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Donor and donation data were extracted from NYBC electronic databases.
SARS-CoV-2 antibody testing was initially performed by the NY State Depart-
ment of Health, and later by NYBC using Ortho and Abbott platforms.
Results: CCP donor age and ABO distributions were consistent with reported
lower COVID-19 susceptibility in O blood types. CCP versus whole blood donors
had similar on-site deferrals, but higher post-donation deferral rates. CCP versus
routine plasmapheresis donations had higher vasovagal reactions but similar
product rejection rates. Changes in antibody (Ab) test platforms resulted in sig-
nificant changes in the percent of donors regarded as antibody positive. Donor
correlates with higher anti-spike total Ig S/CO ratios were Hispanic ethnicity,
overweight body mass index, and longer symptom duration; and with higher
anti-nucleocapsid IgG S/CO ratios were male gender, older age, Hispanic ethnic-
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1 | INTRODUCTION

Convalescent plasma (CP) transfusion has been an
important early therapeutic option in viral diseases rang-
ing from measles and influenza to more recent outbreaks
such as Ebola, SARS, MERS, and HIN1.}? Given the
severity of the coronavirus disease 19 (COVID-19) pan-
demic and the historical safety of CP, the United States
Food and Drug Administration (FDA) issued an emer-
gency use authorization on August 23, 2020 for the use of
COVID-19 convalescent plasma (CCP) in patients hospi-
talized with COVID-19. The use of high-titer CCP early
in the disease course of hospitalized patients has been
shown to reduce COVID-19 severity and mortality.>®

Although vaccines and monoclonal antibodies are now
available, uncertainty about long-term herd immunity® given
the continuous rise of new SARS-CoV-2 variants highlights
the importance of strategies to identify appropriate donors of
CCP and CCP-derived hyperimmune globulin, given their
current advantage of broader antibody (Ab) repertoire.

Our analysis of characteristics of CCP donors and CCP
donations is notable in several ways. First, the New York
City (NYC) area, with its population density and interna-
tional travel status, was a major epicenter of the first wave
of the COVID-19 pandemic, with 413,222 cases reported in
New York State (NYS)' through July 7th, 2020, the end
date of our study presented herein. As the major blood col-
lection facility in the NY metropolitan area, NYBC was the
first blood collection facility to implement CCP collection
for nationwide distribution.!! Thus, our experience collect-
ing CCP donors is relevant for future pandemic planning,
especially our comparison of donor Ab reactivity based on
initially versus subsequently available testing platforms.
Second, some of the donor characteristics collected are
unique to our study; this includes measures relevant to
blood center logistics,12 such as on-site deferral reasons and
ABO type, as well as measures relevant for Ab signal to cut-
off (S/CO) ratios, such as body mass index (BMI) and symp-
tom features. Also, our analysis of correlates of Ab S/CO
ratio involves a larger sample size than previous publica-
tions."**® Lastly, some of our outcome data, such as adverse
reaction rates and product rejection due to insufficient
quantity, differs from and clarifies previous report,'? likely
because our comparison group was to plasmapheresis only
donors, compared to also including plateletpheresis donors.

2 | MATERIALS AND METHODS

21 | Study

The study was conducted under IRB approval at
New York Blood Center.
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2.2 | Donors

