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Abstract

Background: The efficacy of early treatment with convalescent plasma in patients with COVID-19 is debated. Noth-
ing is known about the potential effect of other plasma components other than anti-SARS-CoV-2 antibodies.

Methods: To determine whether convalescent or standard plasma would improve outcomes for adults in early phase
of Covid19 respiratory impairment we designed this randomized, three-arms, clinical trial (PLACO COVID) blinded on
interventional arms that was conducted from June 2020 to August 2021. It was a multicentric trial at 19 Italian hospi-
tals. We enrolled 180 hospitalized adult patients with COVID-19 pneumonia within 5 days from the onset of respira-
tory distress. Patients were randomly assigned in a 1:1:1 ratio to standard of care (n=60) or standard of care + three
units of standard plasma (n=60) or standard of care + three units of high-titre convalescent plasma (n=60) admin-
istered on days 1, 3, 5 after randomization. Primary outcome was 30-days mortality. Secondary outcomes were: inci-
dence of mechanical ventilation or death at day 30, 6-month mortality, proportion of days with mechanical ventila-
tion on total length of hospital stay, IgG anti-SARS-CoV-2 seroconversion, viral clearance from plasma and respiratory
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intention-to-treat principle.

acute respiratory failure.

tract samples, and variations in Sequential Organ Failure Assessment score. The trial was analysed according to the

Results: 180 patients (133/180 [73.9%] males, mean age 66.6 years [IQR 57-73]) were enrolled a median of 8 days
from onset of symptoms. At enroliment, 88.9% of patients showed moderate/severe respiratory failure. 30-days
mortality was 20% in Control arm, 23% in Convalescent (risk ratio [RR] 1.13; 95% confidence interval [Cl], 0.61-2.13,
P=0.694) and 25% in Standard plasma (RR 1.23; 95%Cl, 0.63-2.37, P =0.544). Time to viral clearance from respiratory
tract was 21 days for Convalescent, 28 for Standard plasma and 23 in Control arm but differences were not statistically
significant. No differences for other secondary endpoints were seen in the three arms. Serious adverse events were
reported in 1.7%, 3.3% and 5% of patients in Control, Standard and Convalescent plasma arms respectively.

Conclusions: Neither high-titer Convalescent nor Standard plasma improve outcomes of COVID-19 patients with

Trial Registration Clinicaltrials.gov Identifier: NCT04428021. First posted: 11/06/2020
Keywords: COVID-19 therapy, COVID-19 convalescent plasma, COVID-19 outcomes, Randomized clinical trial

Background

Given the lack of evidence for effective treatment of
COVID-19 during the first wave of pandemic, empirical
and historical interventions have re-emerged as options
for the control of the disease. That is the case of conva-
lescent plasma, which has been considered an emer-
gency intervention in several pandemics [1-5]. Initially
available observational or control matched studies on
COVID-19 patients were encouraging, suggesting that
COVID-19 Convalescent Plasma (CCP) could reduce
mortality, improve clinical outcomes, and confirming its
safety [6—13]. The majority of those studies suggested
that treatment in early phases of infection and high titer
antibodies could represent the keys for its efficacy. How-
ever, at the time the current trial was designed, it had not
been investigated whether the potential efficacy of CCP
could be attributable only to its specific antibody content
or if other substances in plasma, as anti-inflammatory
cytokines and natural or acquired antibodies, could exert
positive immunomodulation effects. Thus, due to toler-
ability and potential benefits at that time, we designed a
3-arms randomized trial to explore the effectiveness of
high titer CCP or Standard Plasma (SP) in early phases
of infection as therapeutic options to add to Standard of
Care (SC) to control short and long-term progression of
the disease.

Preliminary results on 14-days mortality of control
and COVID-19 Convalescent Plasma arms have been
included in an international metanalysis on published,
unpublished and ongoing randomized trials all over the
world [14].

Methods

This study was a randomized, three-arms, blinded on
interventional arms, multicentric trial conducted at 19
hospitals (listed in the Study Protocol in Additional file 1)

in Piedmont and Valle d’Aosta Regions (North-Western
Italy).

