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Abstract

Background: Coronavirus disease 2019 (COVID-19) convalescent plasma

(CCP) collection began in two Brazilian hospitals for treatment of severe/

critical patients.

Methods and Materials: Mild/moderate COVID-19 convalescents were

selected as CCP donors after reverse transcription polymerase chain reaction

(RT-PCR) confirmed severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) infection and absence of symptoms for ≥14 days plus (a) age

(18-60 years), body weight greater than 55 kg; (b) immunohematological stud-

ies; (c) no infectious markers of hepatitis B virus, hepatitis C virus, human

immunodeficiency virus, human T-lymphotropic virus-1/2, Chagas and syphi-

lis infection; (d) no HLA antibodies (multiparous); (e) second RT-PCR (naso-

pharyngeal swab and/or blood) negativity; (f) virus neutralization test

(cytopathic effect–based virus neutralization test neutralizing antibody) and

anti–nucleocapsid protein SARS-CoV-2 IgM, IgG, and IgA enzyme-linked

immunosorbent assays.

Results: Among 271 donors (41 females, 230 males), 250 presented with neutral-

izing antibodies. Final RT-PCR was negative on swab (77.0%) or blood (88.4%;

P = .46). Final definition of RT-PCR was only defined at more than 28 days after

full recovery in 59 of 174 (33.9%) RT-PCR –ve, and 25/69 RT-PCR +ve (36.2%;

Abbreviations: CCP, coronavirus disease 2019 convalescent plasma; COVID-19, coronavirus disease 2019; CPE, cytopathic effect; ELISA, enzyme-
linked immunosorbent assay; ln, natural logarithm; NF, nasopharyngeal; NP, nucleocapsid protein; PB, peripheral blood; PBST, phosphate-buffered
saline with Tween; RT-PCR, reverse transcription polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; S/CO,
signal/cutoff; VNT, virus neutralization test; WB, whole blood.
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13 between 35 and 48 days). Neutralizing antibody titers of 160 or greater were

found in 63.6%. Correlation between IgG signal/cutoff of 5.0 or greater and

neutralizing antibody of 160 or greater was 82.4%. Combination of final RT-PCR

–ve with neutralizing antibody ≥160 was 41.3% (112/271). Serial plasma collec-

tion showed decline in neutralizing antibody titers and IgA levels (P < .05), prob-

ably denoting a “golden period” for CCP collection (≤28 days after joining the

program); IgA might have an important role as neutralizing antibody. Donor's

weight, days between disease onset and serial plasma collection, and IgG and

IgM levels are important predictors for neutralizing antibody titer.

Conclusions: RT-PCR +ve cases are still detected in 36.2% within 28 to

48 days after recovery. High anti–nucleocapsid protein IgG levels may be used

as a surrogate marker to neutralizing antibody.
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1 | INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is an enveloped nonsegmented positive-sense
RNA β-coronavirus, from the Coronaviridae family,1

first diagnosed in patients with atypical pneumonia of
unknown origin in Wuhan, China, in December 2019,2

causing a new disease, named coronavirus disease
2019 (COVID-19), with high infectious potential.3 Most
patients are asymptomatic or develop mild symptoms.2.

Others, recognized as high-risk groups (elderly, diabe-
tes, hypertension, cardiopathy, pulmonary diseases, can-
cer, or body mass index [BMI] >30) might develop
severe manifestations with multiple organ failure
and high mortality.4 From China, it spread globally,
affecting more than 16.1 million people and causing
more than 647 000 deaths (July 26, 2020). Brazil had the
second largest number of cases in the world (2 394 000),
with 86 400 deaths (https://coronavirus.jhu.edu/map.
html).

No specific single therapeutic measure has been
proven efficient for COVID-19 treatment. Clinical trials
study a number of specific approaches.5 Passive immuno-
therapy through transfusion of coronavirus disease 2019
convalescent plasma (CCP) has been investigated by sev-
eral protocols.6 Convalescent plasma has been used his-
torically to treat epidemic diseases such as influenza in
1918,7 and more recently for severe acute respiratory
syndrome),8,9 Ebola,10,11 Middle East respiratory syn-
drome (MERS),12 and other diseases.13–17 Passive immu-
notherapy studies have shown in vivo a higher viral
clearance and changes in patients' immune response, par-
ticularly in early stages.18

Use of CCP for treating COVID-19 was proposed
since the early Chinese cases.19–22 Rationale for using
CCP relies on the assumption that neutralizing anti-
bodies produced by convalescents might suppress severe
viremia in a patient.6,23,24 Because of limited data avail-
able to document the efficacy of CCP therapy, clinical
trials25–30 have targeted severe cases, with the premise of
rapid immunity transfer to patients, bridging the time
between infection and seroconversion (before own
immune response development). Suppression of the ini-
tial virus load by CCP might be followed by modification
in the recipient's immune response, particularly at early
stages, avoiding severe viral effects in several organs.

