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Abstract

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

carry antibodies against severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) that, through a plasma donation, can be used as a potential

therapeutic either in direct transfusion or for the manufacture of hyper-

immune globulin (HIG). The success of such interventions depends on the

antibody potency in such plasma donations, but little information on the col-

lection of potent units is currently available.

Study Design and Methods: A total of 8749 plasma units, collected from April

until September 2020 from first-time U.S. COVID-19 convalescent plasma

donors, were characterized for SARS-CoV-2 immunoglobulin G (IgG) antibodies

by Abbott chemiluminescent microparticle immunoassay (CMIA). The period

between COVID-19 onset until donation and donor age, ethnicity, sex, and

COVID-19 severity were evaluated against the obtained signal (index S/C).

Results: A marked decrease in mean index S/C was seen over the plasma collec-

tion period surveyed, which was significantly correlated to decreases in mean

plasma donor age (p < .0001; R2 = .726) and percentage of donations obtained

from COVID-19 convalescent patients who had been hospitalized (p = .001;

R2 = .4426). The highest titer plasma units were obtained soon after convales-

cence from COVID-19 patients who required hospitalization, from advanced age

donors, and from Black/African/Hispanic American versus White/Caucasian

ethnicities, whereas there was no effect of donor sex on the values obtained with

the Abbott CMIA.

Conclusion: Since the onset of the pandemic, the average SARS-CoV-2 IgG

values of first-time U.S. COVID-19 convalescent plasma donations have signifi-

cantly dropped, mainly due to donations from progressively younger aged

donors who tend to experience less severe COVID-19.
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1 | INTRODUCTION

The ongoing Coronavirus disease 2019 (COVID-19) pan-
demic has sparked an unprecedented global effort to iden-
tify and develop effective medications for the treatment and
prevention of the disease. One of the first therapies that
became available was COVID-19 convalescent plasma (CP),
donated by persons who recovered from infection by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
the virus causing the disease. These donations contain anti-
bodies specific for SARS-CoV-2, which are known to exert
an antiviral effect. CP has previously been shown to be
effective in the treatment of viral infections that cause
severe pneumonia, for example, against the influenza pan-
demic of 1918 or SARS.1,2 There is some evidence that
patients hospitalized with COVID-19 benefit from CP trans-
fusion, especially early in disease,3–6 which was sufficient to
justify Food and Drug Administration (FDA) Emergency
Use Authorization for COVID-19 CP.7 Efficacy of treatment
with CP is affected by variations in the quality of plasma
donations,3 a factor that can be eliminated through the
manufacture of hyperimmune globulin (HIG) from large
pools of these CP units, thereby equalizing antibody titer
variability. Another important benefit of treatment with an
HIG preparation based on an established immunoglobulin
manufacturing process is the viral safety afforded by the
manufacturing pathway of such a plasma-derived medicinal
product. The Gammagard Liquid pathway, for example,
entails three dedicated virus clearance steps, which ensure
substantial safety margins.8 Soon after the outbreak of
SARS-CoV-2, major plasma fractionators united to jointly
engage in the production of a COVID-19 HIG, termed
CoVIg-19,9 enriched with SARS-CoV-2 antibodies as a treat-
ment option for patients with COVID-19, which is currently
in clinical trials.10 Both treatment modalities, CP transfu-
sion and HIG, rely on the collection of high antibody titer
CP units. Little is currently understood with respect to high
antibody potency in CP and different donor characteristics,
information which may allow for a more targeted collection
of potent units.

Here, we report the characterization of 8749 CP units
that were collected in the United States from first-time
COVID-19 convalescent donors for SARS-CoV-2 IgG anti-
body content and a correlation with donor characteristics
in an effort to identify factors that directly influence
potency.

2 | MATERIALS AND METHODS

2.1 | COVID-19 plasma donations

BioLife US started COVID-19 CP collection in March
2020. For eligibility, donors had to have a status of

14 days postrecovery and provide a positive test result
(either Polymerase Chain Reaction [PCR] or serological
analysis) for COVID-19 to be accepted for the program. A
total of 8749 COVID-19 donations, collected from the end
of April until mid-September, that is, between week
18 and week 38, 2020 (21 weeks), were included in the
analysis. These donations originated from first-time
COVID-19 donors, that is, persons who gave plasma for
the first time after convalescence from COVID-19
but who might have already donated plasma prior to dis-
ease. The plasma volumes collected in the COVID-19 pro-
gram were similar to volumes collected during non-
COVID-19 plasmapheresis. Patient demographic charac-
teristics (sex, age, ethnicity) and information regarding
onset and severity of COVID-19 (hospitalization vs. non-
hospitalization) were recorded.

