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Abstract
Background: Passive therapy with convalescent plasma (CP) 
could be an effective and safe treatment option in COVID-19 
patients. Neutralizing antibodies present in CP generated in 
response to SARS-CoV-2 infection and directed against the 
receptor-binding domain of the spike protein are consid-
ered to play a major role in the viral clearance. CP infusion 
may also contribute to the modulation of the immune re-
sponse through its immunomodulatory effect. We describe 
for the first time the effectiveness of a CP collection protocol 
from repeated donations in young patients. Materials and 
Methods: We enrolled health service workers who experi-
enced mild to moderate COVID-19 and from whom several 
donations have been collected. No minimal severity thresh-
old and no biological cure criteria were required. Donors 
could return to a second plasma donation 14 days after the 
first donation. A minimal neutralizing antibody titer of 1:40 
was considered for clinical use. Results: Eighty-eight donors 
were included (median age 35 [28–48] years, 41 women), 

and 149 plasma products were collected. COVID-19 were 
mainly WHO stage 2 infections (96%). Among the 88 first do-
nations, 76% had neutralizing antibody titers higher than or 
equal to 1:40. Eighty-eight percent of donors who came for 
a second donation had a neutralizing antibody titer of 1:40. 
Median durations were 15 (15–19) and 38 (33–46) days from 
the first to the second donation and from recovery to the 
second donation, respectively. Sixty-nine percent of donors 
who came for a third donation had a neutralizing antibody 
titer of 1:40. Median durations were 16 (13–37) and 54 (49–
61) days from the second to the third donation and from re-
covery to the third donation, respectively. No significant dif-
ference was observed between the IgG ratio and the age of 
the donors or the time between recovery and donation. The 
average IgG ratio did not significantly vary between dona-
tions. When focused on repeated blood donors, no signifi-
cant differences were observed either. Conclusion: The re-
cruitment of young patients with a mild to moderate CO-
VID-19 course is an efficient possibility to collect CP with a 
satisfactory level of neutralizing antibodies. Repeated dona-
tions are a well-tolerated and effective way of CP collection.
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Introduction

COVID-19 is characterized by the risk of acute respi-
ratory failure during the second week of illness [1, 2]. The 
currently available therapeutic resources are under evalu-
ation, and only heparin and dexamethasone showed im-
provement with severe COVID-19 cases requiring sup-
plemental oxygenation [3, 4].

Convalescent plasma (CP) is a passive immunothera-
py that has often been used in respiratory virus outbreak 
situations: 1919 influenza pandemic, SARS-CoV-1, or 
MERS-CoV [5–8]. Some uncontrolled case series in the 
literature are in favor of a beneficial effect without serious 
adverse effects reported [9, 10]. Even if no controlled tri-
als have been published to date, there is a growing amount 
of data suggesting that CP could be an effective and safe 
treatment option in COVID-19 patients [11–13]. The 
major challenge in this therapy is obtaining donors with 
similar blood antigens with a high antibody titer of SARS-
CoV-2 [14]. However, recruitment protocol, donor char-
acteristics, timing of collection, and the threshold for 
neutralizing antibodies are still under investigation [15].

PlasCoSSA is a French multicenter interventional study 
which aims to evaluate the effect of CP on survival without 
intensification of respiratory assistance in COVID-19 inpa-
tients (ClinicalTrials.gov ID: NCT04372979). The donors 
are healthcare workers (from the French Military Health 
Service) who have recovered from COVID-19.

Here, we describe the CP collection protocol and the 
characteristics of these CP donors. We provide important 
data which could help blood donation centers to imple-
ment a CP program especially regarding recruitment ef-
ficiency and plasma quality.

Material and Methods

Ethics
This study was conducted from March to June 2020, by the 

French Military Blood Institute (Centre de Transfusion Sanguine 
des Armées, CTSA) which is the armed forces transfusion operator 
responsible for the transfusion support of the French Armed Forc-
es including collection, process, qualification, delivery and hemo-
vigilance of blood products. Blood collections take place in two col-
lection sites (Clamart and Toulon) as well in mobile collection sites 
by mobile teams in military settings around the country. PlasCoS-
SA study (ID RCB: 2020-01,166-33) was approved by the French 
Ethical Research Committee (Comité de Protection des Personnes 
Ile-de France VIII, reference number 20 04 18). The research was 
conducted in accordance with the Declaration of Helsinki and na-
tional and institutional standards for donor selection, plasma col-
lection, and testing. All donors provided written informed consent.

