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1 | INTRODUCTION

Abstract

Background: Although many trials are currently investigating the safety and
efficacy of convalescent plasma (CP) in critically ill COVID-19 patients, there
is a paucity of ongoing and published studies evaluating the CP donors’ side.
This retrospective study reports the first Italian experience on CP donors' selec-
tion and donations.

Methods: Patients aged 18-68 years who had recovered from COVID-19 at
least 2 weeks previously were recruited between March 18 and June 30, 2020
in a study protocol at the Italian hospitals of Pavia and Mantova.

Results: During the study period, 494 of 512 donors recruited were judged eli-
gible and underwent 504 plasmapheresis procedures. Eighty-five percent
(437/512) of the CP donors were males. The average time between symptom
recovery and CP donation was 36.6 (+20.0) days. Four hundred and eighty-
eight plasmapheresis procedures (96.8%) were concluded and each unit was
divided into two subunits (total 976) with an average volume of 316.2 (£22.7)
mL. Ninety-three percent (460/494) of CP donors at the time of plasma dona-
tion had a neutralizing IgG titer >1:80. Plasmapheresis-related adverse reac-
tions occurred in 2.6% (13/504) of cases; all the reactions were mild and none
required therapeutic intervention. Donors' age and COVID-19 severity were
positively associated with greater antibody responses.

Conclusion: This study demonstrates the feasibility and safety of a pilot CP
program conducted in Italy. The identification of factors (ie, age and severity
of COVID-19) positively associated with higher neutralizing antibody titers at
the time of donation may help to optimize the selection of CP donors.

2020)." Among the possible anti-COVID-19 treatments,
the use of plasma from individuals who have recovered

Coronavirus disease 2019 (COVID-19), caused by the
severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) pandemic, resulted in more than 20 million cases
and 800 000 deaths worldwide (data updated on 11 August,

from SARS-CoV-2 infection has gained increasing interest
thanks to preliminary reports on its safety and potential
efficacy, particularly when administered early, in critically
ill COVID-19 patients.>® The postulated mechanism of
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action of COVID-19 convalescent plasma (CP) includes a
process of passive immunization through the transfer of
specific neutralizing antibodies from recovered individuals
to COVID-19 patients.” The interest in CP emerged early
during the COVID-19 pandemic, given the prior use of this
strategy to treat other coronavirus diseases (ie, severe acute
respiratory syndrome [SARS] and Middle-East Respiratory
Syndrome [MERS])® and the pivotal experiences from
China and Italy.>™* Following the initial positive clinical
experiences of the use of CP in COVID-19 patients, many
European countries and the USA started to organize the
collection of hyperimmune plasma to meet current needs
and/or to store sufficient numbers of plasma units for
future epidemic peaks.”'° In parallel, several studies eval-
uating the safety and efficacy of CP have started around
the world."! Italy was the first country in the western
world hit by SARS-CoV-2 pandemic with a number of
cases and deaths (particularly in the Lombardy region)
among the highest in the world (250 000 cases and 35 000
deaths, as of 11 August, 2020) and this generated an
unprecedented health and social emergency.'”> Immedi-
ately after the first autochthonous SARS-CoV-2 cases in
Italy, the National Blood Center (CNS) released two docu-
ments: the first on measures to prevent the transmission
of SARS-CoV-2 by transfusion of labile blood compo-
nents'® and the second on the criteria for selecting CP
donors.'* Following the latter document, the Italian Trans-
fusion Centers of the University Hospital of Pavia and the
City Hospital of Mantova (both located in the Region of
Lombardy), developed a multicenter protocol for collection
of hyperimmune plasma from donors who had recovered
from their coronavirus infection and for use of this plasma
to treat critically ill COVID-19 patients (registered at
clinicaltrials.gov as NCT 04321421)."> In this study we
report the results of approximately 3 months' activity
(March 18-30 June 2020) of CP collection at two Italian
Transfusion Centers.