The safety and efficacy of CCP collected from patients
who have recovered from COVID-19 to mitigate the
development of symptoms after infection should be stud-
ied under controlled trials.31,32 It is important to charac-
terize the CCP product and convalescent donors after
resolution of infection,33 since it is a challenge to identify
who are the best neutralizing antibody producers and the
kinetics of neutralizing antibody.

This study describes the data obtained from CCP donors
from two Brazilian hospitals, evaluating their humoral
immune response, together with kinetics of anti-nucleocapsid
protein (NP), IgM, IgG, IgA, and neutralizing antibody.

2 | MATERIAL AND METHODS

2.1 | Institutional review board approval

The study was approved by both hospitals institutional
review boards and the Brazilian Commission on Ethics
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and Research under request CAAE: 30259220.4.2001.5461
(approval number 3.977.618).

2.2 | CCP donor recruitment

Convalescent donors with mild symptoms were recruited
by media and pamphlets or referenced by hospital doc-
tors, under a standard procedure for donor preselection:
age 18 to 60 years, body weight greater than 55 kg, previ-
ous positive SARS-CoV-2 nasopharyngeal swab reverse
transcription polymerase chain reaction (RT-PCR), and
full clinical recovery for 14 days or more, based on
national guidelines.34

2.3 | Selection criteria

Donors fulfilling these requirements underwent a medical
interview, with routine donor medical examination, and
explained about the study's objectives and how to donate
plasma via whole blood (WB) or plasmapheresis. Data
captured inquiries about symptoms, onset of disease,
duration and type of symptoms (fever, dry cough, myalgia,
runny nose, dyspnea, diarrhea, anosmia, and headache).
Furthermore, we evaluated the interval between the onset
of full recovery (absence of symptoms referred by donors)
and the first medical interview; the interval spanning up
to two consecutive plasma collections and full recovery;

interval between the first nasopharyngeal swab (RT-
PCR1) and medical interview, and intervals between the
successive RT-PCR tests (see Figure 1).

2.4 | CCP screening

Donors approved by the medical examination had also to
sign an informed consent form and undergo a series of tests:

1. Routine blood donor screening tests. Donors were
tested for: ABO and D, irregular antibodies to red
blood cell antigens (immunohematologic tests), and
infectious diseases according to the Brazilian legisla-
tion.35 Only nonreactive donors were accepted. Mul-
tiparous female donors were tested for the presence of
anti-HLA antibodies (Lifecodes LifeScreen Deluxe,
Immucor, Waukesha WI).

2. SARS-CoV-2 RT-PCR. All donors had a previously
positive RT-PCR (swab), undergoing a second test (RT-
PCR2), either by swab or peripheral blood (PB),
according to Corman et al36 (targeting the E and RdRp
genes), with sensitivity of five copies/reaction. A cycle
threshold value less than 40 was interpreted as positive.
Donors with nonreactive RT-PCR2 (swab or PB) were
accepted; those who remained reactive by the swab RT-
PCR2 were asked to perform a third test after 14 days
(RT-PCR3). If the RT-PCR3 test was nonreactive, the
donor was accepted; otherwise, the donor was rejected.

FIGURE 1 CCP program

stages. All donors with a

previous RT-PCR1 positive had

their first medical interview on

the average 33.4 ± 7.9 (range,

14-65) days after onset of

symptoms, which lasted

10.8 ± 5.2 (range, 0-33) days.