2.2 | SARS-COV-2 antibody testing

The Abbott SARS-CoV-2 IgG chemiluminescent micro-
particle immunoassay (CMIA; Abbott Laboratories,
Abbott Park, IL, USA; reference 06R8620), granted FDA
Emergency Use Authorization, was used for the detection
of SARS-CoV-2 IgG antibodies in CP. This assay qualita-
tively detects IgG antibodies against the SARS-CoV-2
nucleocapsid protein, with an assay specificity of 99.6%–
99.9% and sensitivity of 100%.11,12 The dose: response
reactivity was evaluated in plasma serial dilution experi-
ments. Highly significant (p < .0001) correlation was
seen (R2 = .998) for the obtained index S/C values
(9.10–1.73) against the log2-transformed dilution series
(Figure S1), indicating that some quantitation is possible
with the Abbott CMIA.

Testing was done in laboratories certified under the
Clinical Laboratory Improvement Amendments on
ARCHITECT i2000SR equipment (Abbott, IL, USA) with
a sample volume of 75 μL and following the manufac-
turers' instructions. The amount of IgG antibodies to
SARS-CoV-2 in each sample was determined automati-
cally through comparison of the measured chemilumi-
nescent relative light unit (RLU) to the calibrator RLU,
which is reported as index S/C. The positivity cutoff
defined by the manufacturer is 1.40 (S/C).12

2.3 | Data analysis

A data plausibility check was performed, and donations
for which a time period of more than 30 days between
onset of symptoms and positive PCR test was stated were
excluded from analysis. Due to underrepresentation of
the greater than 65 years age group, data from this cohort
were included in the descriptive analysis but excluded
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from inferential statistical analyses. Multiple regression
analysis was employed to evaluate the effects of age,
donation delay (i.e., time from symptom onset to plasma
collection), sex, and disease severity on the index S/C. To
avoid undue leverage from unusual observations, the
dataset was further filtered for the central 90% for dona-
tion delay (20–95 days; i.e. data from extreme conditions
were excluded). Confounding effects between the two
strongest contributors, age and donation delay, were
reduced by randomly sampling balanced subsets
(n = 398) from nine subgroups generated by dividing
both factors into three bins each. For the purpose of eth-
nicity analyses, a similar sampling strategy was applied,
ensuring that, in each of the ethnic groups with suffi-
ciently meaningful size, the same age structure was
maintained. Ethnic groups below 2% were excluded from
the analysis because of poor statistical reliability. The
described sampling techniques were not applied for ana-
lyses regarding association with hospitalization due to
poor repeatability of statistical results. All representative
data were used; the effect of potential confounding phe-
nomena is discussed in connection with the results and
in Supplementary Statistical Analysis. Statistical analyses
and visualization were performed in Minitab v. 17.3.1
with GraphPad Prism v. 8.1.1.

3 | RESULTS

3.1 | COVID-19 plasma donations

Of the 8749 first-time COVID-19 CP donors, 55.8% were
female, and most (98.0%) did not require hospitalization.
Donor ages ranged from 18 to 83 years, with more than
40% of donors younger than the 28 years of age, which
represents a somewhat younger plasma donor population
compared to non-COVID-19 plasma donors (data not
shown). Information on ethnicity was available for 53.6%
of donors and included White/Caucasian (38.2%),
Hispanic (9.8%), and Black/African (2.5%) Americans, as
well as American/Alaskan Indian and Asian/Pacific
Islander (1.6%) and donors who stated multiple ethnici-
ties (1.6%).

