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In the United States, many blood collection organizations initiated programs to test all blood donors for
antibodies to SARS-CoV-2, as a measure to increase donations and to assist in the identification of poten-
tial donors of COVID-19 convalescent plasma (CCP). As a result, it was possible to investigate the char-
acteristics of healthy blood donors who had previously been infected with SARS-CoV-2. We report the
findings from all blood donations collected by the American Red Cross, representing 40% of the national
blood supply covering 44 States, in order to characterize the seroepidemiology of SARS-CoV-2 infection
among blood donors in the United States, prior to authorized vaccine availability. We performed an ob-
servational cohort study from June 15th to November 30th, 2020 on a population of 1.531 million blood
donors tested for antibodies to the S1 spike antigen of SARS-CoV-2 by person, place, time, ABO group and
dynamics of test reactivity, with additional information from a survey of a subset of those with reactive
test results. The overall seroreactivity was 4.22% increasing from 1.18 to 9.67% (June 2020 - November
2020); estimated incidence was 11.6 per hundred person-years, 1.86-times higher than that based upon
reported cases in the general population over the same period. In multivariable analyses, seroreactivity
was highest in the Midwest (5.21%), followed by the South (4.43%), West (3.43%) and Northeast (2.90%).
Seroreactivity was highest among donors aged 18-24 (Odds Ratio 3.02 [95% Confidence Interval 2.80-
3.26] vs age >55), African-Americans and Hispanics (1.50 [1.24-1.80] and 2.12 [1.89-2.36], respectively, vs
Caucasian). Group O frequency was 51.5% among nonreactive, but 46.1% among seroreactive donors (P<
.0001). Of surveyed donors, 45% reported no COVID-19-related symptoms, but 73% among those unaware
of testing. Signal levels of antibody tests were stable over 120 days or more and there was little evidence
of reinfection. Evaluation of a large population of healthy, voluntary blood donors provided evidence of
widespread and increasing SARS-CoV-2 seroprevalence and demonstrated that at least 45% of those previ-
ously infected were asymptomatic. Epidemiologic findings were similar to those among clinically reported
cases.

© 2021 Published by Elsevier Inc.

Introduction

early analysis indicated that the demographics and regional distri-
bution of seroreactivity were similar to national data on COVID-

Despite the extent of the COVID-19 pandemic in the United
States, there has been limited information about the overall sero-
prevalence and the frequency of recognized asymptomatic infec-
tion. Although blood donors are not fully representative of the
US population, they provide a healthy subset with more than 10
million samples per year [1]. Large-scale testing for antibodies to
SARS-CoV-2 has been implemented by many US blood collection
organizations, offering an opportunity to examine these issues. An
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19 [2]. Also, evaluation of data from retained samples from donors
suggested the presence of SARS-CoV-2 earlier than the generally
recognized date of first appearance of the virus in the US [3].

We report on the frequency of reactivity using a specific spike
antibody test for SARS-CoV-2, validated by using an alternate test
directed to a different viral target, by person, place, time and blood
type within the American Red Cross (ARC) donor population. We
report the frequency of asymptomatic infections, infection inci-
dence relative to clinical case findings, the dynamics of antibody
levels post-infection, self-reported symptoms, and test awareness.
Combined data for these attributes in a large segment the US
population have not been reported previously in a single defined
study.
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Methods

Test Population

The ARC collects about 40% of the US blood supply from 44
states and has tested every donor for antibodies to SARS-CoV-2
since June 15, 2020 using the Ortho VITROS anti-SARS-CoV-2 S1
Total Ig assay (identified as the Ortho test) (Raritan NJ) [2,4]. De-
scriptive studies were conducted for 1,531,221 donors who made
2,191,731 donations of whole blood, double red-cells or single-
donor platelets between June 15th and November 30th, 2020, be-
fore the general availability of SARS-CoV-2 vaccines in the US;
donors of COVID-19 convalescent plasma were excluded. On av-
erage, each donor gave 1.43 donations. Donors with any donation
having a reactive test result (signal-to-cutoff [S/CO] ratio > 1.00)
were defined as seroreactive. Information from the donation record
included donor status (first-time or repeat), sex, age, self-identified
race/ethnicity, location of residence and ABO Group. Studies on
changes in donors’ antibody signal strength over time were con-
ducted on the subset of donors with multiple test-reactive dona-
tions or those who seroconverted. Testing and data collection were
considered by the ARC'’s Institutional Review Board (IRB) to be ex-
empt as human subjects’ research; each donor was provided with
an information sheet prior to agreeing to donate.

