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ABSTRACT
yperimmune plasma from patients convalescing from COVID-19
is a potential treatment for severe COVID-19 in other patients.
We conducted a multicenter, one-arm, proof-of-concept interven-
tional study. Patients with COVID-19 with moderate-to-severe acute res-
iratory distress syndrome, elevated C-reactive protein level and need
piratory distress syndzome, ‘reactive protein |
for mechanical ventilation and/or continuous positive airway pressure
were enrolled. One to three units (each of 250-300 mL) of hyperimmune
yPp
plasma (neutralizing antibody titer =1:160) were administered. The pri-
mary outcome measure was /-day hospital mortality. Secondary study
outcomes were PaO,/FiO,, changes in laboratory and radiological param-
Correspondence: eters, weaning from mechanical ventilation and safety of the interven-
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Introduction

At the end of 2019, a new coronavirus strain was report-
ed in the Chinese province of Wuhan and was named
2019-nCoV or SARS-CoV-2."* The rapid spread of infec-
tion by this virus and its resultant disease, COVID-19, in
western countries almost overcame the capacity of health
systems to respond, leading to high numbers of hospital-
ized people and deaths. There has been an inevitable lag
between the onset of the pandemic and the availability of
an effective therapy, and, as of today, no treatment has
been convincingly shown to be effective.*” Previous data
on the use of convalescent plasma during the SARS and
MERS epidemics suggest that antibodies could be passive-
ly transferred to patients by administering specific anti-
bodies contained in the plasma from recovered/convales-
cent subjects.”® A meta-analysis on the use of hyperim-
mune immunoglobulins in severe acute respiratory infec-
tions of viral etiology, published in 2014, concluded that
the technique is effective and safe, although well-designed
clinical trials were advocated.” At the time of designing
this study, there were very few studies in the literature
demonstrating the feasibility and efficacy of hyperim-
mune plasma in the SARS-CoV-2 pandemic, and all of
them reported small case series. Shen et al. described five
severely ill patients who showed an improvement in a
variety of signs and symptoms of COVID-19 after the
infusion of hyperimmune plasma.” In the same journal,
Roback and Guarner discussed the need for larger stud-
ies.” Duan and colleagues presented a study of ten severe-
ly ill COVID-19 patients;” the primary endpoint was safe-
ty. They demonstrated that all patients tolerated plasma
transfusion without severe adverse events and had
improvements in clinical symptoms and laboratory values
from day 3 after infusion.

On this background, we designed and conducted a
proof-of-concept, interventional, multicenter study to
determine the potential efficacy and safety of infusions of
hyperimmune plasma, obtained from convalescent
donors, in COVID-19 patients with respiratory failure and
lung infiltration at chest radiogram, hospitalized in the
participating Centers.

Methods

Design

This was a proof-of-concept, one-arm, multicenter interven-
tional study on the short-term (7 days) efficacy and safety of the
infusion of hyperimmune plasma in COVID-19 patients with
moderately to severely compromised respiratory function, accord-
ing to the Berlin score. It was hoped that the evidence collected
would help either to plan an informed large clinical trial or to dis-
miss the proposed treatment if irrelevant. The primary endpoint
of the study was 7-day mortality; secondary endpoints, all evalu-
ated at 7 days, were changes in respiratory function (PaO,/FO,
ratio), laboratory values (C-reactive protein, ferritin, lactate dehy-
drogenase, viral load) and radiological signs, as well as weaning
from mechanical ventilation (continuous positive airway pressure
[CPAP] and/or naso-tracheal intubation).

Setting and population

The study was conducted in two university hospitals and one
general hospital in northern Italy and was registered at clinicaltri-
als.gov as NCT 04321421. It was approved by the local ethical
committee on March 17, 2020 (n. 20200027967). Patients were
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enrolled between March 25, 2020 and April 21, 2020. Follow-up
was closed on April 28, 2020.

Eligibility criteria are summarized in Online Supplementary Table
S1. Data were entered into a database in REDCap hosted at the
Fondazione IRCCS Policlinico San Matteo (Pavia, Italy) and mon-
itored remotely for missing data. The schedule of assessments is
summarized in Online Supplementary Table S2. Mortality data from
a control cohort of 23 consecutive patients from the Pavia COVID
Registry, observed between March 10, 2020 and March 24, 2020
and satisfying the same entry criteria, were retrieved for compari-
son. These patients were observed for 7 days for comparison with
the trial cohort.