All CCP data from March 26th, our first day of CCP
collection, through July 7th were included in this ret-
rospective analysis, a time period in which SARS-
CoV-2 is not thought to have undergone mutations
affecting its infectivity or clinical disease severity. To
be eligible to donate, CCP donors were required to
show laboratory confirmation of a positive SARS-
CoV-2 test, be 14 days symptom-free, and meet all reg-
ular blood donor eligibility criteria. NYBC does not
require repeat nucleic acid testing prior to donation.
Collection was by standard donor plasmapheresis with
weight-adjusted collection volume up to a maximum of
600 ml. CCP donors were allowed to donate once per
week up to 8 weeks and then monthly until their Ab
level no longer met requirements. Donor zip code,
donation site by state county, residence, gender, age,
BMI, ABO type, ethnicity, symptom duration in days,
and days from symptom onset to first donation were
tabulated by unique donor from donor registration
data obtained with their first donation. Optional eth-
nicity data were missing for five CCP donors. On-site
deferrals, post-donation deferrals, and donor adverse
events were tabulated by unique donation, as these
characteristics can vary between donations from the
same donor. We do not actively monitor for post-
donation adverse events, and the small number of
adverse events called in post-donation were not
included in our analysis. For gender, age, ABO type,
ethnicity, BMI, on-site deferrals, and post-donation
deferrals, CCP data were compared to whole blood
(WB) donor data from the same time period in the year
prior (2019). For donor adverse events, CCP data were
compared to standard plasmapheresis only donation
data from the same time period in the year prior (2019).

2.3 | Antibody tests

SARS-CoV-2 Ab testing on each donation was initially
performed by the NYS Department of Health (DOH)
(New York SARS-CoV Microsphere Immunoassay for Ab
Detection, Wadsworth Center at the NYS DOH,
New York, NY); results were provided as positive, nega-
tive, or indeterminate. Of donors initially tested by NY
State, all negative and indeterminate donors and a subset
of reactive donors were later tested by NYBC laboratories
using tests providing an Ab S/CO ratio: VITROS Immu-
nodiagnostic Products Anti-SARS-CoV-2 Total Reagent
Pack (Ortho-Clinical Diagnostics, Rochester, NY) and/or
Architect SARS-CoV-2 IgG (Abbott Laboratories, Abbott
Park, IL).
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2.4 | Statistics

Descriptive statistics were generated for ethnicity, gender,
ABO group, BMI category, symptom duration, and time
since symptom onset. For comparison of CCP to WB and
plasmapheresis donor and donation data, one-sample
tests of proportions and one-sample t-tests were con-
ducted. In addition, for two-group comparisons, Student's
t-tests were used to test mean differences for continuous
measures and Chi-square tests were used to test for cate-
gorical associations. Antibody platform analyses were
conducted stratified by gender and parallel analyses
were run for each of the two immunoassay tests. For
donor data, invalid dates were set to missing and listwise
deletion was implemented for missing data.

Bivariate statistical tests were conducted to test asso-
ciations between characteristics and Ab S/CO ratio levels.
Linear regression models were generated to further
explore the relation between measures examined in the
stratified and bivariate analyses. Statistical analyses were
conducted with RStudio (R Foundation for Statistical
Computing, 2019, https://www.R-project.org), Tableau,
Microsoft Office 365 Excel (version: 2002), and Python.

3 | RESULTS

3.1 | Donor characteristics

Over the ~4 month period of analysis, a total of 8875
unique CCP donors contributed to a total of 11,794
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FIGURE 1
19 case infections. (A) By donor home zip code (B) by donor center county.
figure can be viewed at wileyonlinelibrary.com]

1t Colborne

successful donations. Figure 1 shows, by zip code (NYC)
and county (NYS) residence, the differences in the per-
cent of CCP donors subtracted from the percent of
COVID-19 cases (as tabulated by NYCY and NYS').
Within NYC, the CCP donor distribution generally mir-
rored the COVID-19 infection distribution, with the
highest over-representation in parts of Manhattan,
Brooklyn, and Staten Island. On the NYS level, CCP
donor percentages were higher than COVID-19 case per-
centages in NYC, Long Island, Rockland, and
Westchester counties. Counties with the highest propor-
tion of donors were Nassau (17%), New York (14%), Suf-
folk (10%), Queens (10%), Westchester (10%), Kings (9%),
and Rockland (6%).