2 | MATERIAL AND METHODS
2.1 | Donor selection and convalescent
plasma collection

From 18 March 2020, the Italian Transfusion Centers of
the University Hospital of Pavia and later on the City
Hospital of Mantova, started to collect hyperimmune
plasma from donors who had recovered from COVID-19
according to the registered and published clinical proto-
col (NCT 04321421)."°> Donors were recruited according
to a hospital-based call list. Given the emergency period
with all medical and nursing staff committed to the care
of hospitalized COVID-19 patients, medical students,
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recruited in Pavia hospital on a voluntary basis, were
involved in the donors' recruitment. After online training
according to the instructions given by the Transfusion
specialist, the volunteers, working in two daily shifts of
6 hours each, performed a preliminary telephone triage
aimed at excluding those individuals not eligible for
donation. Individuals who seemed eligible and were
potentially interested in being donors were asked to
undergo a preliminary blood test to detect anti-SARS-
CoV-2 neutralizing antibodies prior to donation
(72 hours) to avoid unnecessary donations. Donors were
males or females with no previous pregnancies, aged
18 or above, who had completely recovered from COVID-
19 (defined as two consecutive negative polymerase chain
reaction tests on naso-pharyngeal swabs performed
24 hours apart) at least 14 days previously. The protocol
was developed according to the current national regula-
tion'* and donors were clinically evaluated by local phy-
sician, with the purpose of highlighting any absolute
contraindications to the aphaeresis procedure. All donors
needed to test negative for hepatitis A and E RNA, and par-
vovirus B19 DNA, as well as for hepatitis B and C viruses,
human immunodeficiency virus and syphilis at molecular
tests. All convalescent donors were tested for anti-SARS-
CoV-2 neutralizing antibodies at the time of donation or
within 72 hours prior to donation. According to national
transfusion laws, all donors were voluntary and unpaid.

Plasma collection was performed in a dedicated facil-
ity, using latest-generation cell separators (Trima Accel
-Terumo BCT and Amicus - Fresenius Kabi), according
to the donors' characteristics, under the supervision of
nurses. To prevent hypocalcemia, calcium gluconate was
administered intravenously during the procedure, at a
mean dose of 1000 mg.

About 660 mL of plasma was collected during each
procedure and immediately divided in two bags of equal
volume, using a sterile tubing welder. Plasma pathogen
reduction was then performed with the INTERCEPT
processing system (Cerus Europe BV) or the Mirasol PRT
System (Terumo BCT, Lakewood, CO, USA), as specifi-
cally required by the CNS, and the products were labeled
as hyperimmune COVID-19 plasma.'* Finally, the
plasma was stored in a dedicated freezer, at a controlled
temperature ranging from —80°C to —25°C. Collected CP
with a neutralizing titer of 1:80 or higher was validated
for clinical use. The neutralization test for the identifica-
tion of anti-SARS-CoV-2-neutralizing antibodies was per-
formed at the Molecular Virology Unit of the University
Hospital of Pavia and was based on the determination of
the cytopathic effect, as previously described.'® Briefly,
50 pL of diluted serum (4-fold serial dilutions from 1:10
to 1:640) were added to an equal volume of viral suspen-
sion (tissue culture infectious dose of 50 from a SARS-
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CoV-2 strain isolated from a symptomatic patient), incu-
bated for 1 hour at 33°C in 5% CO, and then combined
with 3 x 10° Vero-E6 cells. After incubation for 72 hours,
the cells were stained with Gram’s crystal violet solution.
Wells were scored to evaluate the degree of cytopathic
effect compared to that of viral controls. The neutralizing
titer was the maximum dilution producing a 90% reduction
of the cytopathic effect. A titer of >1:10 was considered
positive.