Main symptoms are shown in

upper left square.). Only one

donor was asymptomatic

(RT-PCR1 +ve), due to close

contact with a confirmed

patient. If RT-PCR2 was

positive, donors were asked to

collect another RT-PCR within

14 days. If RT-PCR3 negative,

they were accepted in the

program; otherwise, they were

discarded. Accepted donors with

multiple collection (apheresis)

are displayed, based on the

mean ± SD (range) of days after

full recovery
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3. Neutralizing antibodies. A cytopathic effect (CPE)-
based virus neutralization test (VNT) was carried out
with SARS-CoV-2 (GenBank: MT MT350282) in
96-well plates containing 5 × 104 cells/mL of Vero
cells (ATCC CCL-81).37 Serum samples were initially
inactivated for 30 minutes at 56°C. We used eight dilu-
tions (1:20 to 1:10240). Subsequently, sera were mixed
vol/vol with the virus (100 tissue culture infectious
doses, 50% endpoint per well) and preincubated at 37°
C for 1 hour for neutralization. The serum plus virus
mixture was transferred onto the confluent cell mono-
layer and incubated for 3 days at 37°C (5% CO2). After
72 hours, plates were analyzed with light microscopy.
Gross CPE was observed on Vero cells, distinguishing
the presence/absence of CPE-VNT. Neutralizing anti-
body titer is described as the highest serum dilution
neutralizing virus growth. For double check, plates
were fixed and stained with amido black (0.1% amido
black solution [w/w] with 5.4% acetic acid, 0.7%
sodium acetate) for 30 minutes. A strong internal posi-
tive control serum (RT-qPCR positive + plaque reduc-
tion neutralization test >640) was used in each run.
The method was adapted from Nurtop et al,38 and
used for SARS-CoV studies.39–44 All CPE-VNT proce-
dures were performed in a Biosafety Level 3 laboratory,
following World Health Organization recommenda-
tions.45 Neutralizing antibody titers were transformed
in natural logarithm (ln) for normal distribution.

4. Immunoglobulins (IgA, IgM, and IgG) nucleocapsid
protein–based SARS-CoV-2 enzyme-linked immuno-
sorbent assays. The method was adapted from
Oliveira et al46 Ninety-six-well high-binding polysty-
rene plates (Corning, New York) were coated with
the new coronavirurs protein spike antigen 7 (nCoV-
PS-Ag7) nucleoprotein antigen (Fapon Biotech Inc.,
Dongguan, China), at 0.2 μg/mL in sodium
carbonate-sodium bicarbonate buffer and incubated
at 37°C for 1 hour. Unspecific binding of the anti-
bodies was avoided by blocking with bovine serum
(BS) (Advagen Biotech ltda, Itu, Brazil) at 37°C.
After 3× washing with phosphate-buffered saline
with Tween (PBST), 100 μL of appropriately diluted
(1:50 for IgA and IgM; 1:100 for IgG) serum sample
in PBST was added and incubated for 1 hour at 37°
C. After washing 3× with PBST, bound antibodies
were detected with the secondary antibodies conjugated
with horseradish peroxidase of goat anti-human IgA
[1:3000], IgM [1:3000] and IgG [1:4000] (Sigma-Aldrich
Co., Deisenhofen, Germany). After incubation for 1 hour
at 37°C and three PBST washes, 100 μL of 3,30,5,50-
tetramethylbenzidine (Sigma-Aldrich Co., Deisenhofen,
Germany) was added to each well and the mixture was
incubated for 10 minutes at room temperature. The

reaction was stopped by adding 0.2 N sulfuric acid to the
mixture, and the optical density at 450 nm was measured
(BMG Labtech, Ortenberg, Germany), and transformed
into signal/cutoff (S/CO) ratio. Details on the reproduc-
ibility of neutralizing antibody and ELISA assays are dis-
cussed in the supplement.

5. Plasma collection. CCP was collected via WB (150 mL
plasma/ collection) or plasmapheresis (600-mL
plasma collection; Trima Accel version 6, Terumo
BCT, Lakewood, CO -). Apheresis donation was
allowed up to four times in a 1-month period, with
42% of apheresis collection pathogen-inactivated using
amotosalen/ultraviolet A illumination (INTERCEPT,
Cerus Corporation, Concord, CA).

6. Statistical analysis. The distribution patterns from vari-
ables were checked by the Kolmogorov-Smirnov and
Shapiro-Wilk tests. We used the t test, Fisher exact test,
or analysis of variance (parametric data), and the two-
tailed Mann-Whitney U test, two-tailed Spearman's
correlation, Wilcoxon matched-pairs signed-rank or
Kruskall-Wallis test (nonparametric variables). Bonfer-
roni adjustment was employed whenever possible.
Since there were signs of dependence between neutral-
izing antibodies and several variables, and testing for
neutralizing antibodies is not available for most trans-
fusion services,33 we developed by stepwise multiple
regression a surrogate model to replace the use of
neutralizing antibodies as a key requirement for CCP
procurement. All statistical analyses used computer
software (STATA version 15, (StataCorp, College Sta-
tion, Texas), with 5% significance level accepted.