Figure 2 shows characteristics of CCP donors, totaling
8875 unique donors, compared to our 2019 WB donors,
totaling 74,368 unique donors. The gender distribution of
CCP donors at 51.6% female and 48.4% male was signifi-
cantly (p < 0.002) although mildly different from that of
our WB donors of 49.8% female and 50.2% male. Most
CCP donors were in their 30s through 50s, with the mean
being 45 + 14 years, statistically (p < 0.001) but again
mildly different from our WB donor age mean of 43
+ 17 years. Although mostly of O and A blood types,
fewer CCP donors than WB donors had O blood type and
more had A blood type. NYBC, however, specifically
recruits WB donors with O blood type, whereas specific
ABO types were not targeted in CCP donors. More CCP
compared to WB donors had the AB type, which is desir-
able as the universal plasma donor. CCP compared to
WB donors were more likely to be white and less likely
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FIGURE 2
(B) ABO type (C) ethnicity (D) body mass index class

to be Latino, Asian, or black. During this time period,
however, NYBC suspended its mobile drives, which pro-
vide outreach to communities of color. The BMI distribu-
tion of CCP donors was 30% obese, 36% overweight, 32%
normal, and less than 1% underweight; distribution com-
pared to that of WB donors significantly differed only in
the underweight category.

3.2 | Donation deferrals

Of 13,633 presentations for CCP donation and 82,468 pre-
sentations for WB, 1502 (11%) of CCP compared to 8875
(11%) of WB presentations were deferred at the time of
their onsite visit. For onsite deferrals (Figure 3(A)), pro-
spective CCP compared to WB donors had higher per-
centages deferred for Hgb/Hct, medications, weight,
and not feeling well, and lower percentages deferred
for vital signs and travel/residence. Of 11,794 success-
ful CCP donations and 78,342 successful WB dona-
tions, 1086 (9.2%) of CCP donations versus 1142 (1.5%)
of WB donations (p < 0.0001) were discarded or diver-
ted based on post-donation testing. For post-donation

Obese Overweight Normal Underweight

u CCP Female CCPMale mwWBall

Characteristics of coronavirus disease 19 convalescent plasma donors, with comparisons to whole blood donors. (A) Age

deferrals (Figure 3(B)), CCP donors had a higher per-
centage of deferrals from plasma and platelet donation
for HLA Abs and a lower percentage of deferrals for
transmissible disease testing (TDT) markers. Given the
lower number of successful CCP donations, however,
the absolute TDT deferral rate was 0.63% of all success-
ful CCP donations versus 0.27% of all successful WB
donations. Of note, first-time donors made up 64% of
CCP donors compared to 19% of WB donors during
their respective time periods.

3.3 | Donation adverse events

In order to compare the same type of collection proce-
dure, adverse events incurred while donating CCP were
compared to those with standard plasmapheresis, for
which 598 unique donors contributed a total of 754 suc-
cessful donations in 2019. Of the three types of adverse
events (Figure 4), CCP donors had a higher rate of vaso-
vagal reactions (1.1% versus 0.5%, p < 0.0001) and lower
rate of bruising (4% versus 4.6%, p < 0.001), but there
was no difference in the rate of citrate toxicity (0.14%
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donations. (B) First-time CCP versus repeat CCP donations

versus 0.13%). Within the CCP donor group, first-time
blood donors had higher rates of all reactions compared
to repeat blood donors. Overall, collected products
were rejected for insufficient quantity in 1.4% of CCP
donations compared to 1.6% of plasmapheresis only
donations.

3.4 | Utility of various Ab testing
platforms

Table S1 summarizes the Ab platforms used to test NYBC
CCP donor samples during the time period studied. Ini-
tially, CCP plasma was tested with the NYS DOH anti-
nucleocapsid total Ig test, for which results were reported
as reactive, non-reactive, or indeterminate. Figure 5(A)

oy}
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w
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0 |
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On-site adverse events for coronavirus disease 19 convalescent plasma (CCP) donations. (A) CCP versus plasmapheresis