As per routine, the plasma was biologically validated
and made available for infusion at the completion of all
tests. Requests for ABO compatible hyperimmune plasma
were made by treating physician using the established local
procedures, including electronic tracking. The following
characteristics of the convalescent donors and their plasma
were electronically collected: age, sex (male/female), weight
and body mass index (BMI), eligibility for plasma donation,
causes of ineligibility, time interval between recovery from
symptoms and plasma donation, clinical severity of COVID-
19 (1 = asymptomatic subjects, 2 = subjects managed as out-
patients, 3 = subjects requiring hospital admission, 4 = subjects
requiring hospital admission and mechanical respiratory sup-
port), number of plasma units collected and time interval
between donations, number of plasmaphereses interrupted
and causes, volume of the plasma unit collected, donors' neu-
tralizing titer detected at plasma donation, number of plasma
units eliminated and causes, plasma sub-units produced from
each plasma donation, and temperature of storage. Finally,
adverse reactions in the donors were recorded and classified
according to their severity: no symptoms, mild symptoms not
requiring therapeutic intervention, symptoms requiring thera-
peutic intervention and symptoms requiring resuscitation pro-
cedures. The outcome of any adverse reactions (data
unavailable, complete resolution within a few hours, com-
plete resolution within a few days, persistence of sequelae)
was also recorded. The protocol for donor selection and
plasma collection and testing was approved by the Local Ethi-
cal Committees of the hospitals in Pavia and Mantova. All CP
donors gave signed informed consent prior to donation.

2.2 | Statistical analysis

All continuous variables are summarized using the mean
and standard deviation (SD) or the median and the inter-
quartile range (IQR). The frequency and percentage are
reported for all categorical measures. An exploratory anal-
ysis was performed with a Spearman’s correlation matrix
including all variables, using complete observations only.
For this analysis “severity” was considered a quantitative
variable. The correlation matrix was depicted by weighted
network visualization. Partial correlations were also calcu-
lated and depicted in a similar way. Since partial

correlations were based on direct adjusted effects, they
were candidates for attempting to create a causal network.
A causal plot was generated using the R package
“bnlearn” by Scutari.'® Starting from raw data, a Bayesian
network was produced. Bayesian networks are graphical
models in which nodes represent random variables and
arrows represent probabilistic dependencies. However,
some constraints were applied, according to the results of
the partial correlations and common-sense knowledge.'’
The causal network prompted a marginal correlation anal-
ysis involving age, clinical severity and neutralizing anti-
body titer, in which the indirect and direct effects of age
on antibody titer were evaluated as average marginal
effects. The dataset consisted of 512 observations, each
concerning a different patient who had recovered from
COVID-19; all patients donated hyperimmune plasma.
The following variables were considered: “age,” sex
(binary variable: female = 1, male = 0), “interval” (num-
ber of days elapsed from clinical recovery and convales-
cent plasma collection), clinical severity (“severity”, coded
as 1 to 4), body mass index (“BMI”), and neutralizing anti-
body titer. The variable “severity” was also recoded in a
binary form as “hi_sev” = 0 (corresponding to “severity”
<2) or “hi_sev”’ = 1 (corresponding to “severity” >2). The
variable “age” was also recoded as a discrete variable
(“agecat”) for some estimations, cutting at 10-year inter-
vals, from 20 to 70 years. The neutralizing antibody titer
was recoded as log,(dilutions/10), as “12tit,” when a titer
<1/10 (12tit —1) was assumed to be 5 dilutions, a titer 1/10
(12tit 0) corresponded to 10 dilutions, a titer 1/20 (12tit 1)
to 20 dilutions, a titer 1/40 (12tit 2) to 40 dilutions, a titer
1/80 (12tit 3) to 80 dilutions, up to a titer 1/640 (12tit 6)
which corresponded to 640 dilutions. These conversion
steps from the original antibody to 12tit were utilized for
the statistical analysis. The predictive effect of “age” on
“I2tit” was evaluated by analysis of variance (ANOVA),
using “agecat.” The predictive effect of “severity” on “12tit”
was evaluated by ANOVA, as was the relation between
“age” and ‘“severity.” Pairwise comparisons of the mar-
ginal linear predictions were calculated. The predictive
effect of “age” on clinical “severity” was evaluated by an
ordered logistic regression method. The predictive effect of
“severity” on “interval” was evaluated by ANOVA. The
pairwise comparisons of the marginal linear predictions
were calculated. Estimates were obtained using R version
4.0.2 and Stata 16.1.