3 | RESULTS

3.1 | Donor demographics

There was a total of 271 COVID-19 convalescent
volunteers—41 women (15.1%) and 230 men (84.9%), as
shown in Figure 1 and Tables S1 and S2. The mean dura-
tion of symptoms was 10.8 ± 5.2 (range, 0-33) days until
complete recovery (absence of any symptom).

There were 41 female donors, 32 nulliparous and
9 multiparous, who were screened for HLA antibodies;
none were reactive.

3.2 | Specific SARS-CoV-2 tests

3.2.1 | RT-PCR

From the initial 271 potential donors, 11 refused to
undergo an additional RT-PCR and were being discarded.
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From the available 260 donors, a second RT-PCR was
done via PB only (n = 14), both swab and PB (n = 107),
or swab only (n = 139). Figure 2 depicts the pattern of all
RT-PCR results (swab or PB). There was also a lower sen-
sitivity and agreement for PB RT-PCR vs swab, with only
66 of 107 (61.7%; 95% confidence interval [CI], 51.8%-
70.9%) donors with complete agreement between both
tests (kappa index = 0.077; P = .46). For PB and swab,
the cycle threshold ( (mean ± SD) was, respectively, 37
± 1.3 × 36 ± 1.8 (P = .34, Wilcoxon test).

For donors who had a full RT-PCR and days after
full recovery assessment (n = 243), there were 174 RT-
PCR –ve (71.6%; 95% CI, 65.5%-77.2%) and 69 RT-PCR
+ve (28.5%; 95% CI, 22.8%-34.5%). The mean time
(SD and range) for achieving a negative RT-PCR by
either nylon-flocked (NF) swab (n = 136), PB RT-PCR2
(n = 107), or both is shown in Figure 3. There were 59 of
174 (33.9%; 95% CI, 26.9%-41.5%) and 25 of 69 (36.2%; 95%
CI, 25.0%-48.7%) donors whose final PCR status were neg-
ative or positive, respectively, who had their final RT-PCR
definition 28 days or more after recovery. From the latter
group, 52% remained RT-PCR +ve between 35-48 days
(13/25; 95% CI, 31.3%-72.2%). We have broken the long
persistent RT-PCR +ve donors total data according to NF

swab (n = 32) or PB RT-PCR (n = 37), showing a striking
difference between both methods, where 62.5% (20/32) vs
13.5% (5/37) donors tested by NF swab or PB only, respec-
tively, remained reactive after more than 28 days (P < .01;
Fisher exact test).

3.2.2 | Neutralizing antibodies

We were able to test neutralizing antibodies in 250 donors.
The combination of the final RT-PCR –ve results with
neutralizing antibodies of 80 or greater or 160 or greater
was 133 (49.1%; 95% CI, 43.0%-55.2%) or 112 (41.3%; 95%
CI, 35.4%-47.4%), respectively (Figures 2, 4 and S1).

3.2.3 | Neutralizing antibody titer and
RT-PCR

Given that a positive RT-PCR is a consequence of viral
RNA in the CCP donor (true infectious state still uncer-
tain), we evaluated the neutralizing antibody titer with
the RT-PCR pattern in 226 donors being 172 RT-PCR –ve
and 54 RT-PCR +ve (ln titer = 5.2 ± 1.4; 95% CI, 5.0-5.4

FIGURE 2 Distribution of 271 convalescent donors, based on nasopharyngeal swab (NF swab, n = 139) or peripheral blood RT-PCR

(PB, n = 121), and neutralizing antibody tests (n = 250). Eleven (11) donors did not collect RT-PCR2. There were 107 donors who were

tested by both PB and swab RT-PCR2, whose cycle threshold (mean ± SD) was, respectively, 37 ± 1.3 × 36 ± 1.8 (P = .34, Wilcoxon test).

The final percentage of accepted donors according to the combination of RT-PCR2 or 3 and neutralizing antibody titer of 80 or higher or 160

or higher is 49.1% (95% CI, 43.0%-55.2%) or 41.3% (95% CI, 35.4%-47.4%), respectively (middle box)

2942 WENDEL ET AL.



× 5.1 ± 1.3; 95% CI, 4.8-5.5), with no statistical difference
(P = .39), including for sex (male = 5.2 ± 1.4; 95% CI,
5.0-5.4 × female 4.9 ± 1.3; 95% CI, 4.4-5.3; P = .26).