shows the percentage of each NYS DOH result by gender.
Of 8340 donors tested with the NYS DOH platform, 92%
were reactive, 4% were non-reactive, and 4% were inde-
terminate. Because of its conservative criteria for reactiv-
ity (6 SDs above cutoff) and nucleocapsid specificity,
donors were re-tested once NYBC initiated in-house
Ortho platform anti-spike total Ig testing. Figure 5(B)
shows results of anti-spike total Ig testing in individuals
who were indeterminate or negative by NYS DOH test-
ing; 95% of indeterminate and 40% of non-reactive donors
tested reactive for anti-spike total Ig. Figure 5(C) displays
the anti-spike total Ig S/CO ratios for the three groups of
NYS DOH results. The median S/CO ratio for the entire
sample was 55, while the median S/CO ratios for the
reactive, indeterminate, and non-reactive groups were
148, 44, and 0.1, respectively.
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3.5 | Correlates of Ab S/CO ratios

Table 1 shows the results of univariate regression analysis
for the outcome of anti-spike total Ig and anti-
nucleocapsid IgG S/CO ratios (on first donation) and the
following independent variables: age, gender, BMI, ABO
type, ethnicity, symptom duration, and days from symp-
tom onset to first donation. The mean symptom duration
was 14.1 + 9.4 days, with a median 13 (range 0-103)
days. The mean days from symptom onset to first dona-
tion was 56.9 + 24.7 days, with a median 53 (range 14-
120) days. On univariate analysis, significant correlates
for anti-spike total Ig S/CO were male gender, Hispanic
ethnicity, obese BMI, and symptom duration. Significant
correlates for anti-nucleocapsid IgG S/CO were increas-
ing age, male gender, overweight or obese BMI, and days
between symptom onset and first donation.

Table 1 also shows the multivariable analysis per-
formed on the subset of donors for whom data on symp-
tom duration and days between symptom onset and first
donation was available. All variables except ABO type
(because of lack of significance on univariate analysis)
were carried into the multivariable analysis. Anti-spike
total Ig and anti-nucleocapsid IgG S/CO had different
correlates: for anti-spike total Ig, the three correlates
were Hispanic ethnicity, overweight BMI, and symptom
duration. Being Hispanic predicted a mean S/CO increase
of 92 units; being overweight predicted a mean decrease

of 43 units compared to normal weight, and each day
increase in symptom duration predicted a mean increase
of 3 units. For anti-nucleocapsid IgG S/CO, the four cor-
relates were age, gender, Hispanic ethnicity, and days
between symptom onset and first donation. Each year
increase in age predicted an S/CO mean increase of
0.1 units; being male predicted a mean increase of 1.5 units
compared to females; Hispanic ethnicity predicted a mean
increase of 2 units; and each day increase in days between
symptom onset and first donation predicted an S/CO
decrease of 0.04 units.

4 | DISCUSSION

Previous studies suggest that people of male gender,
older age,*" higher BMI,** and Hispanic and black ethnic-
ity * may have higher susceptibility to SARS CoV-2
infection. Indeed, in NYS, those more likely to be diag-
nosed with SARS-CoV-2 infection were males, those
55 years of older, Hispanics, and blacks.”* Comparing
CCP to WB donors, however, females, older age, and
whites were significantly over-represented. During the
study time period, however, NYBC was the beneficiary of
CCP donation efforts within the Orthodox Jewish com-
munity and also was not collecting blood through mobile
drives, where we historically recruit the majority of our
non-white donors.
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TABLE 1

Univariate analysis

Univariate and multivariable analyses for correlates of Ortho and Abbott S/CO ratios®

Multivariable analysis

Ortho S/CO (n = 1080)

Abbott S/CO (n = 389)

Ortho S/CO (n = 349) Abbott S/CO (n = 88)

