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BACKGROUND. COVID-19 convalescent plasma (CCP) has been considered a treatment option for COVID-19. This trial assessed
the efficacy of a neutralizing antibody containing high-dose CCP in hospitalized adults with COVID-19 requiring respiratory
support or intensive care treatment.

METHODS. Patients (n = 105) were randomized 1:1 to either receive standard treatment and 3 units of CCP or standard
treatment alone. Control group patients with progress on day 14 could cross over to the CCP group. The primary outcome was a
dichotomous composite outcome of survival and no longer fulfilling criteria for severe COVID-19 on day 21.

RESULTS. The primary outcome occurred in 43.4% of patients in the CCP group and 32.7% in the control group (P = 0.32). The
median time to clinical improvement was 26 days in the CCP group and 66 days in the control group (P = 0.27). The median time to
discharge from the hospital was 31 days in the CCP group and 51 days in the control group (P = 0.24). In the subgroup that received
a higher cumulative amount of neutralizing antibodies, the primary outcome occurred in 56.0% of the patients (vs. 32.1%), with
significantly shorter intervals to clinical improvement (20 vs. 66 days, P < 0.05) and to hospital discharge (21vs. 51 days, P = 0.03)
and better survival (day-60 probability of survival 91.6% vs. 68.1%, P = 0.02) in comparison with the control group.

CONCLUSION. CCP added to standard treatment was not associated with a significant improvement in the primary and
secondary outcomes. A predefined subgroup analysis showed a significant benefit of CCP among patients who received a larger
amount of neutralizing antibodies.
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Figure 1. Patient enrollment and treatment assignment. ITT, intention to treat.

2020 (4, 5). A large number of clinical trials on CCP have been
initiated since the start of the pandemic (6-19). Clinical trial out-
comes assessing efficacy have been mixed. A recent systematic
review and meta-analysis concluded that CCP compared with
placebo or standard of care was not significantly associated with
a decrease in all-cause mortality or with any other benefit for
other clinical outcomes (18, 19). However, several limitations
were noted: risk of bias, insufficient reporting of clinical out-
comes other than all-cause mortality, and limited data to per-
form subgroup analyses. The certainty of evidence was con-
sidered low to moderate for all-cause mortality and low for
other outcomes (18). In contrast, another meta-analysis conclud-
ed that patients with COVID-19 transfused with CCP exhibited
alower mortality rate compared with patients receiving standard
treatments, and it showed that early transfusion of higher-titer
plasma is associated with lower patient mortality (20). The vol-
ume of CCP transfused was low in some of the trials (6, 7, 9, 10,
12, 14), and the content of antibodies in CCP units was poorly
characterized or only measured post hoc in some of the trials.
Therefore, it is important to gather data from further controlled
clinical trials using well-defined CCP.

Here we present the results of a randomized, prospective,
open-label, multicenter clinical trial of CCP compared with
standard of care in hospitalized patients requiring supplemen-
tal oxygen or ventilation support or intensive care treatment
(CAPSID trial). It includes some unique features: In addition
to survival, a number of other outcomes are reported based on
detailed definitions. Patients in the CCP group received 3 units
of plasma over a period of 5 days, i.e., a scheduled volume of
about 850 mL CCP, which is substantially higher than the CCP
volume administered in other trials. Neutralizing SARS-CoV-2

antibodies were analyzed in detail both in the CCP products
and in the recipients.

Results

Study population. A total of 106 patients were enrolled to this clin-
ical trial, and 105 patients were randomized to either the CCP
group (n = 53) or the control group (n = 52) (Figure 1). All 105
patients were included in the intention-to-treat analysis.

Baseline demographics and clinical characteristics are
shown in Tables 1 and 2. A minority of patients were female
(26.7%) and the majority were male (73.3%). The median age
was 60 years (IQR 53-66). A majority of patients (89.5%) had a
coexisting condition at entry into the trial (56.2% hypertension,
31.4% diabetes, 21.9% cardiovascular disease). The median
BMI was 29.4 kg/m? The percentage of patients receiving sup-
plemental oxygen or noninvasive ventilation (score 4 and 5 on
the WHO ordinal severity scale) or invasive ventilation (score 6
and 7) was 59.1% and 34.3%, respectively. The time from symp-
tom onset of the SARS-CoV-2 infection to randomization was 7
days (IQR 4-10). SARS-CoV-2 PCR from nasopharyngeal swabs
was still positive in 94.3% of patients at baseline. Neutralizing
SARS-CoV-2 antibodies were present in 78.9% of patients with
available information at baseline (median titer among those with
detectable antibodies 1:160, IQR 1:80 to 1:640; Table 2). The
proportion of patients with detectable neutralizing SARS-CoV-2
antibodies was higher among those with longer interval (>7 days)
since onset of symptoms compared with those with shorter inter-
val (< 7days) (89.1% vs. 69.4%).

Patients were also classified by their inflammation markers
at baseline (Table 2). Among the patients with high inflammation
markers and low inflammation markers the proportion of patients
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Table 1. Baseline demographics and clinical characteristics

Demographic and clinical characteristics
Median age, years (IQR)
Sex, no. (%)
Female
Male
BMI, kg/m? (IQR)
Coexisting diseases, 1 (%)
No other disease
BMI >30 kg/m’
Hypertension
Cardiovascular disease
Diabetes
COPD, asthma, other pulmonary disease
Thromboembolic disease
Solid tumor
Other
Point scale at study entry, n (%)

Respiratory rate, breaths/min (IQR)
Median time from symptom onset of the SARS-CoV-2 infection to randomization, days (IQR)
Median time from hospitalization to randomization, days (IQR)
Prior/concomitant medication, n (%)

