of the cells (see the protocol).>*® A neu-
tralizing antibody titer of at least 1:320 was re-
quested for the trial, and a titer of 1:160 was
accepted in case of a shortage of plasma.

TRIAL GROUPS

Randomization was stratified according to the
delay from the initiation of invasive mechanical
ventilation and performed with the use of a Web-
based program. Patients in the convalescent-
plasma group were assigned to receive an infu-
sion of 2 units (400 to 500 ml in total) of
convalescent plasma of the identical ABO group
within 24 hours after inclusion. No crossover was
allowed between the convalescent-plasma group
and the standard-care group. Investigators were
aware of the trial-group assignments.

OUTCOMES
The primary outcome was death by day 28 after
randomization. Secondary outcomes included ad-
verse events, inflammatory and anti—-SARS-CoV-2
antibody responses, the Sequential Organ Failure
Assessment (SOFA) score, the use of organ sup-
port, the length of hospital stay, and death by day
90 and 365.

STATISTICAL ANALYSIS

We anticipated a day 28 mortality of 40% in the
standard-care group. We estimated that a relative
difference of one third in day 28 mortality was
realistic and relevant. With a two-sided alpha
level of 0.05 and a beta level of 0.20, the number
of patients to include for an absolute difference
of —13.5 percentage points (convalescent plasma
minus standard care) in day 28 mortality was

250 for each group. Because our estimate of the
between-group difference was empirical, we per-
formed sequential blinded interim analyses. For
these analyses, two Lan-Demets spending func-
tions were used to adjust the type I error. The
analysis was performed on an intention-to-treat
basis. For the primary analysis, there were no
missing values. No imputation was made for sec-
ondary outcomes because the pattern of missing
data was completely at random, and missing
data were either very infrequent or not used for
statistical analyses. The results are expressed as
median (interquartile range) and as number (per-
cent). The primary outcome was compared with
the chi-square test and adjusted for the stratifi-
cation factor with a binary logistic regression.
The two-sided level of significance was 5%. We
summarized secondary analyses with point esti-
mates for differences between the two groups
and 95% confidence intervals using the Hodges—
Lehmann estimation of location shift and a Wald
asymptotic confidence interval for quantitative
and binary variables, respectively. The confidence
intervals were not adjusted for multiplicity and
should not be used to infer definitive treatment
effects. The Fine—Gray model was used to analyze
competing risks data. The secondary analyses
should be considered exploratory. Statistical anal-
yses were performed with the use of SAS soft-
ware for Windows, version 9.4, and R software
for Windows, version 4.0.2.

The statistical analysis plan®® included pre-
specified analyses of subgroups defined accord-
ing to the median of C-reactive protein level, SOFA
score, and time from admission to inclusion.
Exploratory post hoc analyses addressed sub-
groups based on the periods determined by the
predominant variant in Belgium during the trial
and subgroups defined according to the median
total antibody IgG and neutralizing antibody titers
against SARS-CoV-2 at the time of inclusion.

RESULTS

PATIENTS

Between September 10, 2020, and March 9, 2022,
a total of 1034 patients with Covid-19—induced
ARDS were screened and 475 (45.9%) were in-
cluded (Fig. S6 in the Supplementary Appendix,
available at NEJM.org). We decided to end re-
cruitment prematurely, on April 9, 2022, because
no new case had been screened in 1 month,
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presumably owing to reduced virulence of the
omicron BA.2 variant.”® At inclusion, 47 patients
(9.9%) had mild ARDS, 274 (57.7%) had moder-
ate ARDS, and 154 (32.4%) had severe ARDS®;
342 (72.0%) underwent randomization 48 hours
or less after the initiation of invasive mechanical
ventilation, and 133 (28.0%) underwent random-
ization more than 48 hours after the initiation
of invasive mechanical ventilation. A total of 237
patients were assigned to receive convalescent
plasma, and 238 patients were assigned to receive
standard care. These numbers were 171 and 171,
respectively, among patients who underwent ran-
domization 48 hours or less after ventilation ini-
tiation and 66 and 67, respectively, among those
who underwent randomization more than 48
hours after ventilation initiation. Relatives pro-
vided consent for all the patients. Four patients
declined to continue participation after recovery;
with the exception of data on vital status, subse-
quent data for these patients were not collected.
No patient was lost to follow-up regarding vital
status.