Testing

All donations are tested routinely for transfusion-transmissible
infections [5]. During the study period, each donation was also
tested by the Ortho test under Emergency Use Authorization (EUA)
by the Food and Drug Administration (100% sensitivity [95% confi-
dence interval: 92.7-100.0%] in 49 SARS-CoV-2 PCR-confirmed pa-
tients 8 days or more following symptom onset, and 100% clinical
specificity [95% confidence interval: 99.1-100.0%] in 400 presumed
negative individuals) [4]. Each donation was tested singly; serore-
active donors were entered into this study. All available seroreac-
tive samples were further tested, using the Roche Elecsys Anti-
SARS-CoV-2 Test (identified as the Roche test) (Indianapolis, IN)
[6], targeting a different SARS-CoV-2 protein (Subunit 1 of spike,
S1, for Ortho vs nucleocapsid for Roche). Secondary testing pro-
vided more definitive information to donors and is reported here
for 87.25% of seroreactive donors; Roche testing could not be per-
formed when the approved sample storage time was exceeded
per manufacturer’s instructions. Reference to seroreactivity in the
Roche test is identified as Roche-reactive. Test signal levels for Or-
tho and Roche are both reported as S/CO values.

Donor Survey

A survey of donors with seroreactive test results was conducted
to understand their history of COVID-19 diagnosis, prior testing,
disease symptoms and motivation for donation in the context of
COVID-19 testing. Eligibility for the web-based questionnaire was
based on blood donation during the study period. The survey was
voluntary and approved by the ARC IRB without requirement for
written or verbal consent. Survey exclusion criteria were applied
to 64,633 seroreactive donors, removing 22% without an e-mail ad-
dress, 20% requesting no e-mail contact, 3% less than 18 years old,
and fewer than 2% Spanish-speaking, having incorrect e-mail ad-
dresses, or previously opting out of research. For each symptom,
“yes” or “no” responses were recorded, but those identified as “Un-
sure” were omitted. The Supplement contains the survey instru-
ment.

Analyses and Statistics

Analyses of donor characteristics were reported at the level of
individual donors. Donor characteristics associated with seroreac-
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Fig. 1.. Frequency of Ortho anti-SARS-CoV-2 test-seroreactive donations among to-
tal donations by week and in 4 US Census Regions from June 15 to November 30,
2020. The X-axis gives the calendar week number for year 2020. Weeks are Monday
to Sunday and week 49 is 1 day. At a 5% significance level, there were significant
associations between weeks of testing and seroreactive rates for all Census Regions
and overall (P< .0001).

The dashed line shows the total seroreactivity of 3.51% (75,988 of 2,191,731), with
95% confidence intervals. Each point is the percentage of seroreactive donors/total
number of donations for each week. Solid lines represent the percentage of new
infections by four US Census Regions. They are 4.26% (33,094 of 776,865) in the
Midwest, 2.56% (11,178 of 437,185) in the Northeast, 3.72% (21,054 of 565,931) in the
South and 2.83% (11,662 of 411,750) in the West. Note that the overall percentages
expressed here for the total seroreactivity and each US Census Region are based
on reactive donations/all donations; an individual donor may have given more than
once within the study period whereas data in the text and Table 1 are based on
individual donors only.

tivity, including age, sex, race/ethnicity, region of residence, and
ABO blood group were assessed using bivariable and multivariable
logistic regression. In analyses of temporal change in antibody sig-
nal strength in donors with repeated donations, data were assessed
by Spearman rank correlation and Kruskal-Wallis test. Within that
population, the 469,605 donors who gave more than once provided
113 million donations, or 2.41 per donor. For surveyed donors,
comparison of mean counts of symptoms (maximum of 12) by co-
morbidity was performed using Wilcoxon rank sum test, with Bon-
ferroni correction for multiple comparisons. We conducted all anal-
yses using SAS software (version 9.4, SAS Institute Inc., Cary NC). P
values of less than .05 were considered significant. Relevant evalu-
ations were 2-sided.