Selection of convalescent donors and hyperimmune
plasma

Male adults or females with no previous pregnancy who had
recovered from COVID-19 and had two consecutive negative
naso-pharyngeal swabs performed in the 7 to 30 days before
potential recruitment as donors were identified from the hospital
records; their suitability was assessed according to current Italian
guidelines and transfusion law.”” Their plasma was collected
using latest-generation cell separators (Trima Accel ~Terumo BCT
and Amicus —Fresenius Kabi). A plasma volume of about 660 mL
was collected during each procedure and immediately divided
equally into two bags using a sterile tubing welder. Plasma
pathogen reduction was performed with the INTERCEPT pro-
cessing system (Cerus Europe BV) or the Mirasol PRT System
(Terumo BCT, Lakewood, CO, USA). The collected units were
stored at a controlled temperature ranging from -40°C to -25°C.*
(see the Online Supplementary Material for further details).

Plasma infusion

Plasma was delivered ready-for-use by the Immunohematology
Service to the COVID Units and was administered to the patients
over 30 to 60 min, under supervision of the treating physician.

SARS-CoV2 RNA detection

Total nucleic acids (DNA/RNA) were extracted from 200 uL of
respiratory specimens. Clinical samples were pretreated with 1:1
ATL lysis buffer and the nucleic acids were extracted using the
QIAsymphony® instrument with a QIAsymphony® DSP
Virus/Pathogen Midi Kit (Complex 400 protocol) according to the
manufacturer’s instructions (QIAGEN, Hilden, Germany). Specific
real-time reverse transcriptase-polymerase chain reactions target-
ing RNA-dependent RNA polymerase and E genes were used to
detect the presence of SARS-CoV-2, in accordance with World
Health Organization guidelines™ and the protocol published by
Corman et al.”

SARS-CoV-2 microneutralization assay

The titer of neutralizing antibodies against SARS-CoV-2 was
determined using the following protocol”” Briefly, 50 uL of a
serum sample from each patient, starting from 1:10 in a serial 4-
fold dilution series, were added to two wells of a flat-bottomed
tissue culture microtiter plate (COSTAR, Corning Incorporated,
NY, USA), mixed with an equal volume of 50 TCID;, of a SARS-
CoV-2 strain isolated from a symptomatic patient. The plates
were incubated at 33°C in 5% CO,. The SARS-CoV-2 strain was
previously titrated to calculate the 50TCID, to be used in the test.
All dilutions were made in Eagle minimum essential medium with
addition of 1% penicillin, streptomycin and glutamine and 5
uL/mL of trypsin. After 1 h of incubation at 33°C in 5% CO,,
VERO E6 cells (VERO C1008 [Vero 76, clone E6, Vero E6]; ATCC®
CRL-1586"] were added to each well. After another 48 h of incu-
bation at 33°C in 5% CO,, the wells were stained with Gram crys-
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Table 1. Description of medical history, baseline symptoms and laboratory  continued from the previous column