3.2.4 | Anti-NP (IgM, IgG, and IgA) and
RT-PCR

There was no difference on IgM, IgG, or IgA S/CO based
on sex for 250 CCP donors (IgM, P = .14; IgG, P = .43;
IgA, P = .56, Mann-Whitney). IgM, IgG, and IgA had a
statistically significant correlation with donor's weight,
and among each other (all P < .01; Table S3 and
Figure S2). Only IgM correlated moderately with the
interval between onset of symptoms and the medical

interview, but it dropped very fast; IgM was detected in
only 4.4% of CCP donors more than 40 days after the
onset of disease. There were 226 CCP donors whose final
PCR status could be jointly studied with IgM, IgG, and
IgA. Figure S3 shows no statistical difference observed
for each class between the final RT-PCR status.

3.2.5 | Immunoglobulin levels (S/CO)
and neutralizing antibody titers

There was a moderate correlation between the neutraliz-
ing antibody titers and the S/CO levels for all three
anti-NP classes (all P < .01). Figure 5 shows the linear
correlation for anti-NP IgM, IgG, and IgA according to

FIGURE 3 Length of days after full recovery (absence of any symptoms referred by the donors) from 243 CCP donors who had a full

definition of final RT-PCR status (RT-PCR2 or 3), given as mean (±SD; range). Long dashed vertical line marks the 28-day period after full

recovery, where several regulatory agencies consider safe to donate blood once COVID-19 symptoms have vanished.35,47,48 Upper left and

right figures show donors tested only by nasopharyngeal swab (n = 136) or peripheral blood (n = 107) RT-PCR, respectively. The

combination of both methods is shown in the lower figure, with a total of 33.9% (n = 59/174) and 36.2% (25/69) donors, respectively, for

RT-PCR –ve and RT-PCR +ve, who had their final PCR status defined after the 28-day period after full recovery
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neutralizing antibody titers in 226 donors. We also evalu-
ated what would be the agreement for IgG S/CO 5 or
greater and neutralizing antibody titers of 160 or greater
(n = 159 donors). Using this proposed cutoff; a total of
131 of 159 donors (82.4%; 95% CI, 75.6%-88.0%) are classi-
fied as bearing simultaneously high IgG S/CO (≥5) and
high neutralizing antibody titer (≥160), being a possible
surrogate alternative for places where no neutralizing
antibody tests are available.

3.2.6 | Full recovery and neutralizing
antibody titers

We found no statistical correlation using both the inter-
val between the onset of disease or period after full recov-
ery with neutralizing antibody titers from 250 donors
(P = .60), even if separated by the final RT-PCR +ve
(n = 55; P = .28) or RT-PCR –ve (n = 171; P = .46).

3.2.7 | Correlation between neutralizing
antibody and immunoglobulins after
multiple collections

We studied the neutralizing antibody titer or IgM, IgG, and
IgM S/CO in 52 donors undergoing serial plasmapheresis
and compared their levels with the initial screening sample.
We were concerned about a potential depletion due to a
serial short time collection or by natural drop after interrup-
tion of immunological stimulation (or both). The median
interval between the medical interview (screen) and the
time of the first and second plasmapheresis was 15 days

(range, 1-48d) and 8 days (range, 4-25d), respectively. Data
are shown in Figure 6, with a statistically significant decline
for neutralizing antibody titer and IgA, with no changes for
IgM and IgG (not shown). Collections from 25 donors were
canceled due to declining neutralizing antibodies.

3.2.8 | A model for studied variables and
neutralizing antibody titers

The proposed model, derived from 131 donors, defined
weight, IgG, and IgM (S/CO) and the interval (days)
between the onset of illness and plasma collection as the
most important covariables, with a fair adjusted
R2 = 0.5017 (P < .01). We have also evaluated all covari-
ables by the added variable plot, which shows the rela-
tionship between neutralizing antibody (y-axis) and each
independent variable (x-axis), adjusting for the effects of
other remaining independent variables,47 as shown in
Figure 7. Both the model and the basis for added variable
plot are further discussed in the supplement.