Antiviral drug*

Corticosteroids

Tocilizumab

Antibiotic drug

Vasopressors

Anticoagulation

Platelet aggregation inhibitor

RBC transfusion

PLT transfusion

FFP transfusion

No concomitant medication
SARS-CoV-2 status at baseline
SARS-CoV-2 PCR nasopharyngeal swab, 1 (%)

Positive

Negative

Missing

CCP group Control group Pvalue
(n=53) (n=52)
59 (53-65) 62 (55-66) 0.24
019
11(20.8) 17 (32.7)
42(79.3) 35(67.3)
294 (276-334) 29.1(25.6-315) 0.07
7(13.2) 4(77)
28 (52.8) 29 (55.6)
31(58.5) 28 (53.9)
12(22.6) 1(21.2)
18 (34.0) 15(28.9)
8 (15.1) 9(173)
2(3.8) 3(5.8)
2(3.8) 3(5.8)
32(604) 41(78.8)
0.68
4(76) 3(5.8)
5(9.4) 8 (15.4)
28 (52.8) 21(404)
3(5.7) 3(5.8)
13 (24.5) 17 (32.7)

24 (20-30) 23 (18-30) 0.82
7(2-9) 7(5-10.5) 0.07
1(1-3) 2.5 (1-5) 0.02

23 (434) 24 (46.2)
45 (84.9) 49 (94.2)
0(0.0) 3(5.8)
26 (472) 25 (48.1)
24 (45.3) 30(57.7)
42(79.3) 40 (76.9)
17 (321) 15(28.9)
14 (26.4) 25 (48.1)
1(19) 4(77)
7(13.2) 9(17.3)
2(3.8) 2(3.9)

0.62
49 (92.5) 50 (96.2)
3(5.7) 1(19)
1(1.9) 1(19)

Alncluding remdesivir in 20 patients (37.7%) in the CCP group and 22 patients (42.3%) in the control group. COPD, chronic obstructive pulmonary disease;
FFP, fresh frozen plasma (nonimmune plasma, not for indication of passive immunotherapy against SARS-CoV-2); PLT, platelet concentrate; RBC, red

blood cell concentrate.

with less severe disease (score 3 and 4 on the WHO ordinal sever-
ity scale) was 9.8% and 29.2%, respectively.

Overall, the CCP group and the control group were similar
in terms of demographic characteristics and disease severity
as assessed by the distribution on the ordinal severity scale, the
type of ventilation support, and the laboratory results at baseline,
except ferritin levels at baseline and the interval from hospitaliza-
tion to randomization (Tables 1 and 2).
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Study treatment. Fifty-two of 53 patients (98.1%) ran-
domized to CCP received all 3 planned CCP transfu-
sions with a median total volume of 846 mL (IQR 824-
855 mL). The median neutralization titer in the plaque
reduction neutralization test (50% inhibition) (PRNT50)
of CCP was 1:160 (IQR 1:80 to 1:320; Supplemental Figure
1; supplemental material available online with this article;
https://doi.org/10.1172/]JCI152264DS1). Themediantransfused
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Table 2. Humoral immune response and laboratory values at baseline

Humoral immune response at baseline
SARS-CoV-2 IgA present, n (%)
Yes
No
Missing
SARS-CoV-2 IgA, 0D ratio
(median, IQR)*
SARS-CoV-2 IgG present, n (%)
Yes
No
Missing
SARS-CoV-2 IgG, 0D ratio
(median, IQR)*
PRNTSO titer, categorical, 7 (%)
Negative
1:20
1:40
1:80
1:160
1:320
1:640
>1:640
Missing
Neutralizing antibodies (based on PRNTS0 titer >1:20) present
No
Yes
Missing
Median (IQR)*
Mean (SD)*
Laboratory values at baseline
Inflammation markers
Ferritin [ug/L], median (IQR)
CRP [mg/L], median (IQR)
IL-6 [pg/mL], median (IQR)
LDH [U/L], median (IQR)
Renal and hepatic markers
Serum creatinine [mg/dL], median (IQR)
Bilirubin [mg/dL], median (IQR)
Blood count
White blood cells [x 10°/L], median (IQR)
Lymphocytes [x 10°/L], median (IQR)
Hemoglobin [g/dL], median (IQR)
Platelets [x 10°/L], median (IQR)

CCP group Control group Pvalue
(n=53) (n=52)
0.58
37(69.8) 38(73.1)
6(11.3) 7(13.5)
10 (18.9) 7(13.5)
74 (2.6-9.0) 8.0 (3.3-9.0) 0.86
0.50
25(47.2) 30(57.7)
19 (35.9) 15(28.9)
9(17.0) 7(13.5)
4.2(2.6-6.5) 4.8 (1.9-6.9) 0.97
1.00
10 (18.9) 10(19.2)
2(3.8) 2(3.9)
5(9.4) 6 (11.5)
5(94) 7(13.5)
6(11.3) 5(9.6)
7(13.2) 7(13.5)
5(94) 4(17)
7(13.2) 7(13.5)
6(11.3) 4(77)
1.00
10 (18.9) 10(19.2)
37(69.8) 38 (73.8)
6 (11.3) 4(77)
1:320 (1:80-1:640) 1:160 (1:80-1:640) 0.70
1:432 (1:457) 1:405 (1:458)
1040 (649-1552) 1185 (711-2200) 0.01
151(79-230) 130 (66-206) 0.74
60 (16-98) 44 (18-142) 040
481(399-551) 486 (362-662) 0.74
0.96 (0.74-1.23) 1.09 (0.80-1.65) 0.07
0.47(0.32-0.62) 0.51(0.30-0.81) 0.15
8.23 (6.88-11.3) 9.92 (7.03-14.03) on
0.68 (0.40-0.80) 0.54 (0.30-0.83) 0.82
13.0 (11.7-14.2) 12.0 (10.4-14.0) 0.88
231(195-320) 237 (163-301) 0.83

