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Abstract

Background: COVID-19 convalescent plasma (CCP) was approved under

emergency authorization to treat critically ill patients with COVID-19 in the

United States in 2020. We explored the demographics of donors contributing

plasma for a hyperimmune, plasma-derived therapy to evaluate factors that

may be associated with anti-SARS-CoV-2 antibody response variability and,

subsequently, antibody titers.

Study Design: An electronic search of CCP donors was performed across

282 US plasma donation centers. Donations were screened for nucleocapsid

protein-binding-IgG using the Abbott SARS-CoV-2 IgG assay.

Results: Overall, 52 240 donors donated 418 046 units of CCP. Donors were of

various ethnicities: 43% Caucasian, 34% Hispanic, 17% African American, 2%

Native American, 1% Asian, and 3% other. Females had higher initial mean

anti-SARS-CoV-2 antibody titers but an overall faster rate of decline

(P < .0001). Initial antibody titers increased with age: individuals aged 55 to

66 years had elevated anti-SARS-CoV-2 titers for longer periods compared with

other ages (P = .0004). African American donors had the lowest initial anti-

body titers but a slower rate of decline (P < .0001), while Caucasian

(P = .0088) and Hispanic (P = .0193) groups had the fastest rates of decline.

Most donor antibody levels decreased below the inclusion criteria (≥1.50)
within 30 to 100 days of first donation, but donation frequency did not appear

to be associated with rate of decline.

Conclusion: Several factors may be associated with anti-SARS-CoV-2 anti-

body response including donor age and sex. Evaluating these factors during

development of future hyperimmune globulin products may help generation

of therapies with optimal efficacy.
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1 | INTRODUCTION

Convalescent plasma (CP) has been used to treat various
infectious diseases including Ebola, middle eastern respira-
tory syndrome (MERS), severe acute respiratory syndrome
(SARS), and, more recently, COVID-19, caused by SARS
coronavirus 2 (SARS-CoV-2).1-11 CP can be collected from
non-remunerated donors at blood centers or at source
plasma centers, where donors receive payment for dona-
tions, and can be used for both direct patient infusion and
to make hyperimmune globulin products. On March
24, 2020, under an emergency access program, the Food
and Drug Administration (FDA) issued an emergency use
authorization for COVID-19 convalescent plasma (CCP) in
critically ill patients with COVID-19 or those at high risk of
severe disease.12 Studies evaluating CCP have yielded het-
erogenous findings: some demonstrate an improvement in
COVID-19 disease course, with a potential benefit being
particularly evidenced when CCP is transfused early in dis-
ease course,13-16 while others suggest little benefit of CCP
in treatment of COVID-19.3,17-23

Early in the COVID-19 pandemic, CSL Plasma and
several other companies joined efforts as the CoVIg-19
Plasma Alliance to collect CCP for development of a
COVID-19 hyperimmune globulin product (CoVIg-19).
Two other companies (Grifols and Emergent BioSolu-
tions) worked separately with the Biomedical Advanced
Research Development Authority (BARDA) to develop
two additional COVID-19 hyperimmune globulin prod-
ucts. These COVID-19 hyperimmune globulin products
were subsequently investigated in a Phase 3 clinical
trial (NCT04546581) that sought to study the safety,
efficacy, and tolerability of a combination of remdesivir
(and other standard of care) and hyperimmune globu-
lins to treat patients with COVID-19. Approximately,
600 adult patients with COVID-19 were enrolled in
the United States and 10 other countries across 5 conti-
nents.24,25 Patients were enrolled if they had been
hospitalized and symptomatic with COVID-19 for
12 or fewer days without life-threatening pulmonary
dysfunction or organ failure.24,25 Though the study
demonstrated that there were no safety concerns with
CoVIg-19, there was no evidence of improved clinical
outcomes at day 7 with CoVIg-19 compared with pla-
cebo.24,25 While further analysis is pending, it is
important to establish why the hyperimmune COVID-
19 immunoglobulin product did not provide signifi-
cant clinical benefit and what can be done in the
future to improve study outcomes with hyperimmune
globulins.