An independent Data and Safety Monitoring Commit-
tee was settled to verify study protocol, trial conduction
and perform an interim analysis to assess safety and effi-
cacy at 40% of enrolment. The authors take full responsi-
bility for the design, conduct, and analysis of the trial in
adherence to the study protocol and guarantee the accu-
racy and completeness of the data.

Hospitalized adults (age>18 yrs) with a reverse-tran-
scriptase—polymerase-chain-reaction (RT-PCR) con-
firmed SARS-CoV-2 infection on a nasopharyngeal swab
or bronchoalveolar lavage, and a radiologically confirmed
pneumonia with a respiratory impairment onset within
five days were eligible for enrollment.

Exclusion criteria were: pregnancy, previous severe
reactions to plasma infusion, and unavailability of ABO
compatible CCP.

After assessing eligibility and availability of ABO com-
patible CCP, treating physicians informed hospitalized
patients about the trial protocol and asked to sign a writ-
ten informed consent. Those who accepted, after enter-
ing the baseline data on EPICLIN (https://new.epiclin.it/
it/placo/), a website-based platform, were automatically
stratified by severity of respiratory impairment in three
groups:

+ mild: partial pressure of oxygen (PaO2)>60 mmHg
in ambient air (aa) with non-invasive supplemental
oxygen

» moderate: PaO2<60 mmHg in aa in non-invasive
ventilation (NIV) or in Continuous Positive Airway
Pressure (CPAP)

+ severe: suspected or confirmed acute respiratory dis-
tress syndrome (ARDS) in CPAP or mechanical ven-
tilation (MV) £ Extra Corporeal Membrane Oxygen-
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ation (ECMO). ARDS (according to Berlin definition)
was suspected when a rapid reduction of PaO2/FI02
towards 300 mmHg was observed.

and then randomized in a 1:1:1 ratio according to a
computerized generated sequence (for details on rand-
omization see the Study Protocol available in the online
version—see Supplementary Information). Study flow
is presented in Fig. 1.

The trial used a blinded interventional arm design.
The web-based random procedure was unpredictable
by all those involved in the study, who received only the
assignment either to the standard arm or to the experi-
mental arms with plasma. Only the transfusion Cent-
ers knew the type of plasma (SP or CCP) assigned to
patients in the experimental arms. They were responsi-
ble for blinding the three plasma bags (SP or CCP) and
accompanying certificates, with black tags reporting
“TRIAL PLASMA”.

Participants were randomized to receive either Stand-
ard of care or SC+three units of Standard Plasma (SP)
collected in the pre-COVID-19 era (before September
2019), or SC+ three units of high-titre CCP.
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The SC was not strictly defined, but the trial proto-
col recommended to follow national or international
updated guidelines for COVID-19. CCP was collected
in May and June 2020 from donors recovered from
first-wave COVID-19 infection, when the predominant
variant in our area was the 20A S614G lineage (https://
clades.nextstrain.org/). The plasma units were adminis-
tered on days 1, 3, and 5 after randomization. Plasma
infusion was discontinued whether a severe life-threat-
ening reaction to transfusion happened or in case of
withdrawal of written consent for any reason.

97% of the units used in the trial had IgG anti-SARS-
CoV-2>40 Arbitrary Units (AU)/ml by a quantitative
Chemiluminescence-Immunoassay (CLIA) (LIAISON®
SARS-CoV-2 S1/S2 IgG) showing to be concordant
with Plaque Reduction Neutralization Test (PRNT):
40AU/ml=PRNT titer >1:80. The three doses (100—
300 ml each) of CCP were chosen possibly from dif-
ferent donors to reach a total median administered
amount of 70.000 AU of neutralizing antibodies.

A detailed description of COVID-19 convalescent
donors and of CCP process methods are presented in
Additional file 1.