Donor Recruitment
Recruitment
A call for recruitment was made through social networks (Twit-

ter account of the French Military Health Service) and by internal 
messaging. Information for PlasCoSSA recruitment was given in 

all military teaching hospital and military medical centers in main-
land France. Of note, regulation about personal data would not 
have allowed our services to contact hospital who treated these 
patients, or the labs which performed the tests, to gather informa-
tion and directly recruit the potential donors.

Potential donors were included if they met the following crite-
ria: (1) laboratory-proven (RT-PCR) SARS-CoV-2 infection OR 
medical interview consistent with a COVID-19 infection; (2) at 
least from day 14 after recovery (defined by the absence of symp-
toms (fever, dyspnea, aches, and pains) for at least 2 days).

Exclusion criteria were: (1) donors who did not meet the selec-
tion criteria for blood donation, (2) donors with a contraindication 
to plasma donation (age >65 years, past history of intolerance to 
apheresis collection, female without HLA antibodies); (3) donors 
who have not given their written consent.

No minimum severity threshold and no minimum symptom 
duration was required to be included. No biological cure criteria 
were required. Donors who met the criteria for CP collection were 
allowed to return to a second plasma donation 14 days after the 
first donation, according to the French guidelines.

Plasma Collection
Donor recruitment, screening, and blood specimen collection 

were conducted by the CTSA.
Plasma collection was performed according to routine proce-

dure and requirements for plasma donation. Plasma collection was 
performed via plasmapheresis (Haemonetics MCS®+, or Frese-
nius-Kabi Aurora® collection system). Up to 750 mL of plasma 
was collected depending on the donor’s weight. The volume of 
replacement fluid was half of the plasma collected. All plasma 
products were frozen within 8 h.

Laboratory Testing
All blood products were tested for HCV, HBV, HIV by ELISA 

and NAT, for HEV by NAT and for syphilis by hemagglutination 
according to the French national guidelines. First-time donor was 
tested for HTLVI/II antibodies. Donors with past history of expo-
sure to Chagas disease or malaria were tested for antibodies against 
these parasites. Female donors with medical history of pregnancy 
were tested for anti-HLA antibodies.

All collected donor plasma samples were tested for SARS-
CoV-2 RNA by individual donor testing, using the Procleix SARS-
CoV-2 Assay (Grifols, Barcelona, Spain). The test kits are CE-IVD 
marked and were performed according to the manufacturer’s in-
structions on a Panther system (Grifols, Barcelona, Spain).

N-specific IgA and IgG antibodies were tested using the SARS-
CoV-2 IgG and IgA assay (Euroimmun AG, Lübeck, Germany) with 
a positive threshold >1.1), which use the spike protein as antigen. 
Tests were performed according to the manufacturers’ instructions.

Neutralizing antibodies were detected using a micro-neutral-
ization assay, adapted from neutralization testing of human anti-
bodies to dengue viruses according to the WHO guidelines for 
human neutralizing antibodies against Dengue virus and whose 
performances were previously described [16, 17]. Briefly, sera were 
2-fold serially diluted from 1:10 to 1:80 on 96-well plate. One hun-
dred µL of diluted sera were added to 100 µL of virus suspension 
containing 100 TCID50 (human SARS-CoV-2 strain BavPat1/2020, 
European Virus Archive global), incubated during 1 h at 37°C with 
5% CO2 and then added on Vero cells (ATCC CCL-81, 1.3 × 105 
cells/well). After 4 days of incubation, the cytopathogenic effects 
were observed under a light microscope. The serum neutralizing 
titer was calculated as the inverse of the highest dilution resulting 
in an infectious reduction of 50%. All experiments were performed 
in a BSL-3 facility. Donations with a minimal neutralizing anti-
body titer of 1:40 were considered for clinical use.
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Results are evaluated semi-quantitatively by calculation of a ra-
tio of the extinction of patient sample over the extinction of the 
calibrator.