Results
Donor Testing

Of 1,531,221 donors, 64,633 (4.22%) had one or more seroreac-
tive results. Among the seroreactive donors, 56,397 (87.25%) were
also tested by Roche; 51,335 (91.02%) were Roche-reactive. Supple-
mental Table 1 shows the distribution of Roche-reactive samples.
Of note, Roche nonreactive signals span the entire nonreactive dy-
namic range and do not correlate with seroreactive (Ortho) signal
levels (Supplemental Figure 1). Thus, we are not able to establish
that seroreactive, Roche nonreactive results are falsely positive, and
because the frequency of Roche reactivity was stable over time, we
focused primarily on seroreactive results knowing that over 90%
were concordantly reactive by both tests.

The overall frequency of seroreactive donations as a percent-
age of all weekly donations, by US Census region, increased from
1,169 among 98,729 in calendar week 25 (1.18%), corresponding
to the week of June 15, to 6,095 seroreactive donations in 75,505
(8.07%), in week 48; a 6.8-fold increase (Fig. 1). For the final day
reported (November 30), there were 1,283 seroreactive donations
of 13,268 tested (9.67%), an overall 8.2-fold increase. The greatest



R.Y. Dodd, B.R. Spencer, M. Xu et al./Transfusion Medicine Reviews 35 (2021) 1-7 3

Table 1

Analysis of donor population characteristics associated with all American Red Cross blood donors and SARS-CoV-2 seroreactive donors

from June 15 to November 30, 2020

Total Seroreactive donors  Bivariable analysis Multivariable analysis
Variables N (%) N (% of Row Total) OR (95% CI) P-Value  OR (95% CI) P-Value
All 1,531,221 (100) 64,633 (4.22)
Donor Status <0.001
First-Time 298,043 (19.46) 17,240 (5.78) 1.54 (1.51-1.56) 1.55 (1.46-1.65)  <0.0001
Repeat 1,233,178 (80.54) 47,393 (3.84) 1 - -
Gender 0.8014
Female 850,936 (55.57) 35,887 (4.22) 1 1
Male 680,285 (44.43) 28,746 (4.23) 1.00 (0.99-1.02) 1.05 (1.03-1.07)  <0.0001
Age (years) <0.001
16-17 24,906 (1.63) 2,003 (8.04) 2.89 (2.76-3.03) 2.49 (2.15-2.89)  <0.0001
18-24 111,846 (7.30) 10,358 (9.26) 3.37 (3.29-3.46) 3.02 (2.80-3.26)  <0.0001
25-39 336,231 (21.96) 15,262 (4.54) 1.57 (1.54-1.61) 1.67 (1.57-1.78)  <0.0001
40-54 422,783 (27.6) 18,344 (4.34) 1.50 (1.47-1.53) 1.63 (1.53-1.73)  <0.0001
55+ 635,455 (41.5) 18,666 (2.94) 1 1
Race/Ethnicity <0.001
African American 35,683 (2.33) 2,339 (6.55) 1.67 (1.60-1.74) 1.50 (1.24-1.80)  <0.0001
Asian 35,842 (2.34) 1,253 (3.50) 0.86 (0.81-0.91) 1.01 (0.83-1.23)  0.9393
Caucasian 1367,749 (89.32) 55,160 (4.03) 1 1
Hispanic 56,825 (3.71) 4,365 (7.68) 1.98 (1.92-2.05) 2.12 (1.89-2.36)  <0.0001
Mix 16,783 (1.10) 660 (3.93) 0.97 (0.90-1.05) 1.03 (0.78-1.36)  0.8178
Native American 4,389 (0.29) 217 (4.94) 1.24 (1.08-1.42) 1.65 (1.13-2.42)  0.0097
Other 8,229 (0.54) 383 (4.65) 1.16 (1.05-1.29) 1.14 (0.83-1.58)  0.4058
Prefer not to answer 5,721 (0.37) 256 (4.47) 1.12 (0.98-1.26) 0.98 (0.69-1.39)  0.918
US Census Region <0.001
Midwest 541,983 (35.40) 28,247 (5.21) 1.55 (1.51-1.59) 1.86 (1.76-1.97)  <0.0001
Northeast 298,189 (19.47) 8,658 (2.90) 0.84 (0.82-0.87) 0.94 (0.88-1.00)  0.0689
South 402,257 (26.27) 17,824 (4.43) 1.31 (1.27-1.34) 1.44 (1.36-1.53)  <0.0001
West 288,792 (18.86) 9,904 (3.43) 1 1
ABO <0.001
A 530,084 (34.62) 25,487 (4.81) 1.28 (1.26-1.30) 1.32 (1.25-1.38)  <0.0001
AB 57,180 (3.73) 2,605 (4.56) 1.21 (1.16-1.26) 1.26 (1.12-1.41)  <0.0001
B 158,697 (10.36) 6,744 (4.25) 1.13 (1.10-1.16) 1.16 (1.08-1.25)  <0.0001
0 785,260 (51.28) 29,797 (3.79) 1 1
increase occurred in the Midwest of 1.25% to 13.60% (10.9-fold).
Both seroreactive and test nonreactive donors may have provided -
more than one donation during the study (1.19 donations/donor for 314 _
reactives, and 1.44 donations/donor for nonreactives); thus, data by o 28- T
donation differ from the donor-based data in Table 1. % 25
o 22 o
. o £ 19 6
Demographics and ABO Distribution O 4¢
§ 13 g 74”
Table 1 shows the demographic characteristics of the popu- 4 101 g e o
lation of 1,531,221 donors, their distribution among seroreactives s g-Z’ g
and results of bivariable and multivariable analyses. Of the 64,633 S il 8 A
(4.22%) seroreactive donors, reactivity was 5.78% among the 19.46% 2 o2- o / L <
first-time donors (donors for whom there was no record of prior ﬁ 05 8
donation), a multivariable odds ratio (OR) of 1.55 (95% Confidence ‘g 0.8 !
Interval [CI], 1.46-1.65) relative to repeat donors. S ‘1-1' g
Younger donors were more likely to have reactive results with :1'77 4 e
the highest frequency among the 16-17 (OR 2.49 [95% CI, 2.15- 20 ° o
2.89]) and 18-24-year-old (OR 3.02 [95% CI, 2.80-3.26]) groups, N 11392 477 2394 4992 4067 4211