3.2 | COVID-19 plasma collection and
SARS-COV-2 antibodies OVER time

Analysis of the 8749 COVID-19 plasma donations showed
a pronounced decrease in mean index S/C over the
21 weeks of plasma collection, from index S/C 5.3 ± 0.3
(mean ± standard error of the mean [SEM]) at the end of
April to index S/C 3.4 ± 0.1 in mid-September (Figure 1
(A)). A similar decline was seen in average donor age

over this time period, from 38.4 ± 1.2 (mean ± SEM) to
32.6 ± 0.8 (Figure 1(B)) years, which significantly
(p < .0001) correlated (R2 = .726) with the decrease in
mean index S/C (Figure S2(A)). Likewise, the percentage
of plasma donations given from convalescent individuals
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FIGURE 1 Characterization of 8749 first-time Coronavirus

disease 2019 (COVID-19) convalescent plasma donations collected

at US BioLife Centers between week 18 (end of April) and week

38 (mid-September) 2020 for (A) severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) immunoglobulin G (IgG) values

measured by Abbott chemiluminescent microparticle immunoassay

(mean ± standard error of the mean [SEM] index S/C), (B) donor

age (mean ± SEM years), (C) frequency (%) of donations from

COVID-19 convalescent patients who had been hospitalized, and

(D) donation delay (mean days between symptom onset and

donation ± SEM) [Color figure can be viewed at

wileyonlinelibrary.com]
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following hospitalization decreased over time (Figure 1
(C)), an observation that significantly (p = .001) corre-
lated (R2 = .4426) with the drop in mean index S/C (-
Figure S2(B)). These findings are fully in line with the
changing age distribution of persons affected by COVID-
19 in the United States, where a shift in median age from
46 years in May, 2020 to 37–38 years in July–August,
2020 was reported.13 The trend of more younger-aged
persons being affected by COVID-19 is reflected in gener-
ally milder courses of disease as less severe COVID-19
has been reported in younger persons,14,15 which in turn
results in lower antibody levels, as reported after mild
disease.16–19

Donation delay (i.e. period between COVID-19 onset
until donation) did not change over time (Figure 1(D))
and was not significantly (p = .098) correlated to the
decline in index S/C values (R2 = .1373) (Figure S2(C)).

4 | EFFECT OF PLASMA DONOR
DEMOGRAPHICS ON SARS-COV-2
ANTIBODIES

Hospitalization had a significant effect (p < .0001) on
SARS-CoV-2 antibody content, with mean index S/C
values of 5.86 versus 3.88 for donors who were hospital-
ized for COVID-19 (n = 171) versus donors who were not
hospitalized (n = 8578), respectively (Figure 2(A)). Here,
a confounding variable was age, where significant
(p = .0003) correlation (R2 = .8246) was seen for donor
age and hospitalization frequency for COVID-19, with
advanced age donors more likely to have been hospital-
ized (Figure S3). Similar findings of higher antibody
levels in older persons and in those affected by severe
COVID-19 have recently been reported from a large-scale
study of humoral response to SARS-CoV-2.18

Donor ethnicity had a significant influence on index
S/C values. Donations from Hispanic Americans and
Black/African Americans, which did not differ in mean
index S/C values from each other (4.62, n = 859 vs. 4.60,
n = 223, respectively), had significantly (p < .0001)
higher mean Abbott values than White/Caucasian Amer-
icans (3.78, n = 3338) (Figure 2(B)). Further analysis of
data subsets with similar age distribution across the three
ethnicity groups (Pearson's Chi-square test) revealed a
marginally significant (p = .04) trend toward more fre-
quent hospitalization for Hispanic or Black/African
American plasma donors in comparison to White/Cauca-
sian American plasma donors (Table S1), despite the
underrepresentation of elderly donors in this subpopula-
tion. These results are consistent with previous reports of
more severe disease associated with higher antibody
levels16,17 and approximately four times higher rates of

hospitalization for COVID-19 for Hispanic and Black per-
sons versus non-Hispanic white persons.20 An additional
contributing factor to the observed differences in anti-
body levels between the different ethnicities to consider
is the generally higher IgG levels in persons of Black/
African background.21–23

After the cohort (n = 8697) had been corrected for
underrepresentation of the greater than 65 years age
group, the marked increase in SARS-CoV-2 IgG levels
that was observed with advancing donor age was similar
for both sexes, except for the 50–55 years age group,
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FIGURE 2 Effect of donor demographics on severe acute

respiratory syndrome coronavirus 2 (SARS-CoV-2)

immunoglobulin G (IgG) levels in plasma, as measured by the

Abbott chemiluminescent microparticle immunoassay. (A)

Significantly (p < .0001; two-sample t-test) higher indexes S/C were

determined for plasma from first-time donors who had been

hospitalized for COVID-19 and (B) significantly higher (p < .0001;