:

AThis descriptive analysis included only patients with detectable antibodies (PRNT50 >1:20). CRP, C-reactive protein; LDH, lactate dehydrogenase; PRNT50,

neutralization titer in the plague reduction neutralization test (50% inhibition).

neutralizing units per patient were 6768 (IQR 3424-13,520).
The majority of patients (96.2%) received only ABO-identical
transfusions, 1 patient each with type A and type B received
AB plasma, and 50 patients of 53 (94.3%) received all 3 plasma
units from 1 donor collected in either 1 or 2 plasmapheresis
sessions (79.3% and 15.1%, respectively). Crossover patients
received a median total volume of 837 mL (IQR 738-872 mL),
and all but 1 crossover patients received all 3 CCP transfusions.

Primary clinical outcome. There was no significant difference
in the dichotomous composite primary outcome at day 21 (no lon-
ger requiring ventilation support or ICU treatment and no tachy-
pnea, i.e., respiratory rate <30 per minute): 43.4% of patients in
the CCP group and 32.7% in the control group reached the pri-
mary outcome (P = 0.32; Table 3). Among those who received a
low or high cumulative amount of neutralizing units, the primary
outcome occurred in 32.1% and 56.0%, respectively (Table 4).

J Clin Invest. 2021;131(20):e152264 https://doi.org/10.1172/)CI152264
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Table 3. Primary outcome at day 21

CCP group Control group

(n=53) (n=52)
Treatment success, n (%) 23 (434) 17(32.7)
Treatment failure, 1 (%) 30 (56.6) 35(673)

The majority of patients (81.0%)
experienced at least one AE. Neither the

Pvalue frequency of AEs nor the worst AE grade
significantly differed between the groups
032 (P =0.62 and P = 0.18, respectively.; Sup-

plemental Table 1). The outcome of AEs
was similar between the groups. The pro-

portion of patients with serious AEs (SAEs)
was 41.5% in the CCP group and 48.1% in
the control group. Number of SAEs and

Table 4. Primary outcome at day 21 by transfused neutralizing units*

CCP group
(n=53)
Low neutralizing units* High neutralizing units"
(n=28) (n=25)
Treatment success, n (%) 9(321) 14 (56.0)
Treatment failure, n (%) 19 (67.9) 11(44.0)

ASee Methods for definition of neutralizing units. CCP group was divided by the cumulative amount

of neutralizing units per patient (all 3 CCP transfusions) into a low-neutralizing
and a high-neutralizing unit group (> median).

reasons for classification as SAE are sum-
marized in Supplemental Table 1.

Control group The case fatality rate at day 21, day

(n=52) 35, and day 60 was 14.3%, 21.0%, and
26.7%, respectively, without a signif-
icant difference between the groups

17(327) (Supplemental Table 2). The probability

35(673)

of overall survival at day 60 was 77.9%
(95% CI 63.6%-87.1%) in the CCP group
and 68.1% (95% CI 53.3%-79.1%) in the
control group (P = 0.21, log-rank test;

unit group (< median)

Among those with low and high inflammation markers at entry
(n =48 and n =51, respectively), the primary outcome occurred in
26 of 48 (54.2%) and 13 of 51 (25.5%) patients, respectively (P =
0.004, Fisher’s exact test, explorative analysis; Table 5). Among
the patients without or with neutralizing antibodies at baseline
(n =20 and n = 75, respectively), the primary outcome occurred
in 5 of 20 (25.0%) and 32 of 75 (42.7%) patients, respectively (P
= 0.20, Fisher’s exact test, explorative analysis; Table 6). Among
those with or without invasive ventilation or extracorporeal mem-
brane oxygenation (ECMO) at entry (n = 36 and n = 69, respec-
tively), the primary outcome occurred in 5 of 36 (13.9%) and 35 of
69 (50.7%) patients, respectively (P < 0.001, Fisher’s exact test,
explorative analysis; Table 7). However, within these subgroups
(Tables 5-7) the outcome did not significantly differ between the
CCP group and the control group.

Secondary clinical outcome. The median time to clinical
improvement by =2 points on the ordinal severity scale was
26 days (IQR 15-NR [not reached]) in the CCP group and 66
days (IQR 13-NR) in the control group (P = 0.27, log-rank test;
Figure 2A).

Figure 2B). The median time to hospital
discharge was 31 days (IQR 16-NR) in the
CCP group and 51 days (IQR 20-NR) in
the control group (P = 0.24, log-rank test; Figure 2C).

The median time to discharge from ICU was 29 days (IQR
9-NR) in the CCP group and 42 days (IQR 12-NR) in the control
group (P = 0.39, log-rank test; Figure 2D).

The distribution of clinical outcomes according to the ordinal
severity scale is shown in Figure 3. On day 35, 65.3% of patients
with available follow-up information in the CCP group and 44.0%
in the control group were discharged from hospital or no lon-
ger required supplemental oxygen (P = 0.04, Fisher’s exact test,
exploratory analysis). The proportion of patients still requiring
supplemental oxygen or noninvasive or invasive ventilation on day
35 was 18.4% in the CCP group and 28.0% in the control group.

The median time to first negative SARS-CoV-2 PCR from
nasopharyngeal swab was 7 days (IQR 4-17 days) in the CCP group
and 8 days (IQR 5-21 days) in the control group (P = 0.38, log-rank
test; Supplemental Figure 2A).