findings.
Surviving  Deceased Deceased Deceased Neutralization titer 1:640 1:320 1:160
patients  Patient 1 Patient2 Patient 3 (first unit), n (%)
(1day) (5days) (6 days) 1:30 1(2)
Age (years), mean (SD) 62 (11) 68 86 80 :;gg ﬁ Egg
Male, n (%) 28 (65) F F F 1:640 6 (13)
BMI (kg/mz), mean (SD) 275 (6.6) 2.7 31.2 213 “Lopinavir/ritonavir (n=1); darunivir/ritonavir (n=16), darunavir/cobicistat (n=1). SD: standard
deviation; BMI: body mass index; ARDS: acute respiratory distress syndrome; COPD: chronic
Days of symptoms, mean (SD) 14 (7) 29 2 1 obstructive pulmonary disease; CPAP: continuous positive airway pressure; PaO,: partial pres-
Days of ARDS, mean (SD) 6 (3) 8 1 7 sure of arterial oxygen; FiO,: fraction of inspired oxygen; CRP: C-reactive protein; IQR:interquar-
tile range; LDH: lactate dehydrogenase.
Temperature (°C), mean (SD) 384 (0.5) 371 38.2 315
Comorbidities =2, n (%) 17 (39) 3 4 0
i 0
H?rpertensmn;n. ) 20 (46) Yes Yes No tal violet solution (Merck KGaA, 64271 Damstadt, Germany) plus
Diabetes, n. (%) 8(17) Yes Yes No 5% formaldehyde 40% m/v (Carlo ErbaSpA, Arese, Mllan, Italy)
Cardiovascular, n. (%) 6 (14) No No No for 30 min. The microtiter plates were then washed in running
Cerbrovascular, n. (%) 1(2) No No No water. Wells were scored to evaluate the degree of cytopathic
Neoplastic, n. (%) 7(16) Yes Yes No ef(fiect corrtlﬁared to that fof the vlirus contr(él. (lj%lue _srt;ining of lwells
indicates the presence of neutralizing antibodies. The neutralizin
COPDi - ,(%) ) 20) No No No titer was thepmaxirnum dilution wgith reduction of 90% of thi
Chronic kidney disease,n. (%) 4 (9) No Yes No cytopathic effect. A positive titer was defined as one equal or
Dyslipidemia, n (%) @ No No No greater than 1/10. Positive and negative controls were included in
Symptoms (prevalence =10%), n. (%) all test runs.
Fever 43 (100) Yes No Yes
Cough 29 (64) Yes No No Sample size
Fatigue 20 (46) Yes No Yes The first case of COVID-19 was diagnosed in Italy on
Diarrhea > (12) Yes No No February 20, 2020. Considering the hospitalization and mortali-
Myalgia ; ) 6 (14) No No No ty data retrieved from the Italian National Institute of Health on
Dyspnea (on mild exertion) 25 (58) Yes Yes No March 16,%% for benchmarking purposes, we used a conserva-
Dyspnea (at rest) 16 (37) No No Yes tive estimate of mortality of about 15% (i.e., a null hypothesis,
Concomitant treatment, n. (%) HO, of survival of 85%) in patients treated according to the stan-
Antiviral 18 (42) No No No dard of care, corresponding to the general COVID-related mor-
Antibiotics 36 (84) Yes No Yes tality in Italy. We expected the mortality to decrease to 5% (sur-
Hydroxychloroquine 37(86) Yes Yes Yes vival 95%; H1) with the proposed hyperimmune plasma infu-
Anticoagulant 42 (%) No Yes Yes sion. This being a proof-of-concept study, we used a one-sided
Oxygen support, n. (%) 43 (100) CPAP CPAP  High flow type I error of 10%. According to the one-stage Fleming design,
Intubation 7(16) 43 patients would give a power of more than 80% to reject HO.
CPAP 30 (70) If we were to observe at least 40 successes, the HO hypothesis
High flow > (12) could be rejected and we would consider proceeding with a
Low flow 1@2) future, larger trial. Three additional patients were enrolled to
Oxygen saturation (%), 94% (3) 97.2 92.5 924 allow for possible drop-outs.
mean (SD)
Pa0/Fi0,, mean (SD) 131 (47) 9 116 67 Statistical analysis
Berlin score, severe, n (%) 12 (30) Yes No Yes All continuous variables are summgnzed using the mean and
CRP (mg/dL), median (IQR) 107 27-172) 129 186 35 standard dev1at%on (SD) or the median and interquartile range
- (IQR). Frequencies and percentages are reported for all categorical
Ferritin (ug/L), 1102 (669-2231) 4919 1149 . measures. All enrolled patients who received a plasma infusion
median (IQR) constitute the analysis population.
LDH (wL), median (IQR) 470 (382-691) 580 572 480
Creatinine (mg/dL), 0.64 (0.57-097)  0.89 2.07 0.62 Primary endpoint
median (IQR) The observed mortality rate was computed as the number of
Hs-troponin (Tnl) (ngL), 8.3 (43-23.4) 158 64 1 deaths over the full analysis population. The one-sided exact bino-
median (IQR) mial confidence interval (CI), at the 90% level (by design) is pre-
Chest radiogram bilateral 36 (84%) No Yes Yes sente‘d. The clinical and le}boratory‘ f.mdlngs at bas-ehne. are
multilobe infiltrates, n (%) dfescrlbed in aggregate for patients surviving 7 days and listed indi-
dually for patients who died. No formal tests were performed.
Nasal swabviral load (U), 34 (21-59) 53 43 3.7 vicwaly forp P
e LU Secondary endpoints
Number of plasma units ! ! 1 To assess changes in PaO,/FiO,; ratio, lactate dehydrogenase, C-
administered, n (%) reactive protein and ferritin levels, and viral load over time we fit-
I 21 (49) ted repeated measures linear models (with Huber-White clustered
g 2% 8?) robust standard errors to account for intra-patient correlation) or
bootstrapped median regression models (depending on the distri-
N bution). The coefficients comparing day 7 to day 1 together with
continued in the next column
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Table 2. List of adverse events and relation to treatment for each patient.