In this study, we sought to assess the demographics of
the donors whose CCP was used to develop the CoVIg-19
product manufactured by CSL Behring for the Plasma

Alliance to better understand factors that correlate with
the anti-SARS-CoV-2 antibody response and the rate of
antibody dissipation. Through an improved understand-
ing of these factors, we hope to gain further insight into
the immune response to COVID-19 and how we might
better respond to the need for a hyperimmune product in
the future.

2 | MATERIALS AND METHODS

2.1 | Donor recruitment

Between April 28, 2020, and April 21, 2021, CSL Plasma soli-
cited convalescent donors from the community and required
proof of previous COVID-19 infection (either testing positive
for anti-SARS-CoV-2 antibodies or having had a positive
COVID-19 PCR test), provided by the donor. Donors who
were already giving plasma in the United States were offered
anti-SARS-CoV-2 antibody testing at plasma collection cen-
ters. All CCP donors were required to be at least 14 days
post-recovery from COVID-19 symptoms or at least 14 days
post-positive COVID-19 test. CCP volumes collected were
similar to volumes collected during non-COVID-19 plasma-
pheresis in source plasma centers. Donors who had been
vaccinated were not eligible for inclusion in the study. Each
plasma donation was tested for anti-SARS-CoV-2 antibody
levels to ensure inclusion of high titer donations only.

2.2 | Donor demographics data
collection

An electronic search of all CCP donors was performed
across 282 plasma donation centers in the United States
operated by CSL Plasma. All donors were applicants or
qualified by the Plasma Protein Therapeutics Associa-
tion's (PPTA) International Quality Plasma Program
(IQPP) process. Donor demographics assessed included
age, sex, ethnicity, location, and number and frequency
of donations. Donor sex and ethnicity were self-reported.

2.3 | Anti-SARS-CoV-2 antibody testing

All plasma donations were screened for nucleocapsid
(NC) protein-binding-IgG using the Abbott SARS-CoV-2
IgG diagnostic method (Cat. #06R8620, Abbott Laborato-
ries, Abbott Park, Illinois) run on an Abbott ARCHI-
TECT Analyzer, according to the manufacturer
instructions. This assay qualitatively detects IgG anti-
bodies against the SARS-CoV-2 NC protein, with an assay
specificity of 99.6% to 99.9% and sensitivity of 100%.26

450 SCHMIDT ET AL.



The signal to cut-off ratio in each sample was determined
automatically through comparison of the measured
chemiluminescent relative light unit (RLU) to the cali-
brator RLU, which is reported as index sample/calibrator
(S/C). Results ≥1.40 index S/C are considered positive
and donors whose initial anti-SARS-CoV-2 antibody
levels fell below this level were either not entered into, or
excluded from, the CCP donor program. For practical
reasons, a ≥1.50 cut-off was utilized for longitudinal anal-
ysis of donor titers in this study.

2.4 | Evaluation of rate of decline

From the total cohort, only donors who provided ≥5
donations were considered for the rate of decline studies
to achieve a robust estimation. Based on the linear rela-
tionship between titer and time (in days) observed for
most donors, we utilized the following linear model:

T dð Þ¼T0þ r�d:

where T(d) = titer d days after first donation;
T0 = estimated initial titer; d = days since first donation;
and r = rate of decline (or increase) of the titer per day. T0
and r were estimated via linear regression, but separately
for each donor. Donor titers were assessed up to 120 days
post-first donation, as this was the longest period in which
there was a large enough cohort of donors.

2.5 | Statistical analysis

Univariate analysis was performed using standard, two-
sided t-tests with the null hypothesis assuming no differ-
ence between two groups. Tested variables were donor
sex, age, and ethnicity. A cut off of P < .05 indicated sig-
nificance. Multivariate analysis was performed to investi-
gate the impact of sex and titer of first donation on the
rate of decline and results are displayed via boxplots
showing the rate of decline distribution, stratified by sex
and ranges of the titer of first donation. All statistical
analyses were performed using R.27

3 | RESULTS

3.1 | Donor demographics

A total of 52 240 donors donated 418 046 units of conva-
lescent COVID-19 plasma between April 2020 and April
2021. There were 8399 (16%) donors who donated once
and 43 841 (84%) donors who donated more than once.