Clinical Data and Definitions
We recorded demographic data (age, sex), data on COVID-19 

course (duration of symptoms, OMS stage) and biological follow-
up data (IgG, IgA, neutralizing antibody titers). COVID-19 sever-
ity was defined according to WHO progression scale.

Statistical analysis
A descriptive analysis was performed after all data had been 

collected and verified. Categorical variables are given as numbers 
and proportions. Denominators were the number of data available 
for each variable. Continuous variables are summarised as medi-
ans with interquartile range. Data were compiled and analysed us-
ing an EXCEL® spreadsheet (Microsoft, WA, USA), XLSTAT® 
software version 19.4, and GraphPad Prism version 8.0.2 (Graph-
Pad Software, San Diego, CA, USA).

Results

Eighty-eight donors met the inclusion criteria (i.e., 
French Army healthcare workers who experienced a 
SARS-CoV-2 infection with recovery for at least 14 days).

Baseline Characteristics
The median age of the 88 donors was 35 (28–48) years, 

and 41 were women (female-to-male ratio 1/1.15). None 
had significant medical history.

All of them had a laboratory-proven COVID-19 by na-
sopharyngeal RT-PCR. Seventy-six (96%) out of 79 do-
nors with available data had WHO stage 2 infections. 
Only two (3%) were treated as in-patients for a WHO 
stage 4 disease. One (1%) donor had WHO stage 0. This 
diagnosis was made in a tracing contact. Median duration 
of symptoms was 11 (7–15) days.

Convalescent Plasma
Forty-one (47%) donors were first-time blood donors. 

From the 88 donors, 149 plasma products were collected. 
The anti-HIV 1/2, anti-HCV, syphilis testing, and HbsAg 
were all negative. The median number of donations was 
1.7 (1–3). The median time from the recovery to the first 
donation was 22 (18–30) days.

SARS-CoV-2 PCR was performed in 65 first donations 
and was positive in 63 (97%) cases. Among the total 88 
First donations, 73 (83%) and 73 (83%) were IgG and IgA 
positive. Seventy (80%) were both IgG and IgA positive. 
Titers collected from 14 to 71 days after the onset of 
symptoms were tested by the neutralization assay. Sixty-
seven (76%) had neutralizing antibody titer higher than 
or equal to 1:40. Among them, 51 and 19 had neutralizing 
antibody titers of 1:80 and 1:160, respectively.

Forty-two (44%) donors came for a second donation. 
Median durations were 15 (15–19) and 38 (3–46) days 
from the first to the second donation and from recovery 
to the second donation, respectively. Thirty-five out of 38 
(92%) and 32/38 (84%) were IgG and IgA positive. Thirty 
out of 35 (86%) had a neutralizing antibody titer of 1:40. 
Eighteen and 5 had neutralizing antibody titers of 1:80 
and 1:160, respectively.

Nineteen (22%) donors came for a third donation. Me-
dian durations were 16 (13–37) and 54 (49–61) days from 
the second to the third donation and from recovery to the 
third donation, respectively. Among them, 17/17 (100%) 
and 13/17 had, respectively, positive IgG and IgA. Nine 
out of 13 (69%) had a neutralizing antibody titer of 1:40. 
Among them, 8 and 3 had neutralizing titers of 1:80 and 
1:160, respectively. Figure 1 summarizes the proportions 
of neutralizing antibody titers in the first, the second, and 
the third donation. To test if age of donors may be related 
to IgG ratio, we tested IgG mean in 4 age ranges (20–29, 

Fig. 1. The proportion of neutralizing anti-
bodies in the first, second, and third dona-
tions.
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30–39, 40–49, and 50–65): no significant difference was 
observed (4.0±2.2 vs. 4.0±3.0 vs. 3.4±2.9 vs. 4.1±3.0, re-
spectively, p = 0.8) (shown in Fig. 2). We then analyzed 
the correlation between IgG results related to time (in 
days) from recovery and did not show significant correla-
tion (shown in Fig. 3A). As the IgG level may vary from 
donation to donation, we analyzed IgG between donation 
1 and 2, and between donation 2 and 3, for donors who 
returned to donation once or twice, respectively. Average 
IgG ratio did not significantly vary between donations 
(3.9±2.7 vs. 4.01±2.2 vs. 39±2.0, p = 0.8). Results are pre-
sented in Figure 3B. When we focused on repeated blood 
donors, no significant differences were observed either 
(shown in Fig. 3C).