with all age groups significantly more likely to be seroreactive than
the 55+ age-group. Relative to Caucasian donors, African Ameri-
can, Hispanic, and Native American donors had higher seroreactive
rates, with respective odds ratios of 1.50 (95% CI, 1.24-1.80), 2.12
(95% CI, 1.89-2.36) and 1.65 (95% CI, 1.13-2.42). There are clear re-
gional differences in the frequency of seroreactive donors, with sig-
nificantly higher rates in the Midwest and South, relative to those
in the West (Fig. 1; Supplemental Figure 2 shows a heat map of
seroreactive donations for ARC collections within the US).

The frequency of ABO groups differed between nonreactive and
seroreactive donors. Relative to Group O, Groups A, AB and B were
seen more frequently among seroreactive donors, (P< .0001 in
both bivariable and multivariable analyses; Table 1), to a somewhat

T
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Fig. 2.. Mean log;y Ortho S/CO levels among donations from 11,392 donors with
incident seroreactivity, by time from first donation in the study period. Data repre-
sent all donors with 2 or more donations who acquired and maintained a serore-
active test result (S/CO > logyo =0). The 11,392 donors gave a total of 27,533 dona-
tions, or 2.42 per donor. The boxplots show the mean (red solid line), median (red
dashed line), the first and third quartiles (boxes), while the whiskers show 1.5X
the interquartile range (IQR) above and below the box. Outliers are depicted as cir-
cles. Numbers of donors (N) for each time interval are shown below the X-axis. The
Spearman rank correlation coefficient (r) is 0.75098 (P< .0001), indicating there is
strong positive correlation between the time intervals (days) and the Ortho signal
levels.