Assessed for Eligibility (n=180)

A\ 4
Analysed for 30 days and 6

months mortality (n=60)
Excluded from analysis (n=0)

l

Analysed for 30 days and 6
months mortality (n=60)
Excluded from analysis (n=0)

Excluded
(n=0)
Allocated to SC Allocated to SP Allocated to CCP
(n=60) (N=60) (N=60)
Received allocated intervention Received allocated intervention Received allocated intervention
(n=60) (n=60) (n=59)
Did not receive allocated intervention Did not receive allocated intervention Did not receive allocated intervention (*)
(n=0) (n=0) (n=1)
Lost to follow-up Lost to follow-up Lost to follow-up
(n=0) (n=0) (n=0)
Discontinued intervention Discontinued intervention (**) Discontinued intervention (***)
(n=0) (n=4) (n=5)

l

Analysed for 30 days and 6
months mortality (n=60)
Excluded from analysis (n=0)

Fig. 1 Study flow with patients enrolled, randomized and analyzed for primary endpoint. SC: Standard of Care therapy (control arm). SP: Standard
Plasma (experimental arm). CCP: Covid-19 Convalescent Plasma (experimental arm). *The patient withdrew the consent the day after randomization
before starting treatment. **Four patients died after second SP infusion. ***2 patients died after first and 2 after second CCP infusion, 1 patient
withdrew the consent after second infusion because of a moderate allergic reaction
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The primary outcome was 30-days mortality rate.

Secondary outcomes were: incidence of mechanical
ventilation (MV) or death at day 30, 6-month mortality
rate, proportion of days with MV (originally defined as
days in ICU) on total length of hospital stay, propor-
tion of patients showing seroconversion to IgG anti-
SARS-CoV-2, viral clearance by RT-PCR on plasma and
respiratory tract samples, and variations in Sequential
Organ Failure Assessment (SOFA) score from randomi-
zation, with assessments on day 2, 4, 6, 10, 14, 21, 28 or
until discharge or death. Laboratory methods of SARS-
CoV-2 RNA extraction and quantitation, and SOFA
score are described in Additional file 1.

Complete data were not available for the other end-
point defined in the protocol (proportion of patients
with drug treatment modification).

Safety outcome was the proportion of patients devel-
oping any Adverse Events (AEs) assessed daily from
randomization to day 30 or discharge or death. Defini-
tion of AEs is reported in Additional file 1, as well as
complete participant timeline for blood tests and clini-
cal parameters to be reported on daily Case Report
Forms.

The study design involves comparing each of the two
experimental arms with the control without correc-
tion for multiplicity [15]. We calculated a sample size
of 180 patients (58 per arm, rounded to 60) to assess a
reduction from 25 to 10% of 30-days mortality (primary
endpoint), with an alpha error (1-tail) of 0.10 and a sta-
tistical power of 80%.

The trial was analysed according to the intention-to-
treat principle.

The comparisons of the proportion of deaths and
of MV or death at 30 days and proportion of deaths at
6 months were stratified (by the severity of respiratory
failure) and estimated in terms of RR with a Mantel—
Haenszel Chi-square test. A secondary analysis, adjusted
for the stratification criterion and few unbalanced criti-
cal prognostic factors (age, sex, BMI, CCI, blood group),
was conducted with a Poisson regression model to esti-
mate adjusted RRs. Subgroup analyses for the primary
endpoint were performed, including in the same model
the interaction terms between treatment arms and the
following variables: (a) planned: stratification level, age
group (<65; 65-74; 75+ years), sex, and (b) exploratory:
blood group (A vs others), days from symptom onset to
randomization (0-5, 6-10,>11) and the viraemic and
serologic test results (positive, negative) at baseline.
Cumulative incidence of virus clearance from plasma and
respiratory tract samples and seroconversion to IgG anti-
SARS-CoV-2 were compared in terms of sub-distribution
Hazard Ratios (sHR) with Fine and Gray models, consid-
ering death or discharge as competing events.
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We compared the percentage of MV days using an
ordinal logistic model and variations of serum IgG anti-
SARS-CoV-2 levels and SOFA scores during hospitaliza-
tion using generalized linear mixed models for repeated
measures. Statistical analyses were performed with SAS
v. 9.4 and STATA v.15.

Results

From June 2020 to February 2021, 180 patients (73.9%
males) were enrolled in the trial, the majority between
October 2020 and January 2021, during the second pan-
demic wave; follow-up ended in December 2021. Demo-
graphic, clinical characteristics and treatment at baseline
of the enrolled patients are listed in Table 1. The median
age was 66.6 years (IQR 57.0-73.0). Most patients (88.9%)
showed moderate to severe respiratory failure at enroll-
ment, with a mean SOFA score of 2.99 (SD 1.66).