3.2.9 | CCP units

From 15 April to 31 May 2020, there were a total of 354 CCP
donations, rendering 1081 units of plasma (154 WB and
927 apheresis). There were 60 collected units (5.3%) that were
segregated from the inventory, given that the neutralizing
antibody titer from the collected bag was less than 80 and
therefore considered inadequate by the protocol.

3.2.10 | Adverse effects on donors

From 354 plasma donations up to 31 May, there was a
loss of venipuncture in 6 cases (1.7%), paresthesia in
3 (0.9%) and vasovagal reaction in 4 (1.1%). One donor
had phlebitis 5 days after his third collection. He was
properly treated and left the program.

3.2.11 | Infectious markers

There were only two donors (0.74%; 95% CI, 0.09%-2.64%)
rejected due to infectious markers: anti–hepatitis B core
antigen and syphilis.

4 | DISCUSSION

CCP seems to be the simplest immunologic therapy for
the COVID-19 pandemic.48 Countries with relatively well

FIGURE 4 Neutralizing antibody titers from 250 donors

(male = 218; female = 32). Titers <20 denote a negative reaction

(absence of nAb). Lower and upper arrow indicates number

(percentage) of donors with titers <80 and <160, respectively, which

were not accepted as CCP donors, based on the chosen cutoff
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FIGURE 5 Immunoglobulin anti-NP (IgM, and IgA, left; IgG right) S/CO according to ln nAb titers from 226 convalescent plasma with

final RT-PCR status. The horizontal and vertical long-dashed lines on the right upper quadrant (IgG) denotes a proposed limit for both high

IgG S/CO level (≥5.0; above the horizontal dashed line) and neutralizing antibody titer ≥160 (right of vertical dash line). Agreement

between IgG S/CO ≥5.0 and neutralizing antibody ≥160 was 82.4%. There is a strong correlation between immunoglobulin levels (S/CO) and

neutralizing antibody titers (ln), as measured by the Spearman's rho correlation coefficient (0.49, 0.66, and 0.54 for IgM, IgG, and IgA,

respectively; all P < .01)

FIGURE 6 Decline in neutralizing antibody titers (ln) and IgA (S/CO) from 52 CCP donors who donated at least twice by

plasmapheresis. Horizontal line shows the mean for each marker. There is a median interval of 14 days between collection of screen sample

and Collection 1, and additional 8 days (median) between Collections 1 and 2. Left: neutralizing antibody titers (ln); right: IgA (S/CO). There

is a statistically significant decline for nAb for all periods (screen, Collections 1 and 2; all P < .05). For IgA, statistical difference was seen for

screen sample × Collection 1 (P = .01) and screen sample × Collection 2 (P = .05). There was no statistically significant decline for IgM and

IgG. All results obtained by Wilcoxon test
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organized transfusion services are able to implement a
CCP program, following basic recommendations. Neu-
tralizing antibodies have the ability to bind and interfere
in the viral replication independently of the host immune
cellular defense; in addition, neutralizing antibodies
inhibit viral growth in laboratory culture, whereas bind-
ing antibodies may not prevent viral cell infection or
block viral growth in culture. Our strategy of screening
high-titer neutralizing antibody CCP donors might con-
tribute to the capacity of blocking viral infection49–51

through (a) preventing virus binding to angiotensin-
converting enzyme 2 via receptor-binding domain within
the S1 unit spike (S) protein, whose affinity is 10- to
20-fold higher than SARS-CoV52; (b) aggregation of virus
particles; and (c) lysis through activation of the comple-
ment system.53 Recognition by CD8+ T cells of viral
infected and apoptotic cells leads to phagocytosis, con-
tributing to less lung damage due to the cytokine storm
and faster patient recovery.54 SARS-CoV-2 neutralizing
antibodies are found 2 to 3 weeks after infection, being
unable to cross-react with SARS-CoV,55 suggesting differ-
ent epitope(s) from S protein. It is not clear what would
be the minimum protective neutralizing antibody titer,
though most centers use a range between 80 and 160.33,56

Initially, we used a cutoff of 80 or greater, upgrading

to 160 or greater due to titer fluctuations in serial
collections.

Our cohort has an average of 33.4 ± 7.9, 22.7 ± 7.6,
and 34.1 ± 10.9 days between onset of symptoms and first
medical interview, full recovery and medical interview,
and full recovery and first plasma collection, respectively.
It shows differences from Robbiani's cohort,57 with
patients not enrolled for a CCP transfusional program, a
longer period after onset of disease, older age, and close
contact with people diagnosed with SARS-CoV-2
infection.