No adverse reaction was reported during plasma 
apheresis or after donation by donors.

Discussion

We described the recruitment and characteristics of 
CP donors from (French Military) Health Service work-
ers who experienced mild to moderate COVID-19 and 
from whom several donations have been collected.

We are the first to show that repeated donation is an 
effective way to collect more CP with a neutralizing anti-
body titer of 1:40. Nine out of 13 (69%) had a neutralizing 
antibody titer of 1:40 after a median time of 54 (49–61) 
days after recovery. In an English study, the median neu-
tralizing antibody titer significantly decreased from 1:70 
in those donating within 40 days from diagnosis to 1:43 
and 1:22 in those donating within at least 50 days [18]. We 
showed that donors could be sampled at least 3 times 
without complication in the first 70 days after COVID-19 
recovery.

Fig. 2. IgG (ratio) according to age ranges 
(years) of blood donors (n = 29, 26, 13, and 
20, respectively).

Fig. 3. Evolution of the IgG ratio according 
to time post-recovery and blood donation. 
A Correlation between time from recovery 
(in days) and IgG (ratio) in blood donors. 
Positive threshold = 1.1, n = 129. B IgG ra-
tio according to donation (n = 88, 38, and 
17, respectively). C IgG (ratio) in repeated 
donors (n = 17, p = 0.6).
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We chose a threshold of 1:40 for neutralizing antibody 
level. Currently, no threshold has been proven to be effec-
tive in a prospective study. A minimum neutralizing titer 
of 1:100 and 1:160 was provided for clinical use in two 
other studies [18, 19]. Based on prior SARS-CoV-1 stud-
ies, a titer of ≥1:40, assessed by cytopathic effect based on 
virus neutralizing tests, was supposed to be relevant [20, 
21]. The choice was made to select a low threshold in or-
der not to be too restrictive in donor recruitment.

We did not require clinical criteria or proof of biolog-
ical recovery prior to donor retrieval. A kinetic study of 
viral shedding and antibody detection reported the pres-
ence of higher IgG and IgM antibody titers in severe pa-
tients [22], and in some clinical trials [19, 23], only pa-
tients with severe diseases were recruited in order to tar-
get high levels of neutralizing antibody titers. In an 
English study describing 436 donors, the highest levels of 
neutralizing antibodies were found in donors hospital-
ized, in older patients, and those who donated <60 days 
from diagnosis [18]. In our work, we show that 76% of 
donors had neutralizing antibody levels in their first do-
nation although none of them had a severe form and only 
2 were treated as inpatients. This is consistent with the 
English study in which only 10% had been hospitalized 
[18]. We show that donors who do not have severe forms 
are suitable potential donors and clinical severity may 
limit the donation of CP. Indeed, individuals with mild 
and severe disease produced neutralizing IgG to SARS-
CoV-2 up to 10 days after disease onset, and most patients 
with severe form are again in the intensive care unit [24].

All donors included recovered for more than 14 days 
and therefore were no longer considered contagious. 
There is evidence for a significant decline in neutralizing 
antibody levels over time [18, 25, 26]. Some authors in-
cluded donors only if they had 2 subsequent negative CO-
VID-19 nasopharyngeal PCR [19, 23]. We emphasize that 
waiting for PCR negativation can be a waste of time be-
cause neutralizing antibody levels are highest just after 
clinical recovery. Furthermore, there is evidence of per-
sistent viral shedding in nasopharyngeal secretions more 

than 2 weeks after resolution of symptoms from con-
firmed COVID-19 infection [27]. The 14-day delay after 
cure seems to be a suitable time for the first donation.

If found to be inadequate, we proposed that donors 
donate their plasma. This modality of recruitment and 
patient interest in helping the society can be an opportu-
nity to collect plasma for trauma patients, for example.

In conclusion, we showed that the recruitment of 
young donors with a mild to moderate COVID-19 course 
is an efficient possibility to collect CP with a satisfactory 
level of neutralizing antibodies. Repeated donations is a 
well-tolerated and effective way of CP collection.
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