The secondary time to event outcomes by transfused neutral-
izing units is summarized in Supplemental Table 3. Among those
patients in the CCP group who received a high cumulative amount
of neutralizing units compared with those with a low amount, the

Table 5. Primary outcome at day 21 by inflammation markers*

High inflammation markers

(n=51)?
CCP group Control group
(n=25) (n=26)
Treatment success, 1 (%) 8(32.0) 5(19.2)
Treatment failure, n (%) 17 (68.0) 21(80.8)

ASee Methods section for definition of high and low inflammation markers. The

Low inflammation markers

(n = 48)°
CCP group Control group
(n=24) (n=24)
14 (58.3) 12 (50.0)
10 (41.7) 12 (50.0)

patient group was divided into a low-inflammation marker group and a

high-inflammation marker unit group. In each of these groups the primary outcome for patients in the CCP group and the control group was compared. 8Six
patients with either missing data on inflammation markers (n = 1) or intermediate inflammation markers (n = 5) are not included in this table.
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Table 6. Primary outcome at day 21 by presence/absence of SARS-CoV-2 neutralizing antibodies at baseline®

Anti-SARS-CoV-2 neutralizing antibodies at baseline: positive

Anti-SARS-CoV-2 neutralizing antibodies at baseline: negative

(n=75)® (n=20)®
CCP group Control group CCP group Control group
(n=37) (n=38) (n=10) (n=10)
Treatment success, 1 (%) 17 (46.0) 15 (39.5) 4(40.0) 1(10.0)
Treatment failure, n (%) 20 (54.0) 23 (60.5) 6 (60.0) 9(90.0)

APresence of anti-SARS-CoV-2 neutralizing antibodies with titers of PRNT50 >1:20 at baseline. 8Ten patients with missing data on neutralizing antibodies

(PRNT50) at baseline are not included in this table.

Table 7. Primary outcome at day 21 by ventilation status at baseline

Patients without invasive ventilation/ECMO

Patients with invasive ventilation/ECMO

(n=69) (n=36)
CCP group Control group CCP group Control group
(n=37) (n=32) (n=16) (n=20)
Treatment success, n (%) 21(56.8) 14 (43.8) 2(12.5) 3(15.0)
Treatment failure, r1 (%) 16 (43.2) 18 (56.3) 14 (87.5) 17 (85.0)

median time to clinical improvement was 20 days (IQR 11-NR)
and 36 days (IQR 17-NR), respectively (Figure 4A and Supple-
mental Table 3). The median time to hospital discharge was 21
days (IQR 13-43) and 39 days (IQR 21-NR) (Figure 4C and Sup-
plemental Table 3), the median time to discharge from ICU was
14 days (IQR 7-39) and 39 days (IQR 20-NR) (Figure 4D and Sup-
plemental Table 3), and the median time to negative SARS-CoV-2
PCR was 5 days (IQR 3-15) and 14 days (IQR 5-19) (Supplemen-
tal Figure 2B and Table 3). Overall survival was higher among
patients transfused with high amounts of neutralizing antibodies
compared with the control group (P = 0.02; Figure 4B).

The secondary time to event outcomes by inflammation mark-
ers at baseline is summarized in Supplemental Table 4 and Supple-
mental Figure 3. For those patients with high inflammation markers
the median time to clinical improvement was not reached (Supple-
mental Table 4 and Supplemental Figure 3A). Among patients with
low inflammation markers at baseline, the median time to clinical
improvement was 19 days (IQR 8-NR) in the CCP group and 41
days (IQR 13-NR) in the control group. Among patients with high
inflammation markers, the time to discharge from hospital was
41 days (IQR 21-NR) in the CCP group and was not reached in the
control group (Supplemental Table 4 and Supplemental Figure 3B).
Among patients with low inflammation markers, the median time
to hospital discharge was 24 days (IQR 11-NR) in the CCP group
and 26 days (IQR 12-NR) in the control group.

The secondary time to event outcomes by presence of neutral-
izing antibodies at baseline and by the ventilation status at base-
line is summarized in Supplemental Tables 5 and 6.

Crossover patients. Baseline characteristics of crossover
patients are summarized in Supplemental Table 7. None of the
crossover patients achieved clinical improvement and hospi-
tal discharge, and all 7 patients died (Supplemental Figure 4).
We compared the crossover patients with a propensity score-
matched subset of patients from the initial CCP group. Patients

matched according to ventilation status on day +14 and baseline
characteristics (Supplemental Table 8) showed no difference in
overall survival (Supplemental Figure 5B). In contrast, a subset
matched for baseline characteristics only (Supplemental Table
9) showed a significant difference in overall survival (Supple-
mental Figure 5A).

Discussion

This trial found no statistically significant difference in the primary
outcome, a dichotomous composite outcome of survival without
ventilation support at day 21 after treatment with CCP compared
with standard treatment in hospitalized patients who required sup-
plemental oxygen, noninvasive or invasive ventilation, or ICU treat-
ment. Use of CCP was also not associated with significant improve-
ment in the secondary outcomes time to clinical improvement, time
to ICU discharge, time to hospital discharge, and case fatality rate.

In 2 subgroup analyses, we were able to demonstrate that the
primary outcome was better in patients with low inflammation
markers at baseline and in patients not requiring invasive venti-
lation or ECMO at baseline. However, in the subgroup analysis
the primary and secondary outcomes did not differ significantly
between the treatment groups. A better outcome of patients not
requiring invasive ventilation is in line with other reports (3, 6).