Patient Type of adverse event Relation to treatment Resolution

1408-7 Chills and fever during transfusion Likely, probable No (transfusion interrupted)
Subsegmental pulmonary embolism Excluded or unlikely No

1408-18 Anaphylaxis/hypersensitivity Possible Yes

1408-19 Transfusion-related acute lung injury Possible No

1408-21 Urticaria Likely, probable Yes

their 95% CI are presented to describe the changes at the end of
the study.

Results

Study cohort

We enrolled 46 patients from the three centers participat-
ing in this proof-of-concept study. The patients’ mean age
was 63 years (SD 12) and 28 were male (61%). Their mean
oxygen saturation was 94% (SD 3) and their mean
PaO,/FiO, ratio was 128 (SD 47). Fourteen (33%) had a
severe Berlin score, 30 patients (70%) were on CPAP and
seven (16%) were intubated. Nineteen (41%) had two or
more comorbidities and 36 (84%) had bilateral multilobe
infiltrates as shown by chest X-ray. Patients had been
symptomatic for a mean of 14 days (SD 7) and had had
acute respiratory distress syndrome for a mean of 6 days
(SD 3). More than 80% of patients were treated with antibi-
otics, hydroxychloroquine and anticoagulants (Table 1).

Plasma infusion and safety

Twenty-four patients received one unit of plasma, 21
received two units and one patient received three units.
The plasma units administered at the first infusion had a
neutralizing antibody titer of 1:160 or 1:320 in 85% of
patients and of 1:320 in 12%; one patient only received
plasma with a 1:80 titer (Table 1). At the second infusion,
the titers were 1:80 in two patients, 1:160 in 11 patients,
1:320 in seven patients and 1:640 in one patient. The third
infusion performed in a single patient had a titer of 1:320.

The plasma infusion was well tolerated in 42/46
patients. It was interrupted in one case.

Five serious adverse events occurred in four patients. In
one case the transfusion had to be interrupted. In two cases
the relation to treatment was considered as likely and in
two as possible (Table 2). Three adverse events did not
resolve spontaneously and were treated accordingly.

Primary endpoint

Three patients of the 46 (6.5%) died within 7 days (on
days 1, 4 and 6); the upper one-sided 90% CI was 13.9%
and 40 of the first 43 patients enrolled survived, allowing
us to reject the null hypothesis of a 15% mortality. The
main characteristics of the three patients who died are list-
ed in Table 2. Two had important comorbidities, including
diabetes, hypertension and cancer, while the third had an
extremely low PaO,/FiO, ratio of 67 at the time of the
plasma infusion. Among survivors, the severity of the con-
dition at baseline was confirmed by the low oxygen satu-
ration (mean 94%) and PaO,/FiO, (mean 131). More than
89% of patients showed bilateral multilobe infiltrates on
chest X-rays and all had markedly elevated laboratory bio-
markers (Table 1).

In a concurrent cohort of 23 patients from the Pavia
COVID Registry, observed between March 10, 2020 and
March 24, 2020 who met the same entry criteria as used
for this study and who were followed up for 7 days
(Online Supplementary Table S3), the observed mortality
was 30% (two-sided 80% Cl: 18%-46%, or equivalently,
the lower 90% one-sided limit was 18%, which is higher
than the upper limit, reported above, of 13.9% for the
treated cohort)

Secondary endpoints

At 7 days after plasma infusion the PaO,/FiO, increased
by 112 units (95% CI: 82-142) in survivors and bilateral
multilobe infiltrates on the chest X-ray had disappeared in
23% of patients (95% Cl: 5%-42%). C-reactive protein,
ferritin and lactate dehydrogenase levels all decreased, by
90%, 36% and 20%, respectively (Table 3, Figure 1).
Conversely, no or little improvement was documented in
the three patients who died (Figure 1).

Overall, 30 patients were on CPAP and seven were intu-
bated. Weaning from CPAP was achieved in 26 patients
over a median time of 2 days (IQR 0-3) and three of the
intubated patients were extubated after a median of 2
days (IQR 1-5). Two of 16 patients who were in the
Intensive Care Unit were discharged from the Unit within
the 7 days following the infusion (both on day 3).

Two patients were put on extracorporeal membrane
oxygenation 1 and 6 days after the plasma infusion. No
patient was discharged from the hospital within the 7-
day study observation period.