All the patients in the convalescent-plasma
group received convalescent plasma except 1 who
died before infusion, and none in the standard-
care group received convalescent plasma. Adher-
ence to the standard of care for invasive mechani-
cal ventilation was similar in the two groups
(Table S2). No patient received polyvalent im-
munoglobulins between inclusion and day 28.
The inclusion rate followed the pandemic waves
in Belgium (Fig. S1). We included 197, 163, 99,
and 16 patients during periods when the ances-
tral virus and B.1.1.7 (alpha), B.1.617.2 (delta),
and B.1.1.529 (omicron) variants, respectively,
were predominant in Belgium.” The data and
safety monitoring board recommended that the
trial be continued after each interim analysis
(see the Supplementary Appendix).

The baseline characteristics are shown in Ta-
ble 1 and Table S1 and include some imbalance in
hypertension and diabetes between the two groups.
In the convalescent-plasma group, convalescent
plasma with a neutralizing antibody titer of 1:160,
1:320, 1:640, and more than 1:640 was adminis-
tered in 17.7%, 38.8%, 31.9%, and 11.6%, respec-
tively, of the patients. Glucocorticoids were admin-
istered to 466 patients (98.1%).

PRIMARY OUTCOME
At day 28, mortality was 35.4% (84 of 237 patients)
in the convalescent-plasma group and 45.0%

(107 of 238) in the standard-care group (P=0.03,
before and after adjustment for the stratification
factor). These values were 32.7% (56 of 171) and
46.8% (80 of 171), respectively, among patients
who underwent randomization 48 hours or less
after ventilation initiation and 42% (28 of 66)
and 40% (27 of 67), respectively, among those who
underwent randomization more than 48 hours
after ventilation initiation (Table 2). The survival
curves in the convalescent-plasma and standard-
care groups separated at approximately day 17
(Fig. 1), and the difference in restricted mean
survival time (convalescent plasma minus stan-
dard care) at day 28 was 0.33 days (95% CI, -1.27
to 1.92). The neutralizing antibody titer of the
infused convalescent plasma was not associated
with mortality. The direction of the effect was
opposite in Center 105 (Fig. 2). In this center,
the standard-care group had a shorter time from
ICU admission to inclusion than the convales-
cent-plasma group (Fig. S8).

SECONDARY OUTCOMES AND SUBGROUP ANALYSES
The investigators reported 711 adverse events and
classified 209 of these as serious (Table 3 and
Table S7). Of the 209 serious adverse events, 184
(88.0%) were fatal. All 711 events were attribut-
ed to Covid-19 or complications of organ support,
and none was directly attributed to convalescent
plasma. The occurrence of secondary bacteremia
and pneumonia, duration of organ support, and
length of hospital stay were similar in the two
groups. Mean neutralizing antibody and total IgG
titers to SARS-CoV-2 increased in both groups
after inclusion.

In the prespecified subgroup analysis, a high-
er SOFA score at inclusion was associated with a
greater effect. The effect appeared similar in the
four periods defined a posteriori by the predomi-
nance of the successive variants® and in the sub-
groups defined according to the median total
antibody IgG and neutralizing antibody titers
against SARS-CoV-2 at the time of inclusion.

DISCUSSION

In this trial involving patients admitted to the
ICU with Covid-19-induced ARDS, administra-
tion of convalescent plasma with neutralizing
antibody titers of at least 1:160 against SARS-
CoV-2 early after the initiation of invasive me-
chanical ventilation reduced mortality at day 28.
This effect was observed mainly in the patients
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who underwent randomization 48 hours or less
after the initiation of invasive mechanical venti-
lation. The survival curves in both the overall
population and the patients who underwent
randomization 48 hours or less after ventilation
initiation separated near day 17. Among the sec-
ondary outcomes, the results for inflammation,
vasopressor support, and the number of adverse
events tended to be better in the convalescent-
plasma group. In prespecified subgroup analy-
ses, we observed a greater effect in patients with
a higher illness severity at inclusion.