So far there is no consensus on a minimum antibody titer in
CCP — mainly owing to a lack of standardization of assays for
SARS-CoV-2neutralizing antibodies. While there is an increasing
number of studies comparing results of total binding antibodies
(21, 22), the comparability of assays for neutralizing antibodies
is rather limited. Therefore, it is difficult to compare the neutral-
izing capacity of CCP products used in the different clinical tri-
als. In addition to direct antibody-mediated virus neutralization,
other mechanisms of action based on Fc-dependent antibody
functions (23, 24) as well as cellular immunological effects (25)
may have implications for therapeutic efficacy of CCP. Longitu-
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Figure 2. Occurrence of secondary outcomes. Kaplan-Meier cumulative estimates of probability are shown. (A) The key secondary outcome time to clinical
improvement compared in the CCP group (red line) and control group (blue line). Censored patients are indicated by “+". P = 0.27 (log-rank test). (B) Prob-
ability of overall survival compared in the CCP group (red line) and control group (blue line). Censored patients are indicated by “+". P = 0.21 (log-rank test).
(C) Probability of discharge from hospital compared in the CCP group (red line) and control group (blue line). Censored patients are indicated by “+". P = 0.24
(log-rank test). (D) Probability of discharge from ICU compared in the CCP group (red line) and control group (blue line). Censored patients are indicated by

“+". P =0.39 (log-rank test).

dinal analysis of humoral immunity against SARS-CoV-2 spike
in convalescent individuals demonstrated a decrease of IgM and
neutralization capacity while IgG levels and Fc effector functions
remained relatively stable (26). Also, the total volume of trans-
fused CCP matters. In this trial the median total dose of plasma
per patient was 846 mL, which is higher than in other published
clinical trials that administered a total CCP volume of 200 mL
(6), 200-250 mL (17), 250 mL (14), 300 mL (9), 400 (7, 10, 12,
15),500 mL (3,11, 13), and 550 mL (16). Despite a high CCP vol-
ume the CAPSID trial failed to demonstrate a significant effect
on the primary outcome. However, there was a signal of benefit
from CCP in a prespecified subgroup analysis of patients who
were treated with a high amount of neutralizing antibodies. The
primary outcome was numerically better and the time to clinical
improvement, time to ICU discharge and hospital discharge, and
overall survival were significantly better (exploratory analysis)
in the subgroup that received high amounts of neutralizing units
compared with the control group. Previous studies have noted
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benefit from CCP therapy in early disease or the first 3 days of
hospital admission (3, 14, 27). Thus, in this context the first CCP
transfusion in the row of 3 transfusions over 5 days might be the
most consequential. Therefore, we performed an analysis that
included only the amount of neutralizing antibodies of the first
CCP transfusion (data not shown). This analysis also demon-
strated a significantly shorter time to clinical improvement and
shorter time to hospital discharge and significantly better overall
survival among patients who received high amounts of neutraliz-
ing units with the first CCP transfusion.

For the findings in this trial, 3 characteristics of the patient
population might be of relevance: (a) the population included
patients with respiratory distress in a broad range from supplemen-
tal oxygen to invasive ventilation (the latter subgroup comprising
about 34%); (b) the median interval from onset of symptoms to ran-
domization was 7 days; and (c) the majority of patients already had
neutralizing antibodies at baseline. Other trials that also includ-
ed hospitalized patients requiring respiratory support at least in a
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proportion of patients also did not report significant differences in
clinical improvement or all-cause mortality (6-13, 16). However, in
the CAPSID trial, the proportion of patients with life-threatening
disease, i.e., requiring invasive ventilation or ECMO, was higher
than in most other trials (6-13, 16). This trial included a larger pro-
portion of patients with poor prognosis — based on proportion of
patients with invasive ventilation, high inflammation markers, and
comorbidities that are associated with poor outcome (28).

Despite a short median interval of 7 days between onset of
symptoms and randomization, a majority of patients had already
mounted an immune response, and the median PRNT50 titer was
1:160 — even before the transfusion of the first CCP unit. Similar
findings were reported from other trials (8, 9, 13, 16), and one trial
has even been stopped early because of this observation (9). An
observational study reported an association between absent or
low levels of antibodies against the spike protein of SARS-CoV-2
at ICU admission and an increased risk of mortality, higher fre-
quency of antigenemia, and higher viral RNA loads in plasma (29).
It was suggested that profiling anti-SARS-CoV-2 spike antibodies
at ICU admission could help to better identify those patients who
would potentially benefit from CCP (29).

Thus, late administration of CCP to patients who already had
progressed to severe COVID-19 requiring ventilation support or
ICU treatment and who already had developed neutralizing anti-
bodies did not significantly improve all-cause mortality or time to
clinical improvement with an effect size that was the basis for the
sample size calculation of this trial. In contrast, early treatment
with high-titer CCP within 72 hours of onset of mild COVID-19
symptoms reduced the risk of progression to severe respiratory
disease by 48% (14). This is in line with our observations in the
subgroup analysis by the cumulative amount of transfused neu-
tralizing antibodies and other reports (3, 17, 27).

There was no signal that frequency, severity, type, and out-
come of AEs or SAEs in the CCP group differed from those in the
control group. Rather, there was a tendency toward a lower num-
ber of AEs and lower number of SAEs in the CCP group. Thus, like
other studies (6-13, 17, 30), this trial does not raise concerns that
there are new safety issues if plasma is given in the proinflamma-
tory and prothrombotic state of severe COVID-19.

A specific feature of this trial that differs from other trials is the
option of crossover of patients from the control group to receive

Ordinal severity scale
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Figure 3. Clinical outcomes accord-
ing to ordinal severity scale. The
distribution of the clinical status
according to the ordinal severity scale
at baseline, day 7, day 14, day 21, and
day 35 is shown for the CCP group
and control group according to initial
randomization, i.e., the 7 patients
with crossover to receive CCP on days
15, 17, and 19 remain in the control
group. *Hospitalized.