The majority of CCP donors donated every 4 days. There
was a slight male donor predominance (n = 28 210, 54%)
compared with females (n = 24 030, 46%; Table 1). Donor
age ranged from 18 to 66 years old, with a mean (SD) age
of 36.42 ± 12.39 years old. Donors were of various ethnic-
ities, with the most common being Caucasian
(n = 22 463, 43%) and Hispanic (n = 17 762, 34%;
Table 1). The most common donor region was the South-
west (n = 21 418, 41%).

3.2 | Initial anti-SARS-CoV-2 antibody
titers

The mean (SD) initial anti-SARS-CoV-2 antibody level
for females was 4.28 ± 1.94 compared with 4.08 ± 1.92
for males (P < .0001; Figure 1A, Table 2). Mean initial
anti-SARS-CoV-2 antibody levels varied by both age and
ethnicities: antibody levels tended to rise with increasing
age, with significant differences observed between all age
groups when compared with each other (P < .0001),
while both the Asian and Native American subgroups

TABLE 1 Donor demographics

Characteristic N = 52 240

Sex

Male 28 210 (54%)

Female 24 030 (46%)

Age (years)

18-25 9403 (18%)

26-40 21 418 (41%)

41-55 16 195 (31%)

56-66 5224 (10%)

Ethnicity

African American 8881 (17%)

Asian 522 (1%)

Caucasian 22 463 (43%)

Hispanic 17 762 (34%)

Native American 1045 (2%)

Other 1567 (3%)

Region

Midwest 12 538 (24%)

Northeast 2612 (5%)

Rocky Mountains 3134 (6%)

Southeast 11 493 (22%)

Southwest 21 418 (41%)

West 1045 (2%)

Note: All values are n (%).
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demonstrated statistically significant higher initial anti-
SARS-CoV-2 antibody levels compared with all other
groups (P < .0001). In contrast, the initial anti-SARS-
CoV-2 antibody levels were significantly lower in the
African American subgroup compared with all other eth-
nicities (P < .0001; Table 2).

3.3 | Rate of antibody decline by sex

The mean rate of anti-SARS-CoV-2 antibody decline was
significantly different between the sexes, with a rate of
decline of �1.92 ± 1.09 for females and �1.57 ± 1.0 for
males, respectively (P < .0001; Table 2). The change in

anti-SARS-CoV-2 titer per day was also greater in females
than males (Figure 1B). Multivariate analysis evaluating
the relationship between rate of decline, sex, and the titer
of first donation further confirmed these findings and
also suggested that, regardless of sex, higher initial anti-
body titers, up to a certain level, may give rise to a stron-
ger rate of decline over time (Figure 1C).

3.4 | Rate of antibody decline by age

A trend of increasing mean initial levels of anti-SARS-
CoV-2 antibody was observed with increasing donor age,
which was paralleled by a slower rate of decline with

FIGURE 1 Anti-SARS-CoV-2 antibody levels and

sex. (A) Distribution of mean initial anti-SARS-CoV-2

titers by sex. Anti-SARS-CoV-2 antibody levels (S/C

ratio) were determined by the Abbott assay (x-axis), with

an S/C of <1.40 indicating negativity. The y-axis

represents the relative frequency (density) of donors.

(B) Change in anti-SARS-CoV-2 antibody titers per day

by sex. The x-axis shows the change in anti-SARS-CoV-2

antibody levels and the y-axis represents donor density.