Discussion

This proof-of-concept study showed that the infusion of
highly specific hyperimmune plasma in COVID-19
patients with severe respiratory failure reduces short-term
mortality by 2.5 times, from an expected 15% (i.e., about 1
in 6 patients) at the time of study design to 6% (i.e., about
1 in 15 patients). Compared with the mortality rate in a
concurrent series of 23 patients, satisfying the same entry
criteria and observed in the period March 10 to March 24,
2020, the decrease in deaths was even more dramatic (5-
fold, from 30% to 6%). Only three patients died during the
7-day study period. Of these three patients, two had
important comorbidities while the third had an extremely
low PaO,/FiO; ratio at the time of the plasma infusion.

Patients had been symptomatic for 2 weeks at the time
of plasma infusion. Most had been on treatment with
antibiotics, hydroxychloroquine and anticoagulants.
Among survivors, the PaO,/FiO, ratio increased 2-fold, mir-
rored by decreases in the levels of biomarkers: C-reactive
protein by 90%, ferritin by 36%, and lacate dehydrogenase
by 20%. The bilateral multilobe infiltrates on chest radio-
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grams disappeared in one-third of the study population.
The viral load was reduced to null.

Serious adverse events occurred in four patients; in two
cases, they were likely related to the transfusion. Of note,
one adverse event was potentially transfusion-related acute
lung injury (TRALI), the features of which are similar to
those of COVID-19 and thus may be underdiagnosed.
Importantly TRALI may be triggered by transfused anti-
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bodies.”” Indeed TRALI was reported in 11 cases by Joyner
et al. in a large, safety study of 5,000 COVID-19 patients
treated with convalescent plasma.” In an attempt to mini-
mize the risk of TRALI and other transfusion-related seri-
ous adverse events, we excluded women who had had pre-
vious pregnancies from donating plasma for this study.
Overall, both our data and, on a larger scale, those from
Joyner et al® and Duan et al” confirm that transfusion of

Table 3. Changes from baseline in functional, laboratory and radiological parameters in survivors.

Variahle Day 1 Day 7 Difference (95% CI)
N=43 N=43

Oxygen saturation (%), mean (SD) 9% (3) 97 (2) 3 (1to4)

Pa0,/FiO,, mean (SD) 131 (47) 243 (40) 112 (82 to 142)

Chest radiogram bilateral

multilobe infiltrates, n (%) 36 (84) 26 (61) -23% (-42% to -5%)

CRP (mg/dL), medan (IQR) 10.3 (2.5-17.2) 0.9 (0.5-8.0) -9.5(-133 to-5.4)

Ferritin (ug/L), median (IQR) 1102 (669-2231) 668 (406-1315) -397 (-955 to 161)

LDH (U/L), median (IQR) 470 (382-691 378 (323-422) -92 (-157 to -27)

Viral load (U) ° 34 (2.1-5.9) 0(0-3.2) -3.5 (-6.2to -0.8)

°Pavia cases only (assessed in 17 patients ).95% CI: 95% confidence interval; SD: standard deviation; PaO,: partial pressure of arterial oxygen; FiO,: fraction of inspired oxy-

gen; CRP: C-reactive protein; IQR: interquartile range; LDH: lactate dehydrogenase.
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Figure 1. Changes of respiratory function and laboratory parameters over time from day 1 to day 7 for survivors and patients who died. (A) Whisker plots of the
mean and 95% confidence interval (95% Cl) of the Pa0,/FiO, values. (B-D) Whisker plots of the median and 95% Cl values for C-reactive protein (B), lactate dehy-
drogenase (C) and ferritin (D). Estimates and 95% Cl values were obtained from linear (A) and quantile (B-D) regression models for repeated measures. Pa0,: partial
pressure of arterial oxygen; FiO,: fraction of inspired oxygen; CRP: C-reactive protein; LDH: lactate dehydrogenase
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convalescent plasma appears to be safe in hospitalized
patients with COVID-19.

Although hyperimmune plasma was used for the treat-
ment of severe cases in the 2002-2004 SARS outbreak,***"
few data are available from the COVID-19 epidemics.
Our results are consistent with those of preliminary expe-
riences from China. As recently described in JAMA,*"
five critically ill patients at Shenzhen Third People’s
Hospital (Shenzhen, China) were treated with convales-
cent plasma with a neutralizing titer of 1:80 to 1:480, 10
to 20 days after admission. The patients’ clinical condi-
tions and laboratory findings improved. As a result, three
patients were discharged; the other two patients were
still hospitalized after 1 month. In a second study, per-
formed in three hospitals in Wuhan (China),” the out-
comes of ten patients with severe disease, who were
treated with convalescent plasma with high neutralizing
titers ( =1:640) at a median of 16 days after the onset of
symptoms, were determined. Following improvements in
clinical and laboratory parameters, three patients were
discharged, and the other seven were ready for discharge.
In contrast, among a group of historical controls, similar
for baseline characteristics, only one patient improved,
six were stable and three died. A third report of compas-
sionate use of hyperimmune plasma gave encouraging
results as well.*

In contrast, in a fourth retrospective study, administra-
tion of convalescent plasma to six patients led to subopti-
mal results.® Prior determination of neutralizing antibody
response had not been performed.