Our trial differs from previous trials of con-

valescent plasma in Covid-19 in three significant
ways. First, we used convalescent plasma se-
lected for higher neutralizing antibody titers as
determined by a virus neutralization test. Plasma
with higher titers is recommended by most ex-
perts and the Food and Drug Administration®??
because low titers have been incriminated in
several treatment failures.®* We used convales-
cent plasma with a neutralizing antibody titer of
1:320 in 82.3% of the patients and a titer of
1:160 in the remaining 17.7%. We used this lower
titer owing to a shortage of donors in the early
phase of the pandemic, and we accepted it be-

Table 1. Characteristics of the Patients at Inclusion.*

Characteristic
Median age (IQR) —yr
Male sex — no. (%)

Vaccinated against SARS-CoV-2 — no. (%)

Convalescent Plasma Standard Care

Median body-mass index (IQR)

Median time since first reported symptoms (IQR) — days

Median time since hospital admission (IQR) — days

Median time since ICU admission (IQR) — days

Median time since positive nasopharyngeal PCR test for SARS-CoV-2
(IQR) — days

Median APACHE Il score (IQR)

Median SOFA score (IQR)q

Median positive end-expiratory pressure (IQR) — cm of water

Median Pao,:Fio, ratio (IQR)

Median cycle-threshold value on nasopharyngeal PCR test for SARS-
CoV-2 (IQR)|

Median total IgG antibodies against SARS-CoV-2 (IQR) — BAU/ml**

(N=237) (N=238)
64 (55-71) 64 (56-70)
158 (66.7) 165 (69.3)

27 (11.4) 19 (8.0)
30.5 (26.5-34.9) 29.7 (26.5-34.3)
12 (8-14) 12 (8-15)

5 (3-7) 5(3-9)
3 (2-5) 3 (2-9)
7 (4-10) 7 (5-10)

13.0 (9.0-18.0)

13.0 (9.0-17.0)

6.0 (4.0-8.0) 0 (4.0-8.0)
10 (10-12) 10 (10-12)
117 (90-162) 128 (93-160)
2 (18-26) 20 (17-26)

249 (29-928)

288 (36-877)

Median neutralizing antibodies against SARS-CoV-2 (IQR) — NT50%*{ 20 (<20-80) 40 (<20-80)
Median C-reactive protein level (IQR) — mg/liter 126 (67-191) 110 (55-188)
Median score on WHO Clinical Progression Scale (IQR) 31 8 (8-8) 8 (8-8)
Coexisting conditions — no. (%)
Hypertension 145 (61.2) 129 (54.2)
Congestive heart failure 19 (8.0) 11 (4.6)
Diabetes 81 (34.2) 92 (38.7)
COPD 27 (11.4) 24 (10.1)
Asthma 22 (9.3) 17 (7.1)
Chronic renal failure 2 (13.5) 30 (12.6)
Hematologic cancer 6 (2.5) 11 (4.6)
Solid tumor 6 (2.5) 12 (5.0)
Missing data 0 1(0.4)
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Table 1. (Continued.)
Convalescent Plasma Standard Care
Characteristic (N=237) (N=238)
Concomitant therapy against SARS-CoV-2 — no. (%)
Hydroxychloroquine 1(0.4) 0
Azithromycin 10 (4.2) 4 (1.7)
Remdesivir 13 (5.5) 14 (5.9)
Anti—interleukin-6 or anti—interleukin-6 receptor agent 12 (5.1) 7 (2.9)
Glucocorticoids 233 (98.3) 233 (97.9)
Dexamethasone 216 (91.1) 225 (94.5)
Other 15 (6.3) 8 (3.4)