Predictor B (SE) 2l B (SE)
Age 0.58 (0.38) NS 0.06 (0.02)
Gender (ref group: 23.43(9.93) 0.019 0.91 (0.31)
female)
Ethnicity
Black 61.85 (44.90) NS 2.41 (1.55)
Hispanic 85.75(21.77)  <0.001 0.92 (0.69)
Multiracial 3.33 (46.54) NS 0.51 (1.39)
White Ref group - Ref group
Asian 3.49 (36.16) NS 0.31
BMI categories
Underweight 53.48(93.10) NS 4.24 (2.96)
Normal Ref group - Ref group
Overweight 26.05 (11.48) NS 1.43 (0.35)
Obese 80.95(12.55)  <0.001 1.85 (0.40)
Unknown 62.35(54.16) NS 2.09 (2.10)
ABO
AB —22.48 NS —0.85(0.72)
B —0.84 NS 0.27 (0.48)
0 15.95 NS —0.40 (0.34)
A Ref group - Ref group
Symptom duration 2.34 (1.09) 0.032 0.02 (0.05)
Days between —0.36(0.29) NS —0.05 (0.01)

symptom onset
and first donation

Abbreviation: NS, not significant.
#Significant correlates are shown in bold.

Previous studies also suggest that the O blood group may
be associated with slightly lower and the A blood group with
slightly higher susceptibility to SARS-CoV-2 infection.*>?’
Comparison to our WB donor ABO type distribution is con-
sistent with the reported risks, with the caveat that NYBC
specifically targets O blood type donors for WB donations.
We therefore calculated, based on our CCP donor ethnicity
distribution,?® our expected ABO type distribution, which is
as follows: 44% O, 36% A, 11% B, and 4% AB. Our actual dis-
tribution is significantly different from expected (p < 0.0001
for all ABO types), and consistent with the previously
reported risks. Also observed is a relative increase in AB
blood type among CCP donors, which is beneficial given that
AB donors are universal plasma donors.

Another study'* also evaluated donation-related
adverse events and reasons for post-donation deferral.
Their group found increased adverse events (significance

p-value  p (SE) p-value f (SE) p-value
<0.001 —0.02 (0.70) NS 0.09 (0.03) 0.001
0.003 12.47 (18.72) NS 1.49 (0.69) 0.034
NS —21.79(50.30) NS 3.24 (1.78) NS
NS 91.76 (26.78) <0.001 2.12(0.91) 0.023
NS —64.51 (62.46) NS 1.05 (2.16) NS

- Ref group - Ref group -

NS 1.53 (43.99) NS 1.34 (1.37) NS
NS —25.41(116.12) NS n/a

- - - Ref group -
<0.001 —43.01 (21.64)  0.048 —0.77 (0.78) NS
<0.001 41.44 (22.9) NS —0.78(0.84) NS
NS 71.07 (96.65) NS n/a

NS

NS Not included Not included

NS

NS 3.07 (1.10) 0.006 0.052 (0.05) NS
<0.001 —0.71 (0.39) NS —0.04(0.02)  0.049

not provided) in CCP compared to apheresis blood
donors. In our study with a similar percentage of first-
time blood donors (64% versus 56% in their study), CCP
donors had an increased rate for only vasovagal reac-
tions; their hematoma rate was slightly lower and their
citrate reaction rate was similar. Similarly, their study
had a higher percentage of CCP products rejected due to
insufficient quantity (6.4%) compared to ours (1.4%).
Study differences are likely related to our comparison to
plasmapheresis only donors, whereas their comparison
group was both platelet- and plasma-pheresis donors.
Our study is unique in evaluating reasons for on-site
deferral, with Hb/Hct the most common reason for defer-
ral in both CCP and WB donors. The second and third
most common reasons for deferrals in CCP donors were
vital signs (blood pressure most common) followed by
travel/residence, whereas in WB donors these were
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reversed (travel/residence then vital signs). For post-
donation deferrals, our study also found HLA Ab reactiv-
ity to the most common reason for deferral, followed by
positive TDT markers; as with the previous study,'* posi-
tive hepatitis B screening was the most common TDT-
related cause for deferral.