We raise a concern about the length of days that
donors remained RT-PCR +ve, due to the current recom-
mendation to donate after 28 days or more after full
recovery of symptoms.32–34,57,58 To et al59 detected viral
RNA after more than 20 days in one third of patients, but
that may not associate with persistent infectivity after
seroconversion.60,61 We observed few RT-PCR +ve
patients with virus isolation more than 28 days after
recovery (Durigon EL, manuscript in preparation).
Although rare, there is already a case reporting a longer
viral shedding.62 It is known that the amount of viral
RNA is highly reduced over time (>14 days), and most
likely asymptomatic CCP donors with prolonged
RT-PCR +ve and high neutralizing antibody titers might

FIGURE 7 Added variable plot derived from a stepwise multiple regression between neutralizing antibody titers (ln) and the key

variables found to exert main dependence on neutralizing antibody: Weight (kg); time since onset of illness (days); IgG and IgM (S/CO). The

y-axis - e (lnacneutral | X) - shows the relationship between neutralizing antibody and each independent variable (x-axis), adjusting for the

effects of other remaining independent variables.47 There is a mild, negative effect just for the onset of illness in days (P = .09). All the

remaining independent variables are statistically significant. The model follows the equation: Y = 2.585 + 0.017b - 0.017c + 0.185d + 0.262e,

where Y = neutralizing antibody titer (ln); b = weight (kg); c = onset of illness (days); d = IgG S/CO; e = IgM S/CO
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actually have noninfectious coated-antibody virions.63–65

However, we consider appropriate to be cautious at this
moment and avoid definitive assumptions until stronger
evidence is published, either supporting or refuting this
point. Since approximately 35% of our donor cohort
remains RT-PCR +ve for longer period (>28 days, with
one positive case until 48 days), perhaps regulatory
authorities could review the consequences of extending
the current 28-day period to a 56-day period as a tempo-
rary WB donor rejection policy after SARS-CoV-2 infec-
tion, if donors are donating for reasons other than CCP
donation (balancing temporary shortages in highly
affected regions). It might also be appropriate to review
or implement pathogen reduction methods in convales-
cent donors whose units are intended for general use
other than passive immunotherapy.

Specific IgG antibodies are found earlier in the course
of the infection, with progressive increase and permanent
levels after infection has been cleared.66 It is also possible
that detected neutralizing antibodies are targeted against
both S1 and S2 units,55 similarly to SARS CoV-1,67

suggesting possible alternative mechanisms for viral
clearance. In addition, there is no proof that in vitro tests
correlate to in vivo clinical response for SARS-CoV-2.68

We have found 9.2% of donors with titers of 20 or less
(n = 23); Robiani et al57 found 18% of donors with no
neutralizing antibodies. SARS shows neutralizing anti-
body persistence for at least 2 years before decline49,69;
however, neutralizing antibody anti-SARS-CoV-2 might
not develop in 5% of patients, and only 70% had titers
greater than 500, with higher titers in elderly/middle-
aged patients.55 Our cohort has mainly young adults
(36.2 ± 8.5; range, 19-60 years), with 36.4% having neu-
tralizing antibody titers less than 160. Despite the fact
that we saw no decline in neutralizing antibody titer
based on days after the onset of disease, we were con-
cerned how titers dropped quickly after serial plasmaphe-
resis, not observed for severe acute respiratory
syndrome.26 A longitudinal study is under way to better
understand the neutralizing antibody kinetics.

CD4+ T cells play a major role in the elaboration of
protective response, where several class II CD4+ T
epitopes are under study as vaccine candidates. Grifoni
et al51 demonstrated that spike-specific CD4+ T
responses correlated well with the level of anti-spike
receptor-binding domain IgG and IgA titers. Since IgA
may be particularly important in mucosal viral
infections,70–72 our findings between neutralizing anti-
bodies decline with decreasing levels of IgA antibodies
might indicate some connection,73 possibly a key neutral-
izing role of IgA class, but pending further studies. There
is likely a “golden period” of approximately 21 to 28 days
for plasma collection once it has started, as there is a

declining trend for neutralizing antibody titers with time.
It is also possible that protective antibodies other than
neutralizing antibodies are directed not only against the
spike region, once nearly one-third of reported CD4+
T-cell reactivity for SARS-CoV-2 and other coronaviruses
is accounted for nonspike regions (M, nsp6, ORF3a, and
N).51 CCP therapy might provide to recipients additional
immunoglobulins or other molecules not well defined yet
by the current screening protocols. We do not know
whether the CD4+ T-cell and antibody responses in
severe and critical acute cases (the intention to treat
patients) are the same as in patients with mild or moder-
ate symptoms. Comparing the immunologic responses in
different subsets of patients might probably reveal impor-
tant features about the multiple pattern of COVID-19.