Unless otherwise indicated, the numbers of patients with missing data were as follows: for time since first reported
symptoms, 11 in the convalescent-plasma group and 8 in the standard-care group; for time since hospital admis-
sion, 3 in the convalescent-plasma group and 7 in the standard-care group; for time since intensive care unit (ICU)
admission, 1 in the convalescent-plasma group and 5 in the standard-care group; for positive end-expiratory pres-
sure, 3 in each group; for ratio of partial pressure of arterial oxygen (Pao,) to fraction of inspired oxygen (Fio,), 1 in
the standard-care group; and for C-reactive protein level, 1 in the standard-care group. BAU denotes binding antibody
units, COPD chronic obstructive pulmonary disease, IQR interquartile range, NT50 50% virus neutralization titer,
PCR polymerase chain reaction, and SARS-CoV-2 severe acute respiratory syndrome coronavirus 2.

The vaccination status had not been specified in the protocol because the trial started in September 2020 — 3 months
before the beneficial effects of vaccination were shown® and 5 months before vaccination was routine in Belgium.
Therefore, the collection of the data was heterogeneous across centers.

The body-mass index is the weight in kilograms divided by the square of the height in meters. Data were missing for
26 patients in the convalescent-plasma group and 20 patients in the standard-care group owing to the lack of report-
ing by some investigators.

Scores on the Acute Physiology and Chronic Health Evaluation (APACHE) Il range from 0 to 71, with higher scores
indicating greater disease severity and a higher risk of death. Data were missing for 3 patients in the standard-care
group.

Scores on the Sequential Organ Failure Assessment (SOFA) range from 0 to 24, with higher scores indicating more
severe organ failure. Data were missing for 3 patients in the standard-care group.

Quantitative cycle-threshold values on the nasopharyngeal PCR test for SARS-CoV-2 were missing for 82 patients
(34.6%) in the convalescent-plasma group and 90 patients (37.8%) in the standard-care group because the laboratory
at several centers provided a binary result (positive or negative) or semiquantitative result.

* Titers for total IgG antibodies were missing for 47 patients (19.8%) in the convalescent-plasma group and 52 patients

(21.8%) in the standard-care group. Collection of these data was added as an amendment to the protocol after the
trial had begun.

- The SARS-CoV-2 strain that was used for neutralization assessment was the one that was prevalent in Belgium at the
time of inclusion of the patient.

1 Scores on the World Health Organization (WHO) Clinical Progression Scale range from 0 to 10, with higher score

indicating a worse clinical condition. Data were missing for 3 patients in the standard-care group.

Table 2. Mortality at Day 28.*

Population Convalescent Plasma Standard Care P Value

no. of deaths/no. of patients (%)

Total 84/237 (35.4) 107/238 (45.0) 0.037
Randomization stratum

<48 Hr after IMV initiation 56/171 (32.7) 80/171 (46.8)

>48 Hr after IMV initiation 28/66 (42.4) 27/67 (40.3)

* IMV denotes invasive mechanical ventilation.
7 The P value was the same before and after adjustment for the stratification factor.
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cause it still exceeded the titer that has been
convalescent
plasma was assessed for NT50 in two academic
centers, which ensured that a similar technique

recommended.”>* In our

trial,

was used to assess all plasma.?

Second, our trial focused on patients with
ARDS, corresponding to a score of 7, 8, or 9 on
the WHO Clinical Progression Scale.® Such a
high severity was chosen because no antiviral
treatment was available and the virus is often

A Total Population until Day 28

B Total Population until Day 365

1.00 1.00+
§ Convalescent plasma _Tg
s 0754 S 0.75
a a Convalescent plasma
s s 0.50
Z 0-509 Standard care z 7
3 3 Standard care
8 0.25 8 025
[ [
o a
0.00 T T T T T T 1 0.00 T T T T T T T
0 4 8 12 16 20 24 28 0 50 100 150 200 250 300 350
Days Days
No. at Risk No. at Risk
Convalescent plasma 237 222 203 188 175 168 163 153 Convalescent plasma 233 137 131 127 127 126 126 126
Standard care 238 227 209 196 175 158 144 134 Standard care 232 113 111 111 111 111 111 111