Our analysis of the variation in Ab reactivity with
the NYS DOH anti-nucleocapsid total Ig compared to
Ortho anti-spike total Ig highlights the importance of
comparing Ab platforms and adjusting as needed.
Since 95% and 40% of indeterminate and non-reactive
NYS DOH results were reactive by Ortho anti-spike Ig
testing, reliance on the NYS DOH test alone would
have resulted in our ceasing CCP collection on
318 indeterminate and 132 non-reactive donors. NYBC
has continued to adjust its testing algorithm given cur-
rent data that neutralizing Ab levels correlate best
with anti-S1 IgG and anti-S1 total Ig levels®*!; we
now use Ortho platform anti-spike IgG and anti-spike
total Ig testing. Ab testing platform is also relevant for
distinguishing between vaccine-induced anti-spike
versus infection-induced COVID-19 immunity; Abbott
anti-nucleocapsid IgG testing has good correlation
with neutralizing Ab titer'®*! and identifies infection-
induced COVID-19 immunity.

Among patients hospitalized with COVID-19 and not
receiving mechanical ventilation, transfusion of high-titer
CCP reduced COVID-19 progression and was associated
with a lower risk of death.”® With the FDA now requit-
ing transfusion of high-titer CCP only (currently based
on an S/CO cutoff with the Ortho VITROS IgG assay of
9.5 or greater), identifying predictive factors for CCP
donors likely to have high titers would be useful. Our
analysis of correlates for both anti-spike total Ig and anti-
nucleocapsid IgG S/CO ratios, both of which correlate
well with neutralizing Ab titer,* is notable for its sample
size of up to 1080 donors with univariate and 349 donors
with multivariate analysis, compared to previous stud-
ies'*!® with sample sizes of no more than 250 donors.

Previous analyses, in either donor or patient popu-
lations, found associations of Ab titer with older age,
male gender, AB versus O blood type, fever during acute
illness, and hospitalization.">®* On univariate analysis,
we also found that older age and male gender were corre-
lates of Ab S/CO ratios, but did not find any association
with ABO type. We also identified correlates, such as eth-
nicity, BMI, and symptom duration, that were not previ-
ously shown to correlate with Ab S/CO ratios. In fact,
previous smaller studies found no correlation of BMI and
symptom duration with initial antibody titer.'*” How-
ever, a negative association of BMI is plausible given the
greater risk of mortality among overweight patients.*

Association of longer symptom duration is also plausible
given its correlation with disease severity,'” which is a
predictor of Ab titer.'®'7*

We also found days between symptom onset and first
donation to be a negative predictor of anti-nucleocapsid
IgG S/CO ratio, a plausible association given typically
declining anti-spike and anti-nucleocapsid IgG levels
over time.'”*** Indeed, recent FDA guidance specifies
that CCP donors who also receive SARS-CoV-2 vaccina-
tion can only donate within 6 months after symptom res-
olution. Our data, considered with data observing
relatively low anti-spike and anti-nucleocapsid IgG S/CO
ratios prior to 28 days from symptom onset to first
donations,* suggest that the optimal period of time
to recruit donors for CCP donation is between 1 and
6 months post-symptom onset.

There are some limitations to this study. The period
of analysis covers the first pandemic wave, but not the
second one, and CCP against the strains present during
the first pandemic may be less effective against the cur-
rent circulating variants.*® Our uni- and multi-variate
analysis for correlates of Ab S/CO titer was retrospective
only, without a prospective validation cohort, and did not
include some potentially easily collectable variables, such
as history of hospitalization.

Collection and usage of CCP is currently waning
given increasing vaccination rates and availability of
alternative early-stage treatments. Nevertheless, our data
on CCP donor characteristics, on-site and post-donation
donation deferrals, donation adverse events, utility of
evolving Ab testing platforms, and clinical correlates
of Ab S/CO ratios will help blood centers to better pre-
pare for any future pandemics or any recurrent waves of
COVID-19 infection due to evolution of more virulent
SARS-CoV-2 strains.
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