Our initial goal was to accept a neutralizing antibody
titer of 80 or greater (75.6% of donors; 95% CI, 69.8%-
80.80%); however, this level was unstable in subsequent
donations, so we changed the cutoff to 160 or greater
(63.6% of donors; 95% CI, 57.3%-69.5%). Neutralizing
antibodies are difficult to perform, requiring a Biosafety
Level 3, not regularly available; suitable alternatives must
be proposed on a global scale. We established a good cor-
relation between high IgG S/CO and high neutralizing
antibody titers. The proposed model seems to be impor-
tant particularly for low- and middle-income countries.33

This was an observational study, with unknown previous
variable influence on the model. However, an R2 =
0.5017 is not a disincentive for surrogate models, showing
a moderate/strong correlation between neutralizing anti-
body titers with the proposed variables. To et al59 also
found a strong correlation between neutralizing anti-
bodies and IgG levels.

An interesting finding was the relation between
weight and neutralizing antibody titers. High body mass
index (≥30) has been associated with worse prognosis,74

mainly if less than 60 years of age.75 Overweight donors
might have a higher capacity to produce neutralizing
antibodies; however, the relatively younger age of our
CCP donors might have a protective clinical effect over
the severity in some donors.

Despite the fact that all CCP donors were first-time
donors, the rejection rate was not different from our nor-
mal 2.01% rejection rate (P = .13) for regular donors.
However, the small number of this cohort underpowers
any comparison with our volunteer WB donation rate.

Though one hospital in this consortium adopted path-
ogen reduction in all collected plasma, we acknowledge
that most centers involved in CCP collection have not
implemented pathogen reduction yet.58 There are evi-
dences that SARS-CoV-2 might not be transfused by
blood components.76 However, pathogen reduction
should not be neglected in case it is already available,
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particularly due to its capacity of coronavirus inactiva-
tion.77,78 The possibility of having hundreds or thousands
of donors participating in CCP programs (intended for
older, immunosuppressed patients or patients with differ-
ent comorbidities), harboring detectable RNA for many
days after recovery (especially after the standard 28-day
temporary deferral period), some with no molecular tests
as screening procedures and no PR methods applicable,
should be regarded with caution.

This project was devised in the beginning of the
COVID-19 pandemic in Brazil, without knowledge of
which resources should be applicable for the expected
growing number of cases and previous understanding
about the neutralizing antibody pattern in CCP donors,
complicated by rejections due to a long, persistent
RT-PCR +ve, leading us to compare the RT-PCR2 by
swab and PB, confirming the lower sensitivity of PB
RT-PCR against nasopharyngeal swab. A rate of 11.6% PB
RT-PCR +ve was observed, which is different from other
studies,2,79,80 perhaps because of different methodologies,
pooling or earlier collection in acute patients.

We recognize some weaknesses, such as missing data
in some CCP donors and our small number (n = 271).
Nevertheless, this is also a strength for Brazil, which faces
several limitations and is in the midst of a major outbreak
(probably with greater consequences than Zika or dengue).

We understand that this sort of therapy might not be
available to all patients in vast countries like Brazil, unless
units are collected, frozen, and sent regularly to requesting
places, under a centralized distribution system. On the
other hand, we consider that the experience gained from
this first pandemic wave would leave us more confident for
the future, whenever additional waves reappear.

A main strength of this paper is that quality over quan-
tity matters.33 Having a CCP program based on CCP dona-
tions with no adequate specific testing procedures might
not be a good strategy, since no more than 50% of CCP
donors are acceptable based on our protocol. Not all CCP
donors will be high neutralizing antibody producers,
though some might be excellent ones.57,81 In case neutraliz-
ing antibody is definitely considered as the key principle
for passive therapy, then random CCP with no stringent
collection protocols might jeopardize the clinical outcome,
which shall be evaluated by controlled clinical studies.82
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