C Randomization 48 Hr or Less after IMV Initiation until Day 28

D Randomization 48 Hr or Less after IMV Initiation until Day 365

1.00 1.00—
s Convalescent plasma s
S 0754 S 0754
a a Convalescent plasma
s 0.50 s 0.50
E Standard care E
B B Standard care
8 025 8 025
[ [
a a
0.00 T T T T T T 1 0.00 T T T T T T T
0 4 8 12 16 20 24 28 0 50 100 150 200 250 300 350
Days Days
No. at Risk No. at Risk
Convalescent plasma 171 161 149 138 128 123 120 115 Convalescent plasma 168 101 96 92 92 91 91 91
Standard care 171 162 152 140 125 112 100 92 Standard care 167 80 79 79 79 79 79 79

E Randomization More than 48 Hr after IMV Initiation until Day 28

F Randomization More than 48 Hr after IMV Initiation until Day 365

1.00 1.00
B Standard care H
S 0.75+ ; 0.75 Convalescent plasma
0 0
s 0.50 s 0.50
A Convalescent plasma s
§ 0.254 § 0.254 Standard care
[ [
o a
0.00 T T T T T T 1 0.00 T T T T T T T
0 4 8 12 16 20 24 28 0 50 100 150 200 250 300 350
Days Days
No. at Risk No. at Risk
Convalescent plasma 66 61 54 50 47 45 43 38 Convalescent plasma 65 36 35 35 35 35 35 35
Standard care 67 65 57 56 50 46 44 42 Standard care 65 33 32 32 32 32 32 32

ventilation.

Figure 1. Survival Curves (Kaplan—Meier Estimates).

The shaded areas represent the pointwise 95% confidence intervals. The widths of the confidence intervals have not been adjusted for
multiplicity. Thus, the confidence intervals should not be used to infer definitive treatment effects. IMV denotes invasive mechanical
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present for a prolonged period in most of these
patients.”® In our trial, as in most Belgian cen-
ters after the first wave of the pandemic,* inva-
sive mechanical ventilation was initiated on the
basis of statements by experts,” which favored
the previous use of high-flow nasal oxygen in an
attempt to prevent tracheal intubation and inva-
sive mechanical ventilation. By contrast, in the
other trials addressing the efficacy of convales-
cent plasma, patients receiving invasive mechani-
cal ventilation were only subgroups of the in-
cluded patients,?®?° mortality was addressed as a
secondary outcome,? or invasive mechanical ven-
tilation was received by a low number of pa-
tients,* which led to inconclusive results.

Third, to ensure homogeneity of the cohort,
we chose to include patients as early as possible
after the initiation of invasive mechanical venti-
lation. Because several tertiary centers expected
to receive patients transferred from other insti-
tutions, we included patients until the fifth day
of invasive mechanical ventilation and stratified
randomization to assess the treatment effect in
the first 48 hours of invasive mechanical ventila-
tion with the lowest risk of bias.

Mortality in the standard-care group was 45.0%,
a finding consistent with those of previous stud-
ies. This high mortality may be due to the age of
the population and the direct nature of the pul-
monary injury.® Our interpretation of the benefit
with respect to mortality is that convalescent
plasma is directed against the cause of Covid-19—
induced ARDS in patients receiving invasive me-
chanical ventilation. Convalescent plasma may
reduce the quantity of virus alive in the lungs of
patients who continue to shed the virus.”® It may
counteract the delayed kinetics of neutralizing
antibody production in these patients,® a phenom-
enon that was observed in a placebo-controlled
trial.®! A decrease in viral load might reduce in-
flammation, as we observed in our convalescent-
plasma group. The median time between viral
infection and ARDS occurrence is 12 days.** This
delay is close to the one we observed between
the administration of convalescent plasma and
the separation in survival curves between the two
groups. This finding is consistent with our hy-
pothesis that neutralizing antibodies act at the
beginning of the cascade between infection and
inflammation.