The three arms were well balanced for COVID-19
related variables, with some unbalances for age, sex, BMI
and blood groups.

The mean amount of IgG anti-SARS-CoV-2 admin-
istered to a single patient with three doses of CCP was
93,431 AU, comparable to three 350 ml units with a
PRNT >1:160. 56/60 patients (93.3%) in the SP arm and
54/60 (90%) in the CCP arm completed plasma infu-
sion. Eight patients (four in each experimental arm) died
within day 5 (2 deaths after the first infusion in CCP arm
and 6 deaths after the second infusion: 4 in the SP arm
and 2 in CCP arm). Furthermore, in the CCP arm, two
patients withdrew consent for infusion, one, the day after
enrollment, before the first infusion and one after the
second infusion, because of a moderate allergic reaction.

Overall, with 41 deaths out of 180, the overall 30-days
mortality rate was 22.8% (95%CIL: 17.3-29.4), with
increasing risks according to the severity of respiratory
failure at enrollment (mild: 10%, intermediate: 13.7% and
severe: 40%).

In comparison with patients treated with SC, who
experienced a 30-days mortality of 20%, no reductions
were seen for patients treated with CCP (23.3%; RR
1.13; 95%CI, 0.61-2.13, P=0.694) or with SP (25.0%;
RR 1.23; 95%CI, 0.63-2.37, P=0.544) (Fig. 2A and
Table 2). These results were confirmed with a multivari-
able model including age, sex, BMI, CCI, blood group,
and the stratification variable (severity of respiratory
failure) (Additional file 1: Table 1s) as well as by sub-
group analyses (Fig. 3).

Incidence of the composite endpoint of MV or death
within 30 days was not improved in the experimental
arms compared to SC (Fig. 2B and Table 2).

At 6 months, with 46 deaths out of 180, the overall
mortality rate was 25.6% (95%CI 19.7-32.4). In compar-
ison with patients treated with SC, no clear differences



Manzini et al. BMC Infectious Diseases (2022) 22:879 Page 5 of 14

Table 1 Demographic and clinical characteristics of patients and standard drug therapy at baseline

Standard of Care SC + Standard Plasma SC+COVID-19 Total (N=180)
(SC) (N=60) (N=60) Convalescent Plasma
(N=60)
Sex—no (%)
Males 40 66.7 47 783 46 76.7 133 739
Females 20 333 13 217 14 233 47 26.1
Age (years)—no (%)
<55 Il 18.3 13 217 1 18.3 35 194
55-64 14 233 12 20.0 18 30.0 44 244
65-74 24 40.0 20 333 21 35.0 65 36.1
75+ 1 183 15 250 10 16.7 36 20.0
Median—(IQR) 67.5 (58.5-72.0) 67.0 (56.5-74.5) 65.0 (57.5-73.0) 66.6 (57.0-73.0)
Charlson Comorbidity Index—no (%)
0 34 56.7 36 60.0 31 517 101 56.1
1 12 20.0 10 16.7 19 317 41 228
2-3 8 133 9 15.0 9 15.0 26 144
4+ 6 10.0 5 83 1 1.7 12 6.7
Comorbidities—no (%)
Cardiovascular diseases 9 15.0 10 16.7 14 233 33 183
Cerebrovascular diseases 3 50 1 1.7 1 1.7 5 2.8
Chronic pulmonary diseases 3 50 8 133 3 50 14 7.8
Diabetes 9 15.0 1 183 9 15.0 29 16.1
Chronic kidney diseases 1 1.7 4 6.7 1 1.7 6 33
Liver diseases 2 33 1 1.7 1 1.7 4 22
Previous neoplasia 7 1.7 5 83 6 10.0 18 10.0
Hypertension 25 41.7 24 40.0 20 333 69 383
Solid organ transplant 1 1.7 1 17 2 33 4 2.2
Body Mass Index—no (%)
<25 19 31.7 15 250 14 233 48 26.7
25-29 27 45.0 27 450 29 483 83 46.1
30+ 10 16.7 14 233 16 26.7 40 22.2
n.d 4 6.7 4 6.7 1 1.7 9 50
Blood group—no (%)
N/A 4 6.7 4 22
0 27 45.0 28 46.7 26 433 81 450
A 23 383 25 41.7 30 50.0 78 433
AB 1 1.7 2 33 1 1.7 4 22
B 5 83 5 83 3 5.0 13 7.2
Onset of symptoms—days
0-5 16 267 16 26.7 15 250 47 26.1
6-10 21 350 23 383 25 41.7 69 383
11+ 22 36.7 20 333 20 333 62 344
Median (IQR)—days 9(5-12) 8(5-12) 8 (6-11,5) 8(5-12)
Symptoms at onset—no (%)
Fever 52 86.7 46 76.7 48 80.0 146 81.1
Cough 35 583 31 51.7 33 55.0 99 55.0
Exertional Dyspnea 34 56.7 29 483 28 46.7 91 50.6
Nausea/ Diarrhea 9 15.0 7 1.7 6 10.0 22 12.2
Fatigue 9 15.0 12 20.0 12 20.0 33 183
Myalgia 7 17 8 133 10 167 25 139
Anosmia/Ageusia 4 6.7 7 1.7 7 1.7 18 10.0




