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Background. The Recipient Epidemiology and Donor Evaluation Study-IV-Pediatric (REDS-IV-P) Epidemiology, Surveillance
and Preparedness of the Novel SARS-CoV-2 Epidemic (RESPONSE) seroprevalence study conducted monthly cross-sectional
testing for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) antibodies in blood donors in 6 US metropolitan regions
to estimate the extent of SARS-CoV-2 infections over time.

Methods. During March-August 2020, approximately >1000 serum specimens were collected monthly from each region and
tested for SARS-CoV-2 antibodies using a well-validated algorithm. Regional seroprevalence estimates were weighted based on dem-
ographic differences compared with the general population. Seroprevalence was compared with reported coronavirus disease 2019
(COVID-19) case rates over time.

Results.  For all regions, seroprevalence was <1.0% in March 2020. New York, New York, experienced the biggest increase (peak
seroprevalence, 15.8% in May). All other regions experienced modest increases in seroprevalence (1%-2% in May-June to 2%-4%
in July-August). Seroprevalence was higher in younger, non-Hispanic black, and Hispanic donors. Temporal increases in donor
seroprevalence correlated with reported case rates in each region. In August, 1.3-5.6 estimated cumulative infections (based on se-
roprevalence data) per COVID-19 case were reported to the Centers for Disease Control and Prevention.

Conclusions. Increases in seroprevalence were found in all regions, with the largest increase in New York. Seroprevalence was
higher in non-Hispanic black and Hispanic than in non-Hispanic white blood donors. SARS-CoV-2 antibody testing of blood donor
samples can be used to estimate the seroprevalence in the general population by region and demographic group. The methods de-
rived from the RESPONSE seroprevalence study served as the basis for expanding SARS-CoV-2 seroprevalence surveillance to all

50 states and Puerto Rico.
Keywords.

COVID-19; COVID-19 srological testing; SARS-CoV-2; seroprevalence.

Globally, as of May 2021, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has caused >150 million diag-
nosed cases of coronavirus disease 2019 (COVID-19), >3 mil-
lion deaths, and a substantial number of infections that are
either asymptomatic or mildly symptomatic [1-3]. With ap-
plication of sensitive and specific serological assays and algo-
rithms to representative populations, SARS-CoV-2 serosurveys
are critical for estimating total infection rates, infection fatality
rates, the extent of herd immunity, and the effect of epidemic
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mitigation policies [4]. Blood-donor-based serosurveillance is
a powerful and cost-effective strategy that has provided val-
uable insights on infection prevalence and incidence for past
emerging infectious threats, including West Nile, dengue, chi-
kungunya, and Zika virus infections [5-10]. Choice of assays
for serosurveillance should be determined by intended purpose
[11, 12] and assay performance, which can be influenced by an-
tigen and immunoglobulin targets and assay configuration [13].

In response to the emergence of COVID-19 in the United
States in early 2020, the National Heart, Lung, and Blood
Institute (NHLBI) Recipient Epidemiology and Donor
Evaluation Study-IV-Pediatric (REDS-IV-P) program devel-
oped and implemented molecular and serological surveillance
for SARS-CoV-2 in 6 metropolitan regions, called the REDS-
IV-P Epidemiology, Surveillance and Preparedness of the Novel
SARS-CoV-2 Epidemic (RESPONSE) study. The RESPONSE
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project aims included conducting testing for SARS-CoV-2 anti-
bodies to estimate seroprevalence, to evaluate trends in sero-
prevalence, and to compare the observed seroprevalence with
reported case data.

METHODS

Study Sites and Donation Sampling

The RESPONSE study tested for SARS-CoV-2 antibodies
in 3 early-outbreak regions starting in March 2020 (Seattle,
Washington, New York, New York, and San Francisco,
California), and 3 initially low-prevalence regions in April
2020 (Boston, Massachusetts, Los Angeles, California, and
Minneapolis, Minnesota) (see Table 1 for donor character-
istics and Figure 1 for testing algorithm). About 1000 serum
specimens were randomly selected monthly from allogeneic
blood donors from March/April through August 2020. In July
and August, monthly sampling increased to 2000-4000 per
region as the study transitioned into the expanded Multistate
Assessment of SARS-CoV-2 Seroprevalence in Blood Donors
Study [14]. Blood collection organizations provided routinely

collected, deidentified demographic information for each blood
donation, including donor age, sex, race/ethnicity, blood type,
and zip code of residence.