Missing

8 - Death

7 - invasive ventilation*
and orgain failure

6 - Invasive ventilation*

5 - Noninvasive ventilation*
4 - Supplementary oxygen*

3 - No supplementary oxygen*
< 2 (discharge)

CCP if they presented with progressive COVID-19 on day 14. This
should address the question of whether even late administration
of CCP in progressive COVID-19 can improve outcome. Only 7
patients were switched, none had achieved clinical improvement,
and all died. The baseline characteristics of the patients who were
switched to the CCP arm did not differ from those of the control
group patients who were not switched to receive CCP. The cross-
over patients were in a poor clinical condition on day 14 — just
based on the fact that they were eligible for crossover, which indi-
cated progressive respiratory disease. The comparison of cross-
over patients with propensity score-matched subgroups from
the initial CCP group suggests that the very poor outcome of this
small subgroup represents a selection of patients with poor prog-
nosis and unfavorable clinical course irrespective of treatment.
Our observation does not support the use of CCP as a last resort
in progressive patients.

Potential limitations of this trial include the following: (a) The
design was open-label. However, the primary outcome was based
on objective criteria and was hardly influenced by the knowledge
of the randomization group. (b) Because of the eligibility criteria
and the primary outcome of this study, the results do not allow
conclusions for patients not requiring hospitalization. (c) There
were no stringent rules for the standard treatment, which was
allowed in both groups. Standard treatment regarding ventilation
procedures, corticosteroids, anticoagulation, and antiviral sub-
stances developed rapidly during the study period. A large pro-
portion of patients in both groups had received corticosteroids,
which might counteract CCP efficacy by inhibiting antibody-
dependent cytotoxicity or antibody-dependent phagocytosis as
hasbeen shown in animal experiments (24). However, since a large
proportion of patients (Table 1) had received corticosteroids, we
cannot provide data from this trial regarding whether a temporal
relationship between CCP transfusion and corticosteroids leads
to a clinically relevant antagonism. There is no obvious difference
in concomitant treatment with potential impact on the outcome
of COVID-19. However, it is difficult to assess the non-pharma-
cological interventions, e.g., ventilation support (31), which are
also relevant to the outcome of COVID-19. (d) The protocol did
not prospectively define limits for the allowed interval between
onset of symptoms and CCP transfusion (except a maximum time
of 72 hours after start of mechanical ventilation). The median time
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Figure 4. Occurrence of secondary outcomes by cumulative amount of transfused neutralizing units. Kaplan-Meier cumulative estimates of proba-
bility are shown. (A) The key secondary outcome time to clinical improvement compared in the CCP subgroup that received a low cumulative amount of
neutralizing units (red line), the CCP subgroup that received a high cumulative amount of neutralizing units (blue line), and the control group (green line).
Censored patients are indicated by “+". P = 0.0496 (log-rank test, high amount vs. control group). (B) Probability of overall survival compared in the CCP
subgroup that received a low cumulative amount of neutralizing units (red line), the CCP subgroup that received a high cumulative amount of neutralizing
units (blue line), and the control group (green line). Censored patients are indicated by “+". P = 0.02 (log-rank test, high amount vs. control group). (C) Prob-
ability of discharge from hospital compared in the CCP subgroup that received a low cumulative amount of neutralizing units (red line), the CCP subgroup
that received a high cumulative amount of neutralizing units (blue line), and the control group (green line). Censored patients are indicated by “+". P = 0.03
(log-rank test, high amount vs. control group). (D) Probability of discharge from ICU compared in the CCP subgroup that received a low cumulative amount
of neutralizing units (red line), the CCP subgroup that received a high cumulative amount of neutralizing units (blue line), and the control group (green
line). Censored patients are indicated by “+". P = 0.04 (log-rank test, high amount vs. control group).

between symptom onset and first CCP transfusion was 8 days
(IQR 3.0-10.0 days). A subgroup analysis by the time between
onset of symptoms and first transfusion did not demonstrate a
significant difference in the primary outcome and the secondary
efficacy outcomes. This does not contradict the conclusion from
other trials (3, 14, 27), since this trial was not powered to detect an
impact of CCP timing on outcome. (e) The sample size calculation
was based on the assumption that the primary outcome would be
met by 40% of patients in the control group and 70% in the CCP
group. In retrospect, this was an overestimated effect size and the
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study might have been underpowered. This limitation also applies
to sample sizes of the subgroup analyses. The outcomes time to
clinical improvement, time to hospital discharge, and overall sur-
vival show a consistent signal of better outcome in the CCP group.
An improvement less than assumed in the sample size calculation
for this clinical trial could still be clinically meaningful but would
require a larger sample size.

In conclusion, among hospitalized adult patients with severe
COVID-19, CCP added to standard therapy compared with stan-
dard therapy alone did not result in a statistically significant
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improvement of the primary outcome, i.e., survival free of venti-
lation support on day 21 and the key secondary outcome time to
clinical improvement. Frequency and severity of adverse events
did not differ between treatment groups. The consistent trend
for a benefit across all primary and secondary outcomes among
patients who received a higher amount of neutralizing antibodies
provides a signal that better outcomes can be achieved by high-
dose CCP treatment combining very high titers of neutralizing
antibodies with high CCP volumes. This should be addressed in
further studies that focus on highly selected CCP with very high
SARS-CoV-2 antibody titers.

Methods

Design. This was a multicenter, open-label randomized clinical trial
to evaluate the efficacy and safety of CCP added to standard therapy
(CCP group) versus standard therapy alone (control group) in hospital-
ized patients with COVID-19 (Figure 1). Patients in the control group
with progressive COVID-19 on day 14 were eligible to switch to treat-
ment with CCP (crossover group).

Patients. A total of 106 patients were recruited from 13 hospitals in
Germany in the period from August 30, 2020, to December 24, 2020.
Follow-up was completed on February 23, 2021.