We believe our trial has a good potential for
generalizability to most patients with Covid-19—
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Between-Group Difference in

Center Convalescent Standard Percentage of Patients with
No. Plasma Care Primary-Outcome Event (95% ClI)
no. of patients evaluated
112 46 45 -
106 45 36 @
105 40 38 R
115 30 32 .
109 19 26 ——
108 8 12 I | a—
114 6 9 —_— 1
100 8 4 —_—
116 7 4 —_—
101 4 7 —_—
102 4 3
113 3 4
117 3 3 B
104 1 4
—1I00 —éO 0 5I0 l(I)O
Convalescent  Standard Care
Plasma Better Better

Figure 2. Primary Outcome across Centers.

The outcome data according to center are provided in Table S3 in the Sup-
plementary Appendix. A center effect is apparent for the primary outcome.
The result in Center 105 was the reverse of the other centers. This finding
was associated with a shorter time from intensive care unit admission to
inclusion in the standard-care group than in the convalescent-plasma group
(Fig. S7). In this center, the standard-care group had a very low mortality
(13%) as compared with the rest of the population. Because randomization
was not stratified according to center, the difference in disease severity at
patients’ inclusion may be due to chance. Owing to centers with low num-
bers of patients, we could not assess an interaction between treatment and
center.

induced ARDS because almost 50% of such pa-
tients were included in the centers during their
participation in the trial. Our results should be
confirmed in patients with ARDS with different
Covid-19 variants than those we studied. Confir-
mation could be accomplished by continuing col-
lection campaigns and delivering the most re-
cently collected plasma available.

Our trial has limitations. First, it was not
blinded. We chose this design intentionally, be-
cause the use of a placebo would have added an
extra fluid volume of 500 ml, which is against the
recommended conservative approach when treat-
ing ARDS.* To reduce the risk of bias due to the
lack of blinding, we chose a nonsubjective primary
outcome, death by day 28, that was not likely to
be influenced by the knowledge of the trial-group
assignment. The open design may have resulted
in subtle differences in clinical decisions after ran-
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Table 3. Secondary Outcomes in the Total Population.*

Outcome
=1 Adverse event — no. (%)
Total adverse events — no.
Total serious adverse events — no.
Fatal
Nonfatal
Related to convalescent plasma
Decision to limit therapy before day 28 — no. (%)
Median time to decision to limit therapy (IQR) — days
Bacteremia
=1 Episode — no./total no. (%)
Episodes per 10,000 ICU days — no.
Ventilator-associated pneumonia
=1 Episode — no./total no. (%)
Episodes per 10,000 IMV days — no.
Values at day 7 among survivors
No. of patients evaluated
Median C-reactive protein level (IQR) — mg/liter
Median SOFA score (IQR)
Use of organ support — no./total no. (%)
Vasopressors
Renal-replacement therapy
ECMO
Median time alive and free of support at day 28 (IQR) — days§
IMV
Vasopressors
Renal-replacement therapy
Median duration of IMV (IQR) — days€
Median duration of ICU stay (IQR) — days||
Median duration of hospital stay (IQR) — days**
Death at day 90 — no. (%)
Death at day 365 — no./total no. (%)

Convalescent Plasma
(N=237)

158 (66.7)
324
93
78
15
0
1(8.9)
17 (11 to 20)

62/232 (26.2)
10

182/232 (76.8)
73

215
85 (37 to 182)
4(3t07)

192/233 (81.0)
31/233 (13.1)
45/235 (19.0)

0 (Oto 14)
19 (4 to 27)
28 (12 to 28)
15 (9 to 27)
20 (12t0 37)
28 (18 to 53)
102 (43.0)

107/233 (45.9)

Standard Care
(N=238)

173 (72.7)
387
116
106
10
NA
32 (13.4)
13 (7 to 21)

69/232 (29.0)
12

188/232 (79.0)
75

217
120 (59 to 203)
5 (4t08)

204/235 (85.7)
42/233 (17.6)
47/235 (19.7)

0 (0to 10)
14 (2 to 26)
28 (10to 28)
17 (10 to 25)
21 (13 to 34)
27 (17 to 46)