Beginning in June 2020, the blood collection organiza-
tions associated with 4 regions (San Francisco, Los Angeles,
Minneapolis, and Boston) began screening all blood donors
for SARS-CoV-2 antibodies [15]. In July and August in these
regions, antibody data were extracted from donation records,
whereas for Seattle and New York, study-initiated testing
continued. For all months, donations made specifically to
provide COVID-19 convalescent plasma were excluded. The
study was determined to meet the definition of research but
did not involve human subjects based on anonymization
of data and routine consent for blood donation testing that
includes use of residual samples for research purposes con-
sistent with applicable federal law and Centers for Disease
Control and Prevention (CDC) policy (45 CFR part 46; 21
CFR part 56; 42 USC §241[d], 5 USC §552a, 44 USC §3501).
We used the STROBE cross sectional checklist when writing
our report [16].

Table 1.

Demographic Characteristics of Donors Who Provided Specimens, Overall and by US Metropolitan Region, March—August 2020

Donations, %

New York, NY San Francisco, CA Seattle, WA Boston, MA Los Angeles, CA Minneapolis. MN All Regions
Total Total  Sampled Total Sampled Total  Sampled Total Sampled Total Total Sampled
(n=131 (h= (n=28 (n=7986) (n=76 (n=8019) (n=47 (n=6999) (n=11 n="1 (n=98 Sampled (n=496 (n=50

Characteristic ~ 622)) 9132) 758) 209) 437) 4692) 000) 010) (n=7000) 728) 156)
Sex

Female 46.5 475 516 50.8 56.7 55.7 53.6 53.8 54.7 54.1 575 578 53.1 53.1

Male 53.5 52.5 48.4 49.2 43.3 44.3 46.4 46.2 45.3 45.9 42.5 42.2 46.9 46.9
Age,y

16-29 18.0 20.5 12.5 11.8 14.4 13.1 13.6 14.4 16.3 16.4 10.8 9.8 14.9 14.7

30-49 30.2 31.2 30.8 32.0 34.2 32.6 28.5 29.1 35.5 36.3 28.2 29.0 315 32.1

50-64 38.8 34.5 36.9 36.1 32.2 32.6 40.3 39.2 34.5 34.3 36.1 36.7 36.3 35.4

>65 13.0 13.8 19.8 20.2 19.2 21.7 176 172 13.7 13.1 24.9 24.5 17.3 17.9
Race/ ethnicity

White 78.5 773 71.3 71.3 81.2 83.8 92.6 92.7 62.4 60.5 970 970 79.8 78.6

Black 3.6 3.8 1.4 1.4 0.9 0.7 1.0 1.0 2.1 2.2 0.3 0.3 1.8 17

Hispanic 8.9 8.0 8.2 8.4 2.4 2.3 2.0 2.2 19.9 20.8 0.8 0.7 8.1 8.1

Other 8.9 10.9 19.2 18.8 15.6 13.2 4.4 4.1 15.7 16.4 1.9 2.0 10.3 11.6
Blood group

) 50.9 49.4 48.6 48.2 50.4 52.0 51.2 51.6 50.7 50.6 475 473 50.0 49.9

A 32.6 335 33.7 34.4 35.3 34.9 33.2 33.1 32.8 32.4 373 370 34.1 34.1

B 12.3 125 12.2 12.4 10.3 9.9 1.2 10.7 11.9 12.3 10.6 11.0 1.4 11.6

AB 4.2 4.5 5.5 5.0 4.1 3.1 4.4 4.6 4.6 4.7 4.6 4.6 4.4 4.4
Rh type

Positive 83.3 84.2 83.0 83.5 79.9 79.2 80.7 80.5 84.7 84.5 78.5 779 81.9 81.9

Negative 16.7 15.8 170 16.5 20.1 20.7 19.3 19.4 15.3 5.5 21.4 22.1 18.1 18.0
Donor status . . . . . . . . . . . . . .