4 R.Y. Dodd, B.R. Spencer, M. Xu et al./ Transfusion Medicine Reviews 35 (2021) 1-7

3.4
3.2
3.0
2.8
2.6
2.4
22
2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0
N 8583 529 2460 4466 2053 1358 , . ' .
0 1-30 31-60 61-90 91-120 >120 0 20 40 60 80 100 150 140 160

(a) Days Since the First Donation (6/15/2020-11/30/2020) (b) Days Since the First Donation (6/15/2020-11/30/2020)

Log Base 10 Signal Levels Ortho S/CO
Log Base 10 Signal Levels Ortho S/CO

1.0: -_

Log Base 10 Signal Levels Ortho S/CO
Log Base 10 Signal Levels Ortho S/CO

T T T T T T T T T

T T T T T T T T
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160

(c) Days Since the First Donation (6/15/2020-11/30/2020) (d) Days Since the First Donation (6/15/2020-11/30/2020)

Fig. 3. (A) Distribution of the log;y Ortho S/CO levels by time interval between multiple seroreactive donations. There were 469,605 repeat donors and the data represent
those among 8,583 donors with 19,449 total donations, all of which were reactive at each donation within the study. There were an additional 11,392 donors that had a prior
nonreactive donation and 205 donors that became nonreactive; neither group is represented in the Figure. The boxplots show the mean (red solid line), median (red dashed
line), the first and third quartiles (boxes), while the whiskers show 1.5X the interquartile range (IQR) above and below the box. Outliers are depicted as circles. Numbers of
donors (N) for each time interval are shown below the X-axis. Spearman rank correlation coefficient (r) is 0.25244 (P< .0001), indicating a weak correlation between time
(days) and Ortho increasing signal levels. By the Kruskal-Wallis test, the median of logo-transformed Ortho S/COs of the 6 groups are significantly different (P<.0001). (B, C
and D) Examples of changes in logyy Ortho S/CO signal levels by time interval plotted for individual seroreactive donors randomly selected (partial data shown for clarity).
Fig. 3B shows donors with donation decreases of > 0.1 logyo, Fig. 3C shows donors with donation changes within the range of + 0.1 logy, and Fig. 3D shows donors with
donation increases of > 0.1 logjo. The red line is the fitted ordinary least square individual growth trajectory for the three groups representing the total 8,583 donors with
persistent seroreactivity demonstrating the average change in trajectory for each group. Overall, there were 590 donors with 1,425 donations who showed a decline, 1,721
donors with 3963 donations who were stable and 6,272 donors with 14,061 donations who showed an increase. The grey lines are the fitted regression lines of the changes
in trajectories for each individual donor.

lesser degree for Group B, but still highly significant. The odds ra-
tios for seroreactivity among A, AB, and B, relative to Group O were
1.32 (95% CI, 1.25-1.38), 1.26 (95% CI, 1.12-1.41) and 1.16 (95% CI,
1.08-1.25). Group O frequency was 51.5% among nonreactives but
46.1% among seroreactive donors (P< .0001).

Stability of Antibody Levels

Within the population of 1,531,221 donors, 469,605 gave blood
twice or more, for a total of 1,130,149 donations. Of these, 8,583
donors were seroreactive throughout the study with 19,449 dona-

tions. An additional 11,392 donors seroconverted with 27,533 do-
nations (Fig. 2) for an estimated incidence of 11.6 (range 10.5-12.7)
per hundred person-years (see Supplement for calculations); the
greatest number of seroconversions occurred 31-90 days following
the donors’ first tested donation, likely corresponding to the 56-
day minimum interdonation interval for whole blood donations. A
small number of additional donors (210 having 504 donations) be-
came seronegative. Fig. 3A shows the mean and median log;q S/CO
values for the antibody test signals by time between seroreactive
donations (ie, for donors whose donation remained reactive during
the entire study period); overall, the test signals increased signifi-
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Fig. 4.. Proportion of surveyed seroreactive donors reporting COVID-19 related
symptoms 14 or more days prior to donation. Of 13,343 seroreactive donors com-
pleting the survey, 95% or greater responded to each symptom question; 45% of re-
sponding donors reported no symptoms. Specific data for each symptom for donors
reporting symptoms are: fatigue, 5,215 of 12,902; headache, 4,297 of 12,838; myal-
gia, 4,074 of 12,845; loss of smell, 3,545 of 12,827; cough, 3,518 of 12,820; loss
of taste, 3,338 of 12,814; runny nose, 2,739 of 12,705; fever, 2,493 of 13,335; sore
throat, 2,145 of 12,696; shortness of breath, 1,821 of 12,709; nausea/vomiting, 1,752
of 12,685; and, congestion, 1,716 of 12,651.