3 | RESULTS

From 18 March 2020 to 30 June 2020, a total of
512 patients who had recovered from COVID-19 were
evaluated as potential COVID-19 CP donors. The



s TRANSFUSION L=
TABLE 1 Demographics, baseline and clinical characteristics TABLE 1 (Continued)
of 512 convalescent plasma donors .
Hypotension 7 (54%)
Age () Immediate vasovagal reaction 3(23%)
Mean + SD 47.7+£11.8 Venous access rupture 3(23%)
IQR 39-56 Abbreviations: CP, convalescent plasma; IQR, interquartile range; SD,
<29 40 (7.8%) standard deviation.
30-39 96 (18.8%)
40-49 138 (27.1%)
>50 238 (46.3%) demographics, baseline and clinical characteristics of
Sex these potential donors are reported in Table 1. All the
donors were of Caucasian origin. Eighteen (3.5%) were
Male 437 (85.3%) . . . .
not eligible for plasma donation according to the selec-
Female 75 (14.7%) tion criteria established by the protocol: 12 because of
Weight (kg) their personal history (seven had traveled in malaria-
Mean + SD 83.2 +14.5 endemic areas and five had risk behaviors for sexually
IQR 71-90 transmitted diseases) and six for clinical reasibs (three
. cardiovascular dlsorders,.two aut01mr.nune disorders and
one cancer). The population of potential CP donors had a
Mean + SD 26.9 + 5.5 .
mean age of 47.7 years and consisted of more males
IQR 2329 (85%) than females, because of the restriction of CP dona-
Degree of severity of disease tion only to women who had not had previous pregnan-
1. Asymptomatic subjects 13 (2.5%) cies to prevent transfusion-related acute lung injury
2. Subjects managed as outpatients 239 (46.7%) (TRALI). An increased mean weight (83.2 + 14.5 kg) and
3. Subjects requiring hospital admission 93 (18.3%) BMI (26.9 + 5.5) were also recorded among the CP
4. Subjects requiring hospital admission and 31 (6%)

mechanical respiratory support
Data not available 136 (26.5%)

Time interval between symptom resolution
and donation (d)

Mean + SD 36.6 + 20.0
IQR 12-49

Not eligible donors N =18
Anamnestic criteria 12 (66.6%)
Clinical criteria 6 (44.4%)
Neutralizing titer detected among CP donors N = 494
<1:80 22 (4.4%)
1:80 282 (57.1%)
1:160 113 (22.9%)
1:320 47 (9.5%)

> 1:640 18 (3.6%)
Data not available 12 (2.5%)
Total number of plasmapheresis procedures N = 504
Number of completed procedures 488 (96.8%)
Number of interrupted procedures 16 (3.2%)
Cause of interruption:

« Adverse reaction 13 (81.2%)
« Donor compliance issues 3(18.8%)
Donor adverse reactions N=13

(Continues)