Indeed, both the Food and Drug Administration* and the
European Commission® strongly recommend that SARS-
CoV-2 neutralizing antibody titers be measured in the
donated plasma. While the Food and Drug Administration
recommends a minimum neutralizing antibody titer of
1:160, indicating that a titer of 1:80 might be acceptable in
some cases, the European Commission considers titers of
1:320 or more to be optimal, although lower thresholds
could be considered. In our study, of the 68 units of hyper-
immune plasma administered, only three (4%) had a titer
below 1:160; 58 (84%) had a titer between 1:160 and 1:320
and seven had a titer of 1:640, largely consistent with the
international recommendations. Of note, the promising
efficacy of using neutralizing antibodies was described in a
recent study that reported on a human monoclonal anti-
body neutralizing SARS-CoV-2 (and SARS-CoV) in cell cul-
tures.*

A strong and novel point of our study is that we titrated
the plasma from patients who had recovered from
COVID-19 by quantifying COVID-19-specific neutraliz-
ing antibodies. For this purpose, we developed a new
rapid microneutralization test based on evaluation of a
90% reduction of cytopathic effect in 48 h with Gram
crystal violet staining. We introduced this staining to
increase the readout of our neutralization test compared
to that of other microneutralization test assays, such as
the plaque reduction neutralization test, which require the
overlay of cells and a longer time for the result.” The
plaque reduction neutralization test is a gold standard for
the detection of neutralizing antibodies and has a high
sensitivity and specificity.

Recently, Li and colleagues presented the results of the
first randomized clinical trial of convalescent plasma thera-
py for patients with COVID-19 conducted in China.” The
study, which enrolled 103 patients, showed more favorable

outcomes (measured as time to clinical improvement with-
in 28 days, 28-day mortality and time to discharge) for
patients who received convalescent plasma compared to
the outcomes of patients in the control group. However,
the differences were not statistically significant, the trial
having been terminated early and as such, was underpow-
ered.”

Our study has some limitations. First of all, it lacked a
randomized control arm; it was, however, designed as a
proof-of-concept study to verify the potential efficacy and
safety of the administration of hyperimmune plasma in
severely compromised COVID-19 patients and to inform
the design of a rigorous, randomized controlled trial.
Despite the lack of a randomized control arm, mortality
was shown to be decreased by the treatment, both when
compared to the mortality of hospitalized patients in Italy
at the time of designing the study and when compared to
the mortality in our concurrent, similar observational
cohort. Interestingly, the 8.5% absolute mortality risk
reduction observed in our study was very similar to that in
the recent randomized trial from China.” Indeed, in a sub-
group analysis including 23 cases and 22 controls with
severe COVID-19, the authors observed a 9.1% reduction
in the mortality rate in the group of patients treated with
convalescent plasma.

A second limitation is that the study was designed at
the very beginning of the pandemic in Italy. The patients
were included under the pressure of a medical emergency
in order to provide them with a potentially effective treat-
ment in the very short term, given the high mortality.”
For this reason, some information was not planned to be
collected, such as, but not only, the levels of D-dimer or
other markers of inflammation, and long-term outcome.

In conclusion, we were able to show a promising benefit
of hyperimmune plasma in COVID-19 patients, both
through a reduction of mortality, an improvement in respi-
ratory function and decreases in inflammatory indices. This
was a proof-of-concept study, thus these findings should
not be over-interpreted and efficacy cannot be advocated
yet. Nevertheless, the results pave the way for future devel-
opments including the rigorous demonstration of hyperim-
mune plasma efficacy in a randomized clinical trial, and
possibly, the need for hyperimmune plasma banking to
anticipate a potential second wave of the pandemic, the
development of standardized pharmaceutical products
made from the purified antibody fraction (concentrated
COVID-19 H-Ig) and last, but not least, the production of
monoclonal antibodies on a large scale.
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