Inclusion criteria were (a) SARS-CoV-2 infection confirmed by
PCR (bronchoalveolar lavage, sputum, nasal and /or pharyngeal swab);
(b) age 218 years and <75 years; (c) severe disease defined by at least
1 of the following: (i) respiratory rate 230 breaths/min under ambient
air, (ii) requirement of any type of respiratory support (defined as sup-
plemental oxygen, noninvasive or invasive ventilation, or ECMO), (iii)
need of treatment on ICU; and (d) written informed consent by patient
or representative.

Exclusion criteria were (a) accompanying diseases other than
COVID-19 with an expected survival time of less than 12 months;
(b) previous treatment with any SARS-CoV-2 convalescent plasma;
(c) opinion of the clinical team that progression to death is imminent
and inevitable within the next 48 hours, irrespective of the provision
of treatment; (d) interval >72 hours since start of mechanical ven-
tilation; (e) not considered eligible for extracorporeal oxygenation
support; (f) chronic obstructive pulmonary disease, stage 4; (g) lung
fibrosis with usual interstitial pneumonia pattern in CT and severe
emphysema; (h) chronic heart failure NYHA >3 and/or preexisting
reduction of left ventricular ejection fraction to <30%; (i) shock of
any type requiring 20.5 pug/kg/min noradrenaline (or equivalent) or
requiring more than 2 types of vasopressor medication for more than
8 hours; (j) liver cirrhosis Child C; (k) liver failure: bilirubin greater
than 5 x upper limit of normal (ULN) and elevation of alanine trans-
aminase/aspartate transaminase (at least one greater than 10 x
ULN); (1) any history of adverse reactions to plasma proteins; (m)
known deficiency of IgA; (n) pregnancy; (o) breastfeeding (women);
(p) volume overload until sufficiently treated; and (q) participation in
another clinical trial with an investigational medicinal product.

None of the patients had received SARS-CoV-2 vaccination. None
of'the patients had a hematological malignancy, had received an organ
transplant, or was on immunosuppressive agents (e.g., CD20 antibod-
ies) other than corticosteroids (see Table 1, concomitant medication)
or azathioprine (n =1).

Randomization. Patients (n = 105) were randomized using a
Web-based system with a stratified 1:1 allocation ratio between
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each stratum (Figure 1). Patients were stratified prior to permutated
block randomization by presence or absence of ventilation support,
ECMO, or ICU treatment.

Sample size calculation. Sample size calculation was based on an
a error of 0.05, a power of 0.8, a 2-sided comparison, and an expected
improvement of the primary outcome from 40% (control) to 70%
(CCP). This resulted in a patient number of 48 patients per arm cal-
culated by means of a Fisher’s exact test. Assuming a dropout rate of
10%, the overall number per arm was 53 patients. Sample size cal-
culation was performed with G*Power version 3.1.9.4 (https://www.
apponic.com/developer/heinrich-heine-university-44943/).

Crossover from control group to CCP treatment. Clinical condition
in all patients was evaluated on day 14. In case of progression on day
14 compared with baseline, patients in the control group could receive
CCP. A patient switching to CCP on day 14 was considered as having
failure of the primary outcome. Detailed criteria of progress for the
crossover decision are described in Supplemental Methods.

SARS-CoV-2 antibody assays. A plaque reduction neutralization
test (PRNT) and an ELISA for the detection of IgG and IgA against the
spike protein of SARS-CoV-2 were performed as previously described
(21, 32, 33). Details are described in Supplemental Methods.

Convalescent plasma transfusions and standard treatment. Patients
who had recovered from SARS-CoV-2 infection were recruited as donors.
CCP was collected by plasmapheresis with a median collection volume
of 850 mL. The target volume of the CCP units was 250-325 mL. The
majority of donors had a mild or moderate course of COVID-19. Titers of
neutralizing antibodies were measured by a PRNT, and CCP contained
a PRNTS50 titer of at least 1:20. A series of 144 donors (41% female, 59%
male; median age 40 years) who were not vaccinated against SARS-
CoV-2 underwent 319 plasmapheresis procedures, providing a median
collection volume of 850 mL and a mean number of 2.7 therapeutic
units per plasmapheresis. The detailed characterization of CCP donors
and products has been reported elsewhere (34). The allocation of CCP
to a recipient was based on the following criteria, provided availability:
ABO-identical units, all 3 CCP units for a patient from 1 donor. If avail-
ability of CCP did not allow transfusion of ABO-identical plasma, minor
compatible units were also used, i.e., donor plasma did not contain iso-
agglutinins directed against ABO antigen(s) present on the recipient’s
red blood cells, e.g., plasma from a type AB donor transfused to a type A
recipient. When all criteria were met, readily available products with the
highest PRNT50 titers were chosen.

The administration of CCP should commence within 1 day
after randomization. One transfusion unit each of CCP was given
on days 1, 3, and 5. Since the total amount of neutralizing antibod-
ies depends on both the volume and the antibody titer of CCP, we
used “neutralizing units” to take into account both variables. One
neutralizing unit was arbitrarily defined as 1 mL of CCP with a
PRNT50 titer of 1:20. The neutralizing units of a CCP transfusion
unit were then calculated by dividing the titer by 20 and multiply-
ing by volume (milliliters). In the CCP subgroup that had received a
low cumulative amount of neutralizing antibodies, the median titer
of transfused plasma units was 1:80 and the mean titer was 1:115. In
the CCP subgroup that had received a high cumulative amount of
neutralizing antibodies, the median titer of transfused CCP units
was 1:320 and the mean titer was 1:396 (Supplemental Figure 1B).

Patients in the crossover group also received 1 unit of CCP on 3
days (day 15, 17 and 19).
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Patients in both groups received other antiviral treatment and/or
supportive treatment according to institutional standard procedures.