Tukey's multiple comparisons test) indexes S/C were seen for first-

time plasma donations from Hispanic or Black/African Americans

versus plasma donations from White/Caucasian Americans. Bars

indicate mean ± 95% confidence interval [Color figure can be

viewed at wileyonlinelibrary.com]
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where a trend for higher index S/C values was seen for
plasma from male versus female donors (Figure 3(A)).
Although higher fatality rates and severe COVID-19 are
consistently reported for men,24 there was no significant
difference in serum IgG levels across sex in mild COVID-
19,25,26 fully consistent with the results obtained here. In
a previous study, we reported significantly higher neu-
tralization titer for CP units from male donors.17 This dis-
crepancy might be due to differences in the
methodologies that were used for the detection of SARS-
CoV-2 antibodies. In the case where significant sex differ-
ences were seen, the “gold-standard” neutralization assay
was used, which detects functional IgG molecules, as well
as immunoglobulin A (IgA) and immunoglobulin M
(IgM), with specificities against all immunogenic

epitopes. A recent evaluation of SARS-CoV-2 antibody
titers in 1215 COVID-19 convalescent patients in Iceland
evaluated six different binding assays and reported signif-
icant sex differences when assays specific for protein S1
were used but no difference in antibody levels between
males and females for assays that were specific for the
nucleoprotein,18 similar to the Abbott assay used in the
current study.

Most of the plasma (90%, n = 7852) was donated with
a delay of 20–95 days following COVID-19 (Figure 3(B)).
Within this central dataset, an increase in SARS-CoV-2
IgG value was seen from day 20 (S/C 3.07) until day
36 (S/C 4.58) from where the values slowly declined until
day 95 (S/C 3.25). A similar slow decline in SARS-CoV-2
IgG was seen over a 3-month period in a recent study
that measured IgG against three different epitopes,
including the nucleocapsid protein,27 as also detected in
the Abbott CMIA used here, as well as in a study evaluat-
ing the decline of SARS-CoV-2 neutralizing antibody
titers.19

The regression models indicate four prime effects on
index S/C, which are age, donation delay, hospitalization,
and ethnicity. The collected information on the COVID-19
plasma donations was sufficiently large to randomly sub-
select a dataset (n = 398) balanced for the factors donor
age and donation delay for multiple regression analysis
(see also Supplementary Statistical Analysis). The resulting
curvilinear model (Figure 4) confirmed that the highest
index S/C values can be expected in plasma from
advanced age donors and donations collected soon after
COVID-19 recovery.
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FIGURE 3 Severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) immunoglobulin G (IgG) content in 8697 first-time
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measured by Abbott chemiluminescent microparticle

immunoassay. (A) No significant difference in index S/C was seen
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of donations per day, with the central 90% of donations (days 20–
95, n = 7852) indicated in darker shade [Color figure can be viewed

at wileyonlinelibrary.com]

FIGURE 4 Surface plot of a curvilinear model of severe acute

respiratory syndrome coronavirus 2 (SARS-CoV-2)

immunoglobulin G (IgG) content (Abbott index S/C) as a function

of donor age and donation delay. A representative plasma donation

subset (n = 398) was used for multiple regression analysis [Color

figure can be viewed at wileyonlinelibrary.com]
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Obesity has been associated with increased COVID-19
severity28–30 and with greater IgG response,31 and while
the current study did not evaluate donor body mass index
in relation to SARS-CoV-2 antibody levels in plasma
donations, these might be additional factors to be consid-
ered in CP collection.

5 | CONCLUSION

This study showed a marked decrease in SARS-CoV-2 IgG
titers in U.S. source plasma over 21 weeks from April until
September 2020. The decline in titers was most probably
effected by the observed decrease in plasma donor age over
time as younger persons tend to experience milder COVID-
1914,15 and therefore develop lower levels of antibodies.16–19

Modeling of the obtained data indicated that use of plasma
from more advanced age donors soon after convalescence
from moderate to severe COVID-19 might be a strategy to
ensure consistently high SARS-CoV-2 titers in CP for trans-
fusion. Collection of such units should be done alongside
careful medical monitoring of each individual in this most
fragile donor population. The informed blending of multi-
ple donations for HIG production will increase the proba-
bility of therapeutic success.

These findings inform the collection of CP for use in
transfusion, as well as the development of medicines like
HIG that are made from CP. The higher the potency of
CP, the higher the potential therapeutic efficacy. Optimi-
zation of the CP collection strategy to obtain the most
potent units may allow for better treatment and efficient
manufacture of medicines as potentially less plasma is
needed per dose for the medicine to be effective.
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