121 (50.8)
123/234 (52.6)

Difference
(95% CI)7

-6.0 (-14.7 to 1.7)%

-4.6 (-10.2 to 1.1)
-3.0 (-8.0t0 2.0)

-2.8 (-10.9to 5.2

2.2 (-9.5t0 5.0)F

-17.3 (-35.5 t0 -0.50)
-1.0 (-1.0t0 0)

-4.7 (-11.2to 1.8)%:
-4.5 (-11.0to 1.8)%
-0.7 (-7.9t0 6.5)

0(0to0)
1.0 (0 to 2.5)
0(0t00)

-10( 3.0t0 1.0)
0 (-3.0t0 2.0)
(-2.0to0 4.0)
(-16.8t01.2)
(-

15.7 to 2.4)%

-1.0
-7.8
-6.7

* ECMO denotes extracorporeal membrane oxygenation, and NA not applicable.

1 Differences between groups are provided with point estimates for differences, and 95% confidence intervals were determined with the
use of the Hodges—Lehmann estimation of location shift and a Wald asymptotic confidence interval for quantitative and binary variables,
respectively. The widths of the confidence intervals have not been adjusted for multiplicity. Thus, the confidence intervals should not be

used to infer definitive treatment effects.
4 The difference is in percentage points.

§ For IMV, data were missing for 1 patient in the convalescent-plasma group and 3 patients in the standard-care group. For vasopressors,
data were missing for 4 patients and 3 patients, respectively. For renal-replacement therapy, data were missing for 4 patients and 5 pa-

tients, respectively.

Data were missing for 1 patient in the convalescent-plasma group and 3 patients in the standard-care group.
| Data were missing for 2 patients in the convalescent-plasma group and 4 patients in the standard-care group.
** Data were missing for 5 patients in the convalescent-plasma group and 6 patients in the standard-care group.
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domization. Such potential differences may have
been in either direction, depending on the con-
fidence of each investigator regarding convales-
cent plasma. In our trial, if one group had been
treated with a lower intensity, we assume the
survival curves would have diverged in the days
immediately after the randomization process,
which was not the case. In addition, the results
were not driven by a particular center. Second,
the convalescent plasma was obtained between
April 2020 and May 2021, when the ancestral
virus and then its alpha variant were predomi-
nant in Belgium, and their neutralizing antibod-
ies might have been less active against subsequent
variants. However, a difference in treatment ef-
fect was not apparent between the periods when
the delta or omicron BA.1 variants were predomi-
nant in Belgium. Third, the trial ended prema-
turely because of the absence of new inclusion,
presumably owing to the reduced virulence of
the omicron BA.2 variant. We ultimately included
475 patients, representing 95% of the planned
inclusions, and it is unlikely that the results
would have been modified by including 25 pa-
tients more. The reduced virulence of new vari-
ants may limit the immediate effect of our results,
but future SARS-CoV-2 variants with increased
virulence may occur. Fourth, we have not stan-
dardized our in-house neutralizing antibody titers
against an international standard. The quantita-
tive results generated by this method are known
to vary among laboratories because, as a reference
standard, it is mostly used as a research tool.
However, because the convalescent plasma that
we selected for passive immunization had a higher

NT50 than that measured in 85% of all the con-
valescent plasma we tested in a previous large-
scale study,** we believe that, using this qualitative
selection threshold, other investigators should
approach the potency of our own convalescent-
plasma preparations. Fifth, data were missing
for a substantial number of quantitative naso-
pharyngeal PCR and antibody measurements,
and the interpretation of the corresponding sec-
ondary results should be cautious.

The administration of plasma collected from
convalescent donors and documented to have neu-
tralizing antibody titers of at least 1:160 to patients
with Covid-19-induced ARDS within 5 days after
the initiation of invasive mechanical ventilation
significantly reduced mortality at day 28. In a pre-
specified analysis, this effect was mainly observed
in the patient group that underwent randomiza-
tion 48 hours or less after the initiation of inva-
sive mechanical ventilation.
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