Outcome measures. The primary outcome of the CAPSID trial (to
be interpreted as “treatment success”) was assessed on day 21 after
randomization and is a dichotomous composite outcome of survival
and no longer requiring ventilation support or ICU treatment and no
tachypnea (i.e., respiratory rate <30 breaths per minute) on day 21.
Key secondary outcomes were the time to clinical improvement and
the frequency and severity of adverse events (AEs). The key second-
ary outcome time to clinical improvement was defined as an increase
by at least 2 points on the ordinal severity scale (35). Patients without
documented improvement were censored at last follow-up. The scale
was defined as follows: 0, no clinical or virological evidence of infec-
tion; 1, ambulatory without limitation of activities; 2, ambulatory with
limitation of activities; 3, hospitalized without oxygen therapy; 4, hos-
pitalized with supplemental oxygen by mask or nasal prongs; 5, hospi-
talized, noninvasive ventilation or high-flow oxygen; 6, hospitalized,
intubation and mechanical ventilation; 7, hospitalized, ventilation and
additional organ support (vasopressors, renal replacement therapy, or
ECMO); 8, death. Further secondary outcomes were mortality, dura-
tion of ventilation support, time to discharge from ICU, time to hospital
discharge, and time until negative SARS-CoV-2 PCR from a nasopha-
ryngeal swab. Case fatality rate at days 21, 35, and 60 was calculated
by the number of dead patients divided by the total number of cases
at the corresponding point in time. Survival time was time from ran-
domization to death in days. Patients not known to have died were cen-
sored at last follow-up. Duration of ventilation support was the sum of a
patient’s single duration of ventilation support and /or ECMO episodes.
An episode is defined as the first documentation of a need for nonin-
vasive ventilation or invasive ventilation until the next documentation
indicating that no ventilation support (mechanical ventilation, contin-
uous positive airway pressure ventilation, high-flow oxygen, noninva-
sive ventilation) is needed anymore. Supplemental oxygen (by mask/
nasal prongs) in the weaning period was not considered as ventilation
support for this analysis. Length of stay in ICU was defined as interval
from the date of randomization to the first date of discharge from the
ICU in days. Patients for whom no discharge from ICU was document-
ed were censored at last follow-up. Patients who never entered the ICU
were not included in the analysis of the endpoint discharge from ICU.
Length of stay in hospital was defined as interval from the date of ran-
domization to the date of hospital discharge (or death) in days. Patients
for whom no hospital discharge was documented were censored at last
contact. Time until negative SARS-CoV-2 PCR was defined as interval
from randomization to first negative SARS-CoV-2 PCR. Patients not
known to have a negative result were censored at last follow-up. Fre-
quency of AEs was defined as a patient’s total number of documented
AEs. Severity of AEs is given as the NCI-Common Terminology Crite-
ria for Adverse Events grade. To determine a patient’s worst outcome of
an AE, outcomes were ranked as follows: “resolved,” “ongoing /resolv-

ing,n «

” « ” «

resolved with sequelae,” “unknown,” “missing,” and “death.”
Statistics. All patients were considered for the intention-to-treat
(ITT) analysis independently of how they actually conducted the trial
until assessment of the primary outcome (day 21).
Nominal and ordinal variables were analyzed by means of abso-
lute frequencies and percentages. Missing values were considered as a
separate category. Continuous variables are described by presentation

of the median and interquartile range (IQR) for the total number of
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patients who contributed values. For PRNT50, the geometric mean
and variance and 95% confidence intervals (Cls) are presented. The
primary outcome was analyzed using Fisher’s exact test comparing the
treatment success rates in both treatment groups. A 2-sided P value of
less than 0.05 is considered statistically significant. Since the primary
outcome is the only confirmatory outcome for this study, an adjustment
of the type 1 error due to multiple testing is not required. All other P
values are fully explorative. Secondary outcomes were analyzed using a
Kaplan-Meier estimation approach. Patients who died during observa-
tion without reaching the secondary outcome were censored as if they
had reached the end of observation to account for the competing risk
setting. Predefined subgroup analyses compared outcome measures
in patients with low or high amounts of neutralizing units transfused
(cumulative neutralizing units of all transfused CCP products equal to
or below the median or above the median) and in subgroups with low or
high inflammation. Baseline values of C-reactive protein (CRP), IL-6,
and ferritin at baseline were compared with their respective median
within the total ITT population, and patients were allocated by the
following rules: (a) at least 2 non-missing values of inflammation
markers below or equal to the median: “low inflammation markers”;
(b) at least 2 non-missing values above the median: “high inflamma-
tion markers”; (c) only 2 of the 3 inflammation markers available and
1 below and 1 above the median: “intermediate inflammation mark-
ers”; (d) all values missing: “missing.” The descriptive statistics of
baseline laboratory values are presented in Table 2. The proportion of
patients in the CCP group and the control group with concentrations
of the inflammation markers ferritin, CRP, and IL-6 above the median
(“high”) or equal to and below the median (“low”) is summarized in
Supplemental Table 10.

Post hoc analyses were added to compare outcome in patients
with presence or absence of neutralizing antibodies at baseline and
patients with or without invasive ventilation at baseline.

No imputation was necessary for primary outcome. Missing data
for secondary outcomes and AEs were not imputed. All statistical
analyses were performed according to the statistical analysis plan
using SAS (version 9.4M6 or newer; www.sas.com). The analysis for
this article is based on an interim data cutoff on April 28, 2021.

Study approval. The trial was approved by the Federal Authority
Paul-Ehrlich-Institute (Langen, Germany) and by the ethics committee
of the University of Ulm and the ethics committees of the participating
hospitals. The trial is registered at EudraCT (2020-001310-38) and
ClinicalTrials.gov (NCT04433910). Written informed consent was
obtained from all study participants or their legal representatives.
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