donors. Approximately two-thirds of the evaluable
patients (239/358, 66.8%) were classified as having had
mild-to-moderate disease not requiring hospitalization,
while a minority of them had been asymptomatic
(13/358, 3.6%). Eighty-six percent (427/494) of CP donors
were first-time plasmapheresis donors. The average time
interval between recovery from symptoms and CP dona-
tion was 36.6 (£20) days (Table 1). Among the 494 -
analyzed CP donors, a neutralizing titer of 1:830 was
detected in the majority of cases (282/494, 57.1%), while
36% of them (178/494) had a titer >1:160 and only a
minority of them had a titer >1:640 (18/494, 3.6%). A
total of 504 plasmapheresis procedures were performed
in the 494 eligible CP donors. Ninety-eight percent
(484/494) of CP donors underwent one plasmapheresis
procedure, while the remaining 10 patients underwent
two plasmapheresis procedures. All but 16 procedures
(488/504, 96.8%) were completed. The causes of inter-
ruption were adverse reactions to the plasmapheresis
procedure or donor compliance issues (anxiety and
fear). Thirteen donor adverse reactions (13/504, 2.6%)
were reported during or immediately following the plas-
mapheresis procedures. They were all mild (seven hypo-
tension, three immediate vasovagal reactions and three
venous access rupture) and resolved completely within a
few hours from onset without requiring therapeutic
intervention.
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TABLE 2 Characteristics of the convalescent plasma units
collected
Number of convalescent plasma units 488
collected
Volume of the plasma units collected (mL) female

Mean + SD 641.5 + 96.8
IQR 600-660
Number of eliminated plasma units 37

Cause of elimination:

« Parvovirus B19 positive 6 (16.2%)
« Anti-HCV positive 3(8.1%)

« Anti-HLA antibody positive 3(8.1%)

+ Hypertriglyceridemia 1(2.7%)

« Neutralizing titer absent or <1:80 22 (59.5%)
+ Personal history (miscarriage) 1(2.7%)

« Low volume 1(2.7%)

Number of plasma subunits produced from 2
each plasma donation

Total number of subunits produced 976
Volume of the plasma subunits produced
(mL)
Mean + SD 316.24
+ 22.7
IQR 300-340

Abbreviations: HCV, hepatitis C virus; HLA, human leukocyte antigen; IQR,
interquartile range; SD, standard deviation.

The characteristics of the 488 CP units collected are
reported in Table 2. The average volume of CP collected
by plasmapheresis was 641.5 (£96.8) mL, while the aver-
age volume of the 976 plasma subunits produced from
the CP plasmapheresis units was 316.24 (+22.7) mL. All
CP units were frozen within 6 hours of collection and
stored at a temperature <—40°C. Overall, 37 CP units
(7.6%) were eliminated. The main cause of CP elimina-
tion was a low (<1:80) neutralizing titer (22/37, 59.5%),
followed by positivity at viral screening (9/37, 24.3%; six
parvovirus B19 and three hepatitis C virus).

The correlation and partial correlation matrices per-
taining to the relationship between the different variables
considered (ie, age, sex, disease severity, BMI, interval
between clinical recovery and CP collection, neutralizing
antibody titer) are shown in Figure 1A,B, respectively. In
the partial correlation matrix the direct link between “age”
and “12tit” was weakened, but not suppressed. This sug-
gests that the effect of “age” on “I2tit” was partly direct
and partly mediated by “severity”. Moreover, the direct
arcs between “female” and “interval”’, and between
“female” and “12tit” lost significance. On the basis of these
results, a causal interpretation was proposed (Figure 2).

FIGURE 1
(B) illustrated by weighted network visualization. The nodes are the

Correlation (A) and partial correlation matrices

variables, and the connectors (“arcs” or “edges”) are the pairwise
correlations. Green color indicates positive correlations, red color
indicates negative correlations, and numbers express the value of
the correlations. Non-significant arcs were omitted [Color figure
can be viewed at wileyonlinelibrary.com]

Figure 2 illustrates the resulting causal model, focusing
only on the net effect of “age” on antibody response
“12tit”. As stated above, this effect was partially mediated
by disease “severity,” and was partially direct. The group

of “age”, “severity”, and “I2tit” comprised the components
of the “causal effect” of interest to us. The proportion of


http://wileyonlinelibrary.com

DEL FANTE Et AL.