(C) Change in anti-SARS-CoV-2 titer per day by initial

titer range and sex
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TABLE 2 Initial mean anti-SARS-CoV-2 antibody level and rate of decline by sex, age, and ethnicity

Initial mean anti-SARS-CoV-2 antibody level Rate of declinea

Mean ± SD P valueb Mean ± SD P valueb

Sex

Male 4.08 ± 1.92 <.0001 �1.57 ± 1.00 <.0001

Female 4.28 ± 1.94 <.0001 �1.92 ± 1.09 <.0001

Age

18-25 3.66 ± 1.71 <.0001 �1.81 ± 1.04 <.0001

26-40 4.09 ± 1.93 <.0001 �1.74 ± 1.07 .2807

41-55 4.55 ± 1.97 <.0001 �1.71 ± 1.05 .0886

55-66 4.98 ± 1.95 <.0001 �1.66 ± 1.08 .0004

Ethnicity

African American 4.06 ± 1.98 <.0001 �1.61 ± 1.04 <.0001

Asian 4.81 ± 2.02 <.0001 ND ND

Caucasian 4.16 ± 1.91 .0961 �1.76 ± 1.10 .0088

Hispanic 4.25 ± 1.94 .0110 �1.76 ± 1.02 .0193

Native American 4.54 ± 1.94 <.0001 �1.72 ± 1.07 .4002

Other 4.17 ± 1.89 .3886 �1.71 ± 1.01 .2165

Abbreviations: CCP, COVID-19 convalescent plasma; ND, not determined; SD, standard deviation.
aRate of decline was determined from donors who donated at least five times.
bP value determined for each subgroup vs all others. ND values could not be calculated due to limited sample size.

FIGURE 2 Anti-SARS-CoV-2 antibody levels and

age. (A) Distribution of initial anti-SARS-CoV-2 titers by

age. Anti-SARS-CoV-2 antibody levels (S/C ratio) were

determined by the Abbott assay (x-axis), with an S/C of

<1.40 indicating negative titers. The y-axis represents

the relative frequency (density) of donors. (B) Time until

anti-SARS-CoV-2 antibody titer drops to <1.50 by age
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increasing age (Figure 2A,B, Table 2). The mean rate of
antibody decline was significantly faster for the 18 to
25-year-old group (P < .0001) and significantly slower for
the 55 to 66-year-old group (P = .0004) compared with
the other age groups. Thus, older donors appeared to
have anti-SARS-CoV-2 antibody levels that were initially
higher and persisted for extended periods of time com-
pared with younger donors.

3.5 | Rate of antibody decline by
ethnicity

The rate of decline demonstrated significant variability
between ethnicities, most notably being significantly
slower in the African American group compared with all
other groups (�1.61 ± 1.04, P < .0001; Table 2). Of note,
African American donor initial antibody levels were also
the lowest of any ethnic group analyzed. Intergroup com-
parisons also revealed various significant differences in
the rate of decline between ethnicities, with the Cauca-
sian and Hispanic groups demonstrating the fastest rates
of decline (�1.76 ± 1.10, P = .0088 and �1.76 ± 1.02,
P = .0193, respectively) (Table 2).

3.6 | Rate of antibody decline by
frequency of donation

The time for anti-SARS-CoV-2 antibody levels to decrease
to a level of <1.50 was right skewed with the majority of
donors decreasing to <1.50 between 30 and 100 days after
their first donation. By approximately 120 days, almost
all donors had antibody levels that were essentially unde-
tectable; however, approximately 5% of the donor popula-
tion appeared to have at least a neutral titer evolution up
until day 120 (Figure 3). The rate of antibody decline was
unchanged when analyzed using frequency of donation
as an additional explanatory variable. Additionally, the
rate of antibody decline was not faster in the donors who
donated twice weekly compared with those who donated
less frequently.

4 | DISCUSSION

This study assessed anti-SARS-CoV-2 antibody titers and
their rate of decline in a large CCP cohort to identify cor-
relations between plasma donor characteristics and anti-
body response in the United States.