Manzini et al. BMC Infectious Diseases (2022) 22:879 Page 6 of 14
Table 1 (continued)
Standard of Care SC + Standard Plasma SC+COVID-19 Total (N=180)
(SC) (N=60) (N=60) Convalescent Plasma
(N=60)
Others 7 1.7 5 83 2 33 14 7.8
Onset of respiratory failure—days
0-1 21 350 19 317 21 350 61 339
2-3 28 46.7 31 517 28 46.7 87 483
4-5 1 18.3 10 16.7 Il 18.3 32 17.8
Median (IQR)—days 2(1-3) 2(1-3) 2(1-3) 2(1-3)
Degree of respiratory failure—no (%)
Mild 7 1.7 6 10.0 7 1.7 20 1.1
Moderate-severe 32 533 32 533 31 51.7 95 52.8
Severe 21 35.0 22 36.7 22 36.7 65 36.1
Oxygen supplementation devices—no (%)
Low flow nasal cannula 2 33 6 10.0 9 150 17 94
Venturi Mask % reservoir 12 20.0 7 1.7 8 13.3 27 15.0
High flow nasal cannula 4 6.7 3 50 1 1.7 8 44
NIV/CPAP 38 63.3 44 733 41 68.3 123 68.3
Mechanical Ventilation 4 6.7 1 1.7 5 28
SOFA score—mean (SD) 3.1(1.80) 2.96 (143) 29(1.74) 2.99 (1.66)
Plasma SARS-CoV-2 RNA—no (%)
Negative 18 30.0 19 31.7 16 26.7 53 29.44
Positive 42 70.0 41 68.3 44 733 127 70.6
Plasma IgG anti SARS-CoV-2—no (%)
Negative 20 333 19 31.7 29 483 68 378
Positive 40 66.7 41 68.3 31 517 112 62.2
Median IgG anti-SARS-CoV-2— 40.1 (6.1-89.8) 204 (9.7-40.9) 15.8 (44-53) 226 (6.0-67.5)
median (IQR)
Treatments at enrolment—no (%)
Heparin 57 95.0 56 933 54 90 167 92.8
Glucocorticoids 56 933 59 98.3 54 90 169 939
Antibiotics 43 71.7 41 68.3 45 75 129 VAWA
Remdesivir 13 21.7 133 9 15 30 16.7
Tocilizumab 1 1.7 33 3 5 6 33
Other Immunosuppressants 2 33 1 17 3 5 6 33
Combinations
Heparin + glucocorti- 41 68.3 39 65.0 38 63.3 118 65.6
coids + antibiotics
Heparin + glucocorticoids 13 21.7 17 283 12 20.0 42 233
Glucocorticoids + antibiotics or 1 16 2 33 2 33 6 330
other drugs

IQR denotes Interquartile range. NIV indicates non-invasive ventilation, CPAP Continuous Positive Airway Pressure, SARS-CoV-2 severe acute respiratory syndrome

coronavirus 2, and SOFA Sequential Organ Failure Assessment

were seen for patients treated with SP (RR 0.98; 95%CI,
0.55-1.76, P=0.951) or with CCP (RR 0.85; 95%CI,
0.48-1.53, P=0.600).