FIGURE 2 Proposed causal interpretation of correlation
between variables. The directed arcs (arrows) indicate causal

effects. The undirected edge marks an unresolved correlation

(possibly joint dependence on an unknown variable)
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FIGURE 3 Predictive effect of age (agecat) on neutralizing

antibody titer (12tit) [Color figure can be viewed at
wileyonlinelibrary.com]

the indirect effect of “age” on “I2tit”, mediated by
“hi_sev,” was 28.33% of the total effect (total
effect = indirect + direct effect, age on 12tit without any
mediation).

The predictive effect of the variables are reported in Fig-
ures 3 to 5 and Figure S1. The predictive effect of age on
neutralizing antibody titer is depicted in Figure 3. The anti-
body titer increased significantly with age (P = .0001)
(number of observations = 355). In addition, the antibody
titer increased with clinical severity. ANOVA on 359 obser-
vations demonstrated a significant effect of disease severity
on neutralizing antibody titer (P = .0000). The marginal
effects are depicted in Figure 4. Levels 3 and 4 of severity
were associated with significantly higher antibody titers
than levels 1 and 2; the difference between levels 3 and
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Adjusted Predictions with 95% Cls

12tit

severity

FIGURE 4 Predictive effect of clinical severity of the disease
on neutralizing antibody titer (12tit) [Color figure can be viewed at
wileyonlinelibrary.com]

Adjusted Predictions with 95% Cls
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FIGURE 5
on probability of clinical severity. The lower levels, 1 and 2, decline
with advancing age, whereas the opposite appears with the higher
levels [Color figure can be viewed at wileyonlinelibrary.com]

Logistic regression on the predictive effect of age

4 was not statistically significant. The predictive influence
of age on clinical severity was significant (P = .0000) and is
shown in Figure 5. The probability of severity = 1 or
2 appeared to decrease at higher ages, the opposite hap-
pened with severity = 3 or 4 (number of observations = 376).
Finally, at ANOVA the clinical severity was significantly
predictive (P = .0020) of the time interval between clinical
recovery and CP donation (Figure S1). The effect was
largely due to severity = 4, that is, to patients needing respi-
ratory assistance (number of observations = 375).

4 | DISCUSSION

Italy was the first western country to suffer the severe
impact of the COVID-19 pandemic as it spread from


http://wileyonlinelibrary.com
http://wileyonlinelibrary.com
http://wileyonlinelibrary.com

= | TRANSFUSION

DEL FANTE Et AL.

China.’? The Italian Region of Lombardy, which has a
population (about 11 million people) similar to that of
Wuhan, China, in which the SARS-CoV-2 epidemic was
initially focused, was devastated by an infectious wave
similar to a “tsunami” at the end of February, 2020."
Thousands of severely symptomatic COVID-19 patients
requiring hospital admission arrived contemporaneously
at the emergency rooms of many Lombard hospitals,
quickly overcoming their hospitalization capacities. In
this dramatic situation, considering the scarce therapeu-
tic resources available at that time, we decided to develop
a protocol for the collection and infusion of CP to criti-
cally ill COVID-19 patients.'® This idea loomed following
the pioneering encouraging experience from China and
the positive results on the use of CP during previous viral
epidemics, including SARS and MERS coronavirus
diseases.'®

As soon as the first CP donors were available, we
started a pilot program of CP collection according to the
timely and rigorous criteria provided by the CNS for CP
donor selection.'* Given the shortage of specialized hos-
pital personnel who, like others,’ were all engaged in the
management of the emergency, in Pavia hospital the real-
ization of this program was possible thanks to the
involvement of medical students who were trained in CP
donor recruitment and selection. In fact, although the
protocol set out that donors should have been recruited
on the basis of a call list established by the specialists of
the Infectious Diseases Unit of the participating institu-
tions, the impact of the workload on the staff made this
impossible. Medical students represented the best and
immediate solution at that time. The dramatic situation
led us to decide that setting up a call center was the best
choice, since Pavia hospital was receiving hundreds of
telephone calls from people requesting information about
plasma donation. In our opinion this “direct communica-
tion” between medical students and patients who had
recovered from their infection had a positive impact on
both: immediate human contact for physically and psy-
chologically stressed people and a “training ground for
life” for the future doctors.