FIGURE 3 Temporal evolution of anti-SARS-CoV-2 antibody levels. (A) Change of anti-SARS-CoV-2 titer over time relative to the first

donation and out to 120 days after the first donation. Assessing titers beyond 120 days resulted in a significant reduction in donor numbers

and thus too small a cohort for meaningful analyses. The distribution of the change in anti-SARS-CoV-2 titer across the donor population is

displayed by quantiles, with the inner 98% of the distribution shaded in light blue and the central 50% in darker blue. (B) The number of

donors with donations after X days since the first donation
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In this study, female CCP donors had higher mean
initial anti-SARS-CoV-2 antibody levels compared with
males; however, the rate of decline was more rapid in
females, perhaps suggesting that lower initial titers in
males might be offset by a slower rate of decline. Indeed,
multivariate analysis confirmed that, regardless of sex,
higher initial antibody titers appeared to be associated
with a faster rate of antibody decline. In contrast to our
findings, several studies have found that males tend to
have higher levels of convalescent anti-SARS-CoV-2 anti-
bodies.28-34 Jain et al demonstrated that higher levels of
anti-nucleocapsid IgG S/C ratios were associated with
males, older age, Hispanic ethnicity, and fewer days
between symptom onset and first donation.35 Another
study found that higher neutralizing antibody levels were
observed in males, older donors, and previously hospital-
ized donors,33 while a study using the same antibody
assay as in this study (Abbott SARS-CoV-2 IgG assay) did
not find any association between donor sex and anti-
SARS-CoV-2 antibody level.36 The discrepancies in the
association of CCP donor sex with antibody response
could be a result of several factors. Of note, several of the
studies that found higher convalescent anti-SARS-CoV-2
antibody levels in males evaluated neutralizing antibody
levels, while in our study, we examined anti-NC IgG
levels using the Abbott assay. Although the Abbott assay
has been confirmed to correlate well with neutralizing
antibody assays (Figure S1), methodological differences
may play a role in these discrepancies. This is partially
supported by Karbiener et al who employed the Abbott
assay and did not find a difference in antibody levels
between the sexes.36 Additionally, there is likely an
impact of temporal heterogeneity between studies:
females had faster rate of anti-SARS-CoV-2 antibody
decline thus, depending upon when titers were assessed,
their antibody levels could have fallen below those of
their male counterparts. Biologically, females tend to
have stronger immune responses to infection which is
thought to be, in part, due to genetic and hormonal influ-
ences on the immune system.37,38 Additionally, testoster-
one has been found to have a suppressive effect on
immune function.39 The higher titers observed in females
in this study could, therefore, also be a reflection of these
biological factors. The differences in anti-SARS-CoV-2 titers
between males and females in our study are numerically
small but statistically significant, and though potentially
not imperative in choosing CCP units for direct infusion to
patients, could be important in the manufacture of hyper-
immune globulin products where 3000 to 5000 units are
pooled and fractionated. Thus, further studies are needed
to evaluate sex discrepancies in the SARS-CoV-2 antibody
response and rate of decline to determine the potential
impact for future hyperimmune globulins.

Like several of the previously described studies, we
found that older age was associated with higher anti-
SARS-CoV-2 antibody levels in CCP. Individuals in the
highest age bracket (55-66 years old) had elevated anti-
body levels that persisted for extended periods of time
(>100 days) compared with donors of all other ages,
while donors aged 18 to 30 years old tended to have
lower initial anti-SARS-CoV-2 antibody levels that dimin-
ished more quickly. This aligns with the study by Karbi-
ener et al, who evaluated anti-SARS-CoV-2 antibody
levels in 8749 CCP units in a longitudinal study and saw
a decrease in mean antibody titer over time which was
attributed to an increase in CCP donation by younger
donors.36 They found that younger donors had lower
levels of anti-SARS-CoV-2 antibody levels and that CCP
units with the highest anti-SARS-CoV-2 antibody levels
were obtained soon after convalescence from COVID-19
patients who required hospitalization, from advanced age
donors, and from Black/African/Hispanic American vs
White/Caucasian ethnicities. Similarly, several other
studies have also found that older CCP donors had higher
neutralizing antibody levels.33,34,40 It may be surprising to
some that older individuals tended to demonstrate higher
anti-SARS-CoV-2 antibody levels that persisted for longer
than younger donors, but this has been a consistent find-
ing in CCP studies. This phenomenon may be secondary
to older individuals being more prone to being sicker and
more symptomatic with COVID-19 compared with youn-
ger people.41-43 Typically, individuals who are more symp-
tomatic with a particular illness develop a stronger
immune response to fight the illness and recover.38,44 This
is well established and these individuals have long been
targeted as a source of CP.45,46 Thus, older donors who
had perhaps experienced enhanced immune responses
(both in initial titers and in longevity of response) to
SARS-CoV-2 than their younger counterparts may have
had significantly higher levels anti-SARS-CoV-2. Addition-
ally, immune response is known to wane over time; how-
ever, the anti-SARS-CoV-2 antibody response is
particularly fast to wane.47 Of note, in the last few years,
CSL Plasma has expanded the donor age limits to include
individuals up to age 75. Older donors currently comprise
a small proportion of source donors (as suggested by the
oldest age bracket in our study, 55-66, being the smallest
proportion of donors [10% total]). This may be in part
caused by the regulatory changes to donor age being rela-
tively new. Overall, the source plasma donor population
tends to be younger in comparison to whole blood
donors.48 The data in this study validates CSL Plasma's
donor age group expansion and the low proportions of
older donors could perhaps suggest that older donors
should be actively recruited when developing hyperim-
mune globulin products in the future.
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Hispanic, African American, and Native American
ethnic groups comprised a considerable proportion of the
CCP donors in this study compared with others.33,49-51