Sixty-eight patients (38%) had undetectable IgG anti
SARS-CoV-2 at enrollment, 51 patients (28%) had an
antibody titer lower than that of CCP units (<40 AU/
ml), while 61 (34%) had an antibody titer>40 AU/
ml. Time to seroconversion was slightly shorter for

CCP (sHR 1.54) and SP (sHR 1.38), but the differences
between medians were minor (1 day) and statisti-
cally weak (Additional file 1: Figure 1sA). 127 patients
(70.6%) showed the presence of SARS-CoV-2-RNA by
RT-PCR in plasma samples at baseline and other 17
during follow-up. Viremia became negative in a median
time of 5 or 6 days (IQR 4-6), without differences
between arms (Additional file 1: Figure 1sB).
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0 5 15 20 25 30
Days from randomization
Number at risk
Standard of Care 55 46 43 41 40 40
Standard Plasma 60 47 38 37 36 35
Covid-19 Convalescent Plasma 59 50 42 Y| Y| 38
Standard of Care ———— Standard Plasma ---------- Covid-19 Convalescent Plasma

Fig. 2 Cumulative incidence of death (A) and mechanical ventilation or death (B) by treatment arm. *Risk ratio of 30-day mortality, stratified by
severity of respiratory impairment. **Risk ratio of 30-day mechanical ventilation or death, stratified by severity of respiratory impairment

Median time to viral clearance in the respiratory tract
was reached in a slightly shorter time in the CCP arm
(21 days) than in SC (23 days), but the difference was
not statistically sound (Additional file 1: Figure 1sC).

The median length of hospital stay for the entire
population was 15 days, slightly shorter in patients
who received CCP or SP than SC (14 and 15.5 vs 17.5,
respectively).

The proportion of days of MV on the total length of
hospital stay was 10.2%, without meaningful differences
between the three arms. A mean reduction from base-
line of — 0.70 (95% CI, 1.57-0.15, P=0.107) of the SOFA
score during hospitalization was recorded in patients in
the CCP arm compared to the SC arm. In contrast, no

apparent differences in IgG seroconversions between
arms were recorded (Additional file 1: Figure 2sA and B).

A descriptive analysis of the frequency and percentage
of patients with altered laboratory values at baseline and
during hospitalization (within 30 days since randomiza-
tion) and 30-day mortality, by treatment arm, is reported
in Additional file 1: Table 2s. As expected, for all the vari-
ables analysed, especially for D-Dimer and CRP, a strong
positive association between altered values and increased
mortality was evident.

Details of AEs are described in the Additional
file 1: Table 3s. We observed 4 AEs to plasma infusion,
2 in each arm. Severe AEs were: 3 pulmonary thrombo-
embolism, 1 massive cerebral hemorrhage during ECMO,
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A. Standard plasma vs control