cantly over time from the first seroreactive donation (P< 0.0001).
Further examination of the trajectory of signal levels by individual
donor showed that 590 donors had a signal reduction of greater
than 0.1 logqg, while 1,721 had stable levels within plus or mi-
nus 0.1 logyo with the majority of 6,272 having a signal increase of
greater than 0.1 logqg (Figs. 3B-D). For donors with three or more
donations, there was little evidence of signal increases attributable
to reinfection (Supplemental Figures 3A-C). Trends observed for
Roche-reactive donors donating multiple times during the study
(Supplemental Figures 4A-G) differ from those for seroreactive
donors (Ortho), as they do not increase overall, and the proportion
with an upward trajectory was 37% (2,518 of 6,773) in contrast to
73% (6,272 of 8,583) for Ortho. The difference in the positive Spear-
man rank correlation coefficients confirm these trends (r= 0.25244,
P< .0001 for Ortho vs 0.06323, P< .0001 for Roche).

Survey Data

A total of 35,198 (54.5%) seroreactive donors were invited to
participate in the survey, with 13,343 (37.9%) responding. Of those,
45% reported no symptoms of the 12 surveyed, for the period of 14
or more days before donation; no significant difference in S/CO val-
ues was observed between asymptomatic and symptomatic donors
(S/CO mean 127 and 121, respectively). Among those reporting
symptoms, the average number reported was 5.0. Subjects report-
ing a medical diagnosis of COVID-19 reported more symptoms
than those without a diagnosis (an average of 4.2 and 2.1, re-
spectively). Among those with symptoms, fatigue was most fre-
quent (40%), followed by headache (33%), myalgia (32%), and loss
of smell (28%); fever was reported by only 19% (Fig. 4). Serore-
active donors were asked about chronic disease conditions associ-
ated with more serious COVID-19 disease. Seroreactive donors who
reported weakened immune systems (1.40%, N=180) had an ele-

vated mean number of symptoms relative to donors without those
conditions (3.9 vs 2.8, P=.0002, 2-sided, Wilcoxon rank), as did
those reporting cardiovascular disease (1.25%, N=162; 3.4 symp-
toms, P=.006) or asthma/pulmonary disorders (3.80%, N=503; 3.3
symptoms, P=.0099). This trend was not observed for donors re-
porting high blood pressure (15.6%, N=2083) and diabetes (4.3%,
N =575), both of which groups had a mean of 2.8 symptoms.

Of 13,343 surveyed donors, 11,005 had a Roche result includ-
ing 1,109 (10.1%) testing Roche-nonreactive vs 9,896 testing Roche-
reactive, where test concordance varied with seroreactive signal
levels (Ortho) and evidence of prior infection. Concordant-reactive
test results were associated with higher signal levels and more
frequent symptoms. Of the 1,109 Roche-nonreactive donors, 162
(14.6%) were less likely to report a prior positive diagnostic test re-
sult or healthcare provider diagnosis and had a lower mean Ortho
S/CO of 25.4 compared to 4,573 of 11,005 Roche-reactive donors
(46.2% previous test or diagnosis) having a mean Ortho S/CO of
134.3.

Half of surveyed donors (6,589/13,343, or 49.4%) reported one
or more indicators of prior COVID-19 infection: 36.5% reported
prior positive tests, 31.4% a previous healthcare diagnosis, and
17.2% contact with a COVID-19 case. The great majority of these
donors (85%), and donors overall (83%), were aware that their
blood would be tested for SARS-CoV-2 antibodies. However, a small
subset of respondents (1,066, or 8%) reported no knowledge of
prior infection or contact and were unaware of antibody testing as-
sociated with donation. Within this group, 782, or 73.4% reported
no symptoms (vs 45% for all respondents).