We found that donors of Asian ethnicity had the highest
mean initial anti-SARS-CoV-2 antibody levels of all eth-
nicities, while African Americans had the lowest mean
initial antibody levels. In contrast, Karbiener et al found
that Black/African American CCP donors had higher
anti-SARS-CoV-2 antibody levels compared with White/
Caucasian ethnicities, though they also reported higher
titers in donors of Hispanic ethnicity compared with
White/Caucasian Americans.36 Jain et al also saw higher
levels of anti-SARS-CoV-2 antibodies in Hispanic conva-
lescent donors.35 Interestingly, African American CCP
donors had the slowest rate of antibody decline as com-
pared with other groups. Vassallo et al studied anti-
SARS-CoV-2 antibody seropositivity and demographics of
blood donors and found that female sex, non-Hispanic
White or Asian ethnicity, and age ≥65 were associated
with lower odds of anti-SARS-CoV-2 antibody reactiv-
ity.51 They observed that donors that were male, ethnicity
other than non-Hispanic White, age 16 to 17 years, and
geographic location were associated with positive anti-
SARS-CoV-2 antibody results.51 These findings are not in
opposition to ours as they were investigating all blood
donors and which groups are more likely to test positive
for anti-SARS-CoV-2 antibodies, while in our study all
donors were known to be positive as it was a prerequisite.
Our study contains one of the largest CCP donor cohorts
to date and may, therefore, present the best reflection of
ethnic differences in anti-SARS-CoV-2 antibody response
in the United States between the dates studied. The
results of this study are generalizable to the US popula-
tion because of the diverse population that was studied,
which is distinct from the whole blood donor popula-
tion.48 Of note, regional demographic data indicated that
the most common location for donors was the Southwest.
This is likely to align with the locations of numerous
plasma centers in the Southwest, particularly Texas.

In our study, anti-SARS-CoV-2 antibody levels
decreased to below positive levels as defined by the
Abbott assay between 30 and 100 days after first dona-
tion. Multiple other studies have previously suggested a
similar period for decline of the anti-SARS-CoV-2 anti-
body response, including Schlickeiser et al, who found
that at 58 days after symptom onset, only 12.6% of poten-
tial plasma donors showed high levels of neutralizing
antibodies.52 Likewise, a study by Miller et al found that
donors who were ≥60 days from COVID-19 symptom
onset were less likely to have qualifying (titer ≥1:80) neu-
tralizing antibody levels.40 To obtain the maximum CCP
product, donors with high anti-SARS-CoV-2 antibody
levels should be encouraged to donate frequently within

this window. Under current regulations, when collecting
source plasma, donors can donate twice within 7 days,
meaning a substantial number of donations from a single
donor could theoretically be collected within the denoted
window. Of note, while there was a relatively narrow
decay band for a large proportion of the donor popula-
tion, approximately 5% demonstrated at least a neutral
titer evolution until around 120 days post-first donation.
Identification of these 5% could be very meaningful in
terms of both evaluation of the SARS-CoV-2 immune
response and development of future hyperimmune
globulins.