The Italian experience of the two transfusion centers
of Pavia and Mantova, presented in this report, is the
largest study published so far and demonstrates the feasi-
bility and safety of our CP donor selection strategy.'* !
Indeed, among the 512 CP potential donors initially
enrolled, only 3.5% were not eligible for CP donation
(18/512, 12 for criteria related to their personal history
and six because of clinical criteria). Similarly, only 3.2%
of plasmapheresis procedures were not completed
(16/504, 13 because of donor adverse reactions and three
because of donor compliance issues). Adverse reactions
were rare, occurring in only 2.6% (13/504) of cases, and

all of them were mild and resolved spontaneously,
documenting the feasibility of this CP apheresis collec-
tion program. These safety data, available for the first
time in CP donors, reveal slightly increased rates of
adverse reactions than those reported in Italian aphere-
sis donors in 2019 (4.9 per 1000 apheresis donations
plroc:edures).22 This increased incidence is, however, not
surprising considering that most CP donors (86%) are
occasional donors, who have just recovered from
COVID-19, and not committed repeat blood donors.
Approximately half of the CP subunits donated were
transfused to COVID-19 patients and, based on national
hemovigilance data, no safety concerns have emerged
in recipients during and following CP transfusion
(unpublished data).

Regarding the statistical analysis, two different
complementary approaches were taken. The first (net-
work analysis) was innovative and aimed mainly at
highlighting causal connections between different vari-
ables; the second was classical (logistic regression analy-
sis and ANOVA) and used to evidence the predictive
values of variables on each other. Whichever statistical
method was used, age, clinical severity, and antibody
titer were found to be tightly associated in a positive way.
A significant effect of age on COVID-19 severity had
already been established in other studies.**** For
instance, in an age-structured mathematical model of epi-
demic data from China, Italy, Japan, Singapore, Canada
and South Korea, Davies and colleagues® observed an
age-specific clinical susceptibility to COVID-19 (69% of
infected individuals aged over 70 years manifested clini-
cal symptoms as compared with 21% of infected individ-
uals aged 10 to 19 years). Female sex seemed to act
negatively on antibody titer with the mediation of age.
Indeed, there were fewer female patients than male ones,
so there was a negative correlation between female sex
and age. On the other hand, sex did not appear to have a
direct influence on clinical severity or antibody titer. The
positive correlation between the interval from symptom
resolution to plasma donation and disease severity, dem-
onstrated by the ANOVA method, was mainly due to the
delay in CP donation from patients needing respiratory
assistance. These findings are in keeping with those from
Klein and colleagues,21 who observed, in a population of
126 CP donors, that age and hospitalization were associ-
ated with higher convalescent antibody titers. A similar
association between COVID-19 severity and neutralizing
antibody titers was also observed in blood donors from
the initial area of lockdown in the province of Lodi.*

In conclusion, this study demonstrates for the first
time the feasibility and safety for donors of a pilot program
of CP donation conducted in Italy. In our opinion the
results are particularly relevant considering the large
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number and homogeneity of the Italian CP donor popula-
tion enrolled and the paucity of published data evaluating
the characteristics of CP donors and donations, including
the safety issue. In addition identifying those factors (ie,
severity of COVID-19 disease and age) positively associ-
ated with the likelihood of having higher levels of neutral-
izing IgG antibodies at the time of CP collection, may help
investigators to define more selective and effective criteria
for CP donor recruitment and donation. Thus, considering
the current broad spread of the SARS-CoV-2 around the
world and the still lack of preventive measures or treat-
ment for COVID-19, including vaccines and hyper-
immune immunoglobulin, national governments and
health authorities should implement CP collection pro-
grams in parallel with randomized controlled trials aimed
at determining the safety and efficacy of hyperimmune
plasma administered to COVID-19 patients.
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