Discussion

Despite the lack of evidence that SARS-CoV-2 is transmissible
by blood transfusion [7,8], the pandemic has had a profound im-
pact on the collection and distribution of blood for transfusion.
Testing blood donors for SARS-CoV-2 antibodies was implemented
in part to encourage donation and to support the need for con-
valescent plasma [2]. Consequently, millions of individual donors
have been tested to date. The data from this study are illustrative
of the distribution of viral infection and of the stability of the an-
tibody response.

Blood donors are healthy and differ from the overall population
in age, racial and ethnic distribution, and education level. Paral-
lel to case counts of COVID-19, there was a continuous increase
in the prevalence of seroreactive donations (Fig. 1). There was a
greater than 8-fold increase in this rate overall, and almost 11-
fold among donors in the Midwest in a period of just over 24
weeks, prior to the general availability of vaccines. As of the end
of November 2020, 9.67% of donations showed evidence of past
infection with 13.60% in the Midwest. Within our study, we have
observed over 11,000 incident-reactive donors with 2 or more do-
nations (Fig. 2), allowing for the estimation of incidence of new
reactivity as 11.6 cases per hundred person-years, while the esti-
mated incidence of cases of COVID-19 in the adult US population
up to November 30th, 2020 was estimated at 6.22 reported cases
per hundred person-years (Supplement), or 1.86 blood donor in-
fections per clinical case reported. The detection of asymptomatic
infections among blood donors likely accounts for this difference.

Seroreactivity is more frequent among first-time donors than
routine, or repeat donors (Table 1). It seems likely that this is
related to the availability of the test, particularly among those
who were concerned about potential exposure, or prior symptoms.
It is well-known that the prevalence of markers for transfusion-
transmissible agents is lower among repeat donors, but this is in
part because individuals who test reactive are deferred from fur-
ther donation [9]. This is not the case for COVID-related antibody
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tests as donors with reactive antibody-test results may continue to
donate.

As reported previously, the frequency of seroreactivity varies
significantly by age, race/ethnicity and location [2]. Noticeably
however, in a multivariable analysis the impact of age is greater
than reported earlier, while the impact of race and ethnicity is less
apparent, although African- American and Hispanic donors con-
tinue to be at significantly greater risk than are Caucasian donors.

Several studies have suggested that the frequency of SARS-CoV-
2 infection varies with blood group and is lower among individ-
uals with Group O red cells while individuals with Group A may
be associated with a higher risk of infection and severe disease
[10]. The odds ratios for seroreactivity among A, AB, and B, rela-
tive to Group O were respectively 1.32, 1.26 and 1.16 and all were
significant (P< .0001; Table 1). In fact, the percentage of Group
O donors among test-nonreactive donors was 51.5%, while among
seroreactive donors, was 46.1%, supporting a lower rate of infec-
tion in those donors with Group O red cells. Also, the lower odds
ratio for Group B as compared to Groups A and AB further supports
the concept that the effect is likely attributable to the natural an-
tibody response to the A antigen, which can be expressed on the
SARS-CoV-2 virion [11].

In this study, we found that the signal levels of the antibody
tests used were remarkably stable over a period of 120 days or
more. The overall trend was towards an increase in signals with
only a few (590 of 8,583, 6.9%) showing a downward trend; other
reports have shown stable antibody profiles for 4-6 months [12-
16]. Examination of individual signal-level profiles among those
with three or more seroreactive donations suggests that large in-
creases in signal levels were rare or absent, and thus, that reinfec-
tion was infrequent among those individuals [15,16]. Greater du-
ration of antibody detectability has been observed with tests that
use a total immunoglobin format (direct antigen sandwich) versus
those with an IgG format (second antibody detection) as true of
the tests used in our study [16]. This likely contributed to the sus-
tained antibody response that we observed.

A notable proportion (45%) of surveyed, seroreactive donors
were asymptomatic. This figure may not be representative of the
general population, as most seroreactive respondents reported a
history of diagnosis or contact with COVID-19 or indicated that
they were aware that they would be tested. In this context, it is
of interest to note that about 73% of individuals who reported that
they were unaware of the testing, and were not motivated by test
availability, reported no symptoms compared to 48% in The Nether-
lands [17]. Most of these asymptomatic donors were reactive by
both the Ortho and Roche tests (79%). Thus, a measurable propor-
tion of the population has unknowingly been infected with SARS-
CoV-2 [18,19].