Our temporal data also indicated that frequency of
donation was not related to decreased anti-SARS-CoV-2
antibody titers, suggesting that maximizing donation fre-
quency within the first few weeks of initial donation
should offer the optimal immunoglobulin yield for hyper-
immune globulin products. The rate of anti-SARS-CoV-2
antibody decline was calculated only for those donating
at least five times. While the frequency of donations was
not associated with the rate of antibody decline, this may
have been influenced by the absolute number of dona-
tions as more donations occur over time and antibody
level declines with time. Of note, multivariate analysis
suggested that higher initial anti SARS-CoV-2 titers may
be associated with a faster rate of decline. This could sug-
gest that more careful selection of donors in early vs late
windows post-first donation may be warranted and that
those with lower antibody titers at first donation should
not be disregarded for later donations, as they may main-
tain the immune response for a longer period than those
with higher initial titers.

This study has several limitations. First and foremost,
minimal information was available regarding donor
COVID-19 disease course or severity, symptoms, hospital-
ization, or date of illness. Moreover, timing from infec-
tion to donation was unknown. This data would have
been useful knowledge since proximity to and severity of
infection can result in heightened anti-SARS-CoV-2
immune responses and therefore could have explained
some of the differences in antibody titers we observed.
Second, donors were only required to bring proof of a
positive COVID-19 test when they came to donate and
were required to be at least 14 days out from either the
positive test or last symptom, while later in the pan-
demic, anti-SARS-CoV-2 antibody testing was offered to
known, qualified donors. This may have resulted in
recruiting asymptomatic COVID-19 donors. Third, differ-
ent SARS-CoV-2 virus variants were not taken into
account. Finally, only one assay was used to assess anti-
body levels. While use of an additional assay would be an
excellent method to validate antibody titers, it would
have been difficult to implement in this study given the
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substantial number of plasma donations and the manner
in which they were assessed. The ARCH SARS-CoV-2
IgG assay is, nevertheless, widely used and has been
shown to positively correlate with neutralizing antibody
assays therefore should provide robust assessment of
antibody titers.53

5 | CONCLUSIONS

CCP was in high demand during the recent surges of
the more aggressive and highly transmissible COVID-
19 variants. By better understanding the demographics
of donors associated with higher anti-SARS-CoV-2
antibody levels and the rates of decline following infec-
tion, donors with higher antibody titers could be selec-
tively recruited in the future. In this study, which is
one of the largest in looking at convalescent donor
demographics to date, we found that donors of older
age had higher anti-SARS-CoV-2 antibody titers, sug-
gesting that older donors could be targeted for collec-
tion of high-titer CCP. This aligns with recent changes
to donor recruitment policies, with donors aged 65 to
75 no longer requiring physician approval to continue
donating. We also found some variability in antibody
titers between ethnicities: those of Asian ethnicity had
higher initial antibody titers while those of African
American ethnicity had lower initial titers but a slower
rate of decline. Overall, these findings support a source
plasma donor recruitment approach that aims to
encompass all ethnicities to reflect the diverse popula-
tion of the United States, though the clinical signifi-
cance of the variations in antibody responses according
to ethnicity remains to be fully understood. The geo-
graphical findings of plasma donor distribution largely
reflect the locations of the CSL Plasma donor centers,
including some donors from Mexico in centers near the
border in Texas. Finally, the frequency of donations
did not impact the rate of antibody decline in donors,
suggesting that those with high initial titers could per-
haps be targeted for quick repeat donations, according
to FDA guideline to maximize collection of their high-
est antibody titers for future products. Overall, these
data contribute to the growing literature on how CCP
donor demographic might influence the antibody
response and indicate areas to explore to identify how
we might better respond to the need for a hyperim-
mune product in the future.
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