Standard Standard P Value
of Care Plasma for
noftotalno  noftotal no RR (95% CI) Interaction
.
Sex . 0784
Male 8/40 12147 —é—o— 1.29 (0.57, 2.90)
Female 4120 313 : 1.04 (0.27, 4.02)
Age | 0.147
<65 4125 1125 : 0.26 (0.04, 1.76)
65-74 4124 7120 —:—o— 1.92 (0.66, 5.62)
75+ 411 715 —_— 1.31(0.45, 3.81)
Blood group E 0.527
A 5/23 5/25 ' 0.92 (0.30, 2.82)
Others 7137 10135 —_— 1.46 (0.61, 3.49)
Onset of symptoms E 0.495
0-5 days 4116 5/19 —_— 1.88 (0.65, 5.48)
6-10 days 522 4124 E 0.73(0.23, 2.36)
11+ days 3/22 3120 : 1.11(0.27, 4.61)
SARS-CoV-2 RNA . 0712
Negative 118 2119 : 1.81(0.22, 14.69)
Positive 11/42 13/41 —:—o— 1.20 (0.59, 2.42)
1gG anti-SARS-CoV-2 ' 0.332
Negative 6/20 5/19 _o—é— 0.82(0.29, 2.35)
Positive 6/40 10141 _— 163 (0.67, 3.96)
Severity of respiratory failure : 0.110
Mild* 17 0/6 :
Intermediate 3/32 8/32 . 2,67 (0.84, 8.50)
Severe 8/21 7122 —_— 0.84 (0.34, 2.03)
.
T T T 1 T T T
0.10 0.20 0.50 1.00 2.00 5.00 10.00
Standard Plasma Better Standard of Care Better
B. Covid-19 Convalescent plasma vs control
Covid-19
Standard ~ Convalescent P Value
of Care Plasma for
no/total no noftotal no RR (95% Cl) Interaction
Sex E 0.543
Male 8/40 12/46 —_— 1.27 (0.56, 2.88)
Female 4120 414 : 0.74 (0.16, 3.52)
Age : 0677
<65 4125 4129 o 0.96 (0.27, 3.39)
65-74 4124 7121 : 1.65 (0.54, 5.10)
75+ 411 3/10 T 0.79 (0.20, 3.07)
Blood group E 0.674
A 5123 5/30 - 0.94 (0.30, 2.92)
Others 7137 9/30 —i—o— 1.28(0.52, 3.18)
Onset of symptoms E 0.655
0-5 days 4116 7129 T 0.65 (0.14, 2.95)
6-10 days 5122 6125 : 1.13 (0.39, 3.28)
11+ days 3122 6121 . 1.60 (0.46, 5.56)
SARS-CoV-2 RNA E 0.329
Negative 118 316 : 2.72(0.38, 19.69)
Positive 11/42 11/34 —— 1.00 (0.48, 2.07)
1gG anti-SARS-CoV-2 ; 0.470
Negative 6/20 7129 —_— 0.85(0.32, 2.24)
Positive 6/40 7131 —E—o— 1.41(0.54, 3.72)
Severity of respiratory failure E 0.778
Mild g 17 + 1.00 (0.08, 12.39)
Intermediate 3/32 2/31 : 0.69 (0.14, 3.49)
Severe 821 11122 —_— 1.31(0.57, 3.00)
'
T T T 1 T T T
0.10 0.20 0.50 1.00 2.00 5.00 10.00
Covid-19 Convalescent Plasma Better Standard of Care Better

Fig. 3 Forest plot with subgroup comparisons of Standard plasma vs Control (A) and COVID-19 Convalescent plasma vs Control (B). *Not estimated
because no events were observed in Standard Plasma arm
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1 myocardial infarction, 1 iatrogenic pneumothorax
(reported in 1.7%, 3.3% and 5% of patients in Control, SP
and CCP arms respectively) and 41 deaths (for respira-
tory failure in all cases).

Discussion

At variance with most previous non randomized studies,
but in accordance with nearly all randomized controlled
trials, we failed to demonstrate any significant improve-
ment of relevant clinical outcomes adding COVID-19
convalescent plasma to the standard of care even though
we tried to anticipate as much as possible the treatment
and to use high doses of antibodies [10, 16—-28]. A trend
to a shorter length of hospital stays and a reduction in
MV incidence and duration through the hospital stay was
seen for CCP treatment, but differences were small and
statistically weak. Moreover, no improvement was seen
in outcomes by adding SP to SC, thus proving that anti-
inflammatory cytokines and natural or acquired anti-
bodies contained in standard plasma did not help in this
phase of COVID-19 disease.

Our inclusion criteria permitted enrollment within
5 days since onset of respiratory impairment that was
the shortest possible interval considering standards for
inpatients in our hospitals (patients were advised to
come to the hospital only if respiratory impairment was
present). This led to a median interval of 8 days (range
5-12) since the onset of symptoms. Clinical results of
our trial are in accordance with those of most rand-
omized controlled studies published to date [14, 17-19,
24, 26, 27, 29, 30], that showed no efficacy of CCP for
patients with comparable time since onset of symp-
toms. Different results, with a reduced risk of evolution
of the disease, have only been shown in a single ran-
domized trial [25] that used CCP within 3 days since
onset of symptoms, before pneumonia and its compli-
cations became clinically evident at variance with other
two more recent papers that failed to confirm the effi-
cacy of early use [22, 31]. Our subgroup analyses only
suggest a decreasing effect of CCP with increasing time
from symptom onset, but the evidence is weak.