The dynamics of the blood donor population who test reactive
for SARS-CoV-2 antibodies is changing with the availability of vac-
cination and consequently patterns of test reactivity will reflect the
mixture of donors with natural and vaccine-induced seropositiv-
ity. In fact, in the 6 months following vaccine availability, approxi-
mately 80% of seroreactive donors acknowledged vaccination with
antibody reactivity consistent with vaccination (nucleocapsid non-
reactive). This contrasts with 9% having isolated seroreactivity prior
to vaccine availability.

The COVID-19 pandemic affected different populations and
countries differently and varied over time with second waves fol-
lowing the summer of 2020. The overall 4.22% seroprevalence doc-
umented for the US blood donor population in this study from
June to November 2020 was consistent with other studies; it rose
significantly from 1.18% to 9.67% by the last reporting period. For
example, of 8 studies in blood donors published in Europe [20],
seroprevalence ranged from 0.91% in North-Western Germany to
23.3% in a high-transmission area in the Lombardy region, Italy. In

the UK, seroprevalence rates of 4.9% occurred after the first epi-
demic wave (June 2020 - September 2020), and similar to our
study, found the highest prevalence in younger versus older indi-
viduals [21]. Declines in seroprevalence were documented, partic-
ularly for those 75 years or older and those who did not report a
history of symptomatic infection (presumably asymptomatic infec-
tion) as a function of antibody waning. In our study, that used a
robust total immunoglobulin test directed towards S1, no antibody
waning was observed over 4 months. Antibody testing of ~50,000
blood donations from six US metropolitan regions (3 of which were
the ARC) from March-August, 2020 demonstrated seroprevalence
peaking at 15.8% in New York City to rates of 2% to 4% in the other
5 locations, with the highest rates in non-Hispanic Black and Black
donors, and 1.3-5.6 estimated cumulative infections based on anti-
body testing per COVID-19 case reported to the CDC [22].

Limitations

The study does have some limitations. The data presented are
based upon a single test without a formal confirmatory test or any
repeat testing. A second (Roche) test was reactive among 91% of
seroreactive donors (Supplemental Table 1), and it is probable that
the Ortho test may be slightly more sensitive than the Roche test,
possibly due to the selection of a spike vs nucleocapsid target,
respectively [11]. This was seen in the large number of elevated,
but nonreactive Roche results in seroreactive donors (Supplemental
Figure 1), and by the greater increase in signal strength observed
over time for Ortho vs Roche reactive donors (Fig. 3 and Supple-
mental Figure 4A). In the absence of a gold-standard confirmatory
test, we elected to present seroprevalence data based upon reac-
tivity by the Ortho test.

The blood donor population is not representative of the pop-
ulation as a whole; at any time, approximately 3% donate [23].
We do, however, note that the observed trends relating to age,
race/ethnicity and location of seroreactive donors follow national
trends for COVID-19 [18,24]. Survey data show that most donors
were aware that antibody testing was available and that some (par-
ticularly first-time donors) were motivated to give blood, thus im-
pacting the extent to which our data are broadly representative.
However, the response to the survey instrument represents a rela-
tively small proportion of all donors: only 13,343 of 64,633 (20.6%).

Conclusions

A large population of healthy, voluntary blood donors pro-
vided evidence of widespread and increasing SARS-CoV-2 sero-
prevalence: 1.18% to 9.67%, an 8.2-fold increase from June through
November 30, 2020. Infections in the US are underreported as ev-
idenced by 45% of those previously infected being asymptomatic
and incidence estimates 1.86 higher than reported for clinical
cases. Epidemiologic findings were similar to those among clin-
ically reported cases with seroreactive donors retaining antibody
reactivity for at least 120 days. This study of over 1.5 million blood
donors (2.19 million donations), representing the US population,
uniquely ties together a wide range of data describing the impact
of the COVID-19 outbreak in the US prior to vaccine availability.
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