In contrast to a randomized trial that was interrupted
because 79% of patients at enrollment were showing
comparable antibodies titers than CCP [18], in our
study only 34% of patients had antibodies titers higher
than the lower CCP antibody titers (40 AU/ml) so most
patients being in a very early phase of infection before
an immune response was appreciable. Nevertheless,
even in this early phase, when antibodies titers are not
yet raised, passive immunotherapy didn’t seem to play
a crucial role in shortening disease history, preventing
complication or ameliorating clinical outcomes.
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It has also been suggested that the titer of neutraliz-
ing antibodies plays a crucial role in the effectiveness
of CCP treatment [28]. Our trial neutralizing anti-
bodies total dose, even though no precise comparison
amongst trials can be made to date, can be considered
one of the highest administered in a randomized trial
so far. We enlarged the total volume of CCP adminis-
tered to patients compared to other studies (3 units).
All our plasma units were tested with an ELISA assay
that correlates with PRNT, and we estimated a mean
infusion of three 350 ml units with a PRNT >1:160. All
participants received plasma from at least two donors
(15 patients from 3 donors) trying to increase anti-
bodies heterogenicity. Furthermore, what differs from
other treatments is the attempt to standardize the total
amount of antibodies administered per patient. A mean
total dose of 93,000 AU of antibodies was adminis-
tered to patients in CCP arm. Nevertheless, no advan-
tage in outcomes was seen with this high dose strategy
compared to SC in this phase of the disease. In light
of suggestions from a recent paper [29] showing that
patients treated with high levels of anti-Spike protein
CCP showed worse outcomes, the ELISA test we used,
detecting anti-Spike-protein antibodies, despite the
excellent correlation with PRNT, could have selected
CCP with unfavorable antibody profile for COVID-19
patients’ treatment.

In our study, most enrolled patients (88.9%) were
affected by moderate to severe respiratory failure. This
selection reflects the greater propensity of physicians to
propose study participation to most severe than to mild
cases that could be considered a limit of our study. The
high prevalence of patients (80%) with detectable SARS-
CoV-2 viremia, one of the highest described in the liter-
ature, confirms the severity of the disease in our cohort
of patients. Our results confirm previous studies show-
ing worse outcomes and increased mortality in plasma
RNA + patients, irrespective of treatment [32-36]. Fur-
thermore, CCP did not increase the clearance of SARS-
CoV-2 viremia from plasma, indicating that passive
immunization does not play a key role for infection in
this phase of the disease.

A slightly faster clearance of virus from respiratory
tract samples was seen in CCP patients in accordance
with other data [6, 7, 16, 18]. Still, this difference was
not statistically sound and is of questionable clinical
relevance.

On the other side, no meaningful difference was seen in
our trial in number or types of AEs between three arms
of treatment confirming the safety of SP and CCP in this
subset of patients [37, 38]. The three cases of thrombo-
embolism observed in our trial, one in each treatment
arm, were not related to plasma infusion. With strict
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daily monitoring of possible AEs, our trial confirms that
this amount of plasma (mean=230 ml, equivalent to
3 ml per Kg) is neutral in terms of coagulation processes
in vivo, probably providing a balanced amount of proco-
agulants and anticoagulant factors.

The inclusion of a study arm with SP, the careful selec-
tion of CCP units to administer a comparable dose of
antibodies to all treated patients, the masking of the
plasma bags, the evaluation of SARS-CoV-2-RNA on
patients plasma and in the respiratory tract over time,
the strict monitoring of clinical data and the 6 months
follow-up represent the originality and the strengths of
our study. Due to the substantial expected benefits, the
relatively small sample size is the major limitation of our
study.

Conclusions

Our study supports the findings from almost all rand-
omized controlled trials that CCP does not offer mean-
ingful therapeutical advantages over standard care in
fighting against COVID-19 disease and its complications
after the onset of respiratory failure and confirms that
there is no reason to continue to use CCP in this subset
of patients. Furthermore, it underlines that SP and its
potential immune-modulatory effect has no impact on
this clinical condition.
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