First time 14.6 14.8 28.4 18.0 211 16.2 22.8 21.8 30.9 273 18.0 16.2 21.6 19.5

Repeat 85.4 85.2 71.6 82.0 78.9 83.8 d772 78.2 69.1 72.7 82.0 83.8 78.4 80.5

Abbreviation: Rh, rhesus factor.
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Figure 1. Flow charts of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) serologic testing results for 6 US metropolitan regions. A, Parallel testing using the

Roche Elecsys Nucleocapsid Anti-SARS-CoV-2 Total Immunoglobulin test (Elecsys CoV2T) and the pseudovirus reporter virus particle neutralization (RVPN) assay on samples
reactive to the Ortho VITROS Immunodiagnostic Products Anti-SARS-CoV-2 Total test (Vitros CoV2T), collected during March—June 2020. B, Results from March—August 2020,
combining the initial and revised supplementary testing algorithms. Abbreviations: NR, nonreactive; QNS, quantity not sufficient; R, reactive; S/CO, signal-to-cutoff ratio.

Screening and Supplemental Serology Assays and Establishing a Testing
Algorithm

Initially, the serologic screening and supplemental testing al-
gorithm consisted of screening all samples with the Ortho
VITROS Immunodiagnostic Products Anti-SARS-CoV-2 Total
test (Vitros CoV2T). Reactive samples were confirmed by par-
allel testing by both a nucleocapsid (NC)-based total immu-
noglobulin assay (Roche Elecsys NC Anti-SARS-CoV-2 Total
Ig [Elecsys CoV2T]) and a pseudovirus reporter virus particle
neutralization (RVPN) test (Appendix A in Supplementary
Materials). Screened-positive specimens were considered
confirmed if reactive by either Elecsys CoV2T or RVPN test.
The Vitros CoV2T and Elecsys CoV2T assays were selected
based on their double antigen-sandwich design, which en-
ables durable detection of total immunoglobulin and used as
an orthogonal algorithm to detect antibodies to different SARS-
CoV-2 antigens (S1 and NC, respectively). Food and Drug
Administration emergency use authorization instructions for
use [17] and other reports have noted excellent sensitivity of
both assays during acute infection and stability of antibody re-
activity on serial samples collected >120 days after COVID-19
symptom onset [18-20].

Statistical Methods to Extrapolate Donor Seroprevalence to the General
Population

The geographic distribution and demographic composition of
sampled donors varied monthly. To ensure that sample popula-
tions represented a consistent geographic area over the course
of the study, donations were restricted to zip codes in which
>80% of donors resided, referred to in this study as the donor

catchment regions (DCRs). Donations from donors that res-
ided outside of the DCR were excluded (Supplementary Table
3). Monthly sample donor demographics were compared with
monthly total donation demographics at each blood center,
using X2 statistics (without accounting for a multiple compar-
ison adjustment), to ensure that sampled donations were repre-
sentative of general donor populations.

To estimate the monthly seroprevalence in the general pop-
ulation based on blood donor seroprevalence, monthly esti-
mation weights were created that accounted for demographic
difference between the blood donor sample and general popula-
tion. The 2018 American Community Survey estimates [21] for
the age, sex, and race/ethnicity compositions of the DCRs were
used to standardize DCR sample totals by raking. In addition to
these estimation weights, monthly sets of 50 pseudo-replicate
weights were created to compute weighted seroprevalence
standard errors. Because seroprevalence in the US population
is known to vary by location and time, a stratified (by blood
center and month) logistic regression model was developed to
assess the association between seropositivity and demographic
characteristics.

Blood donation DCRs were defined by zip codes, but case
reporting by state and local health departments to the CDC is
reported by county. Therefore, to compare the number of cu-
mulative infections estimated from seroprevalence with the
number of cumulative cases reported to CDC by each region,
we created county-based DCRs. The number of total cumu-
lative infections in a DCR was estimated by multiplying the
weighted seroprevalence by the total population in the DCR.
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See Supplementary Figure 1 and Appendix B (Supplementary
Materials) for detailed statistical methods. For each county-
based DCR, the number of cumulative infections based on se-
roprevalence was divided by the number of reported cases.

RESULTS

Validation of Supplemental Testing Algorithm

During March-June 2020, a total of 21 485 donations were
screened with Vitros CoV2T, of which 489 reactive specimens
were tested in parallel by the Elecsys CoV2T and the RVPN test
(Figure 1A). Specimens were stratified based on Vitros CoV2T
signal-to-cutoff (S/CO) ratios: specimens with S/COs 1-10
and those with S/COs >10. Parallel testing of all screened re-
active specimens demonstrated that among the 404 specimens
with Vitros CoV2T S/COs >10.0 and available Elecsys CoV2T
results, 384 were Elecsys CoV2T reactive and 19 reactive by
RVPN assay; thus, >99% of specimens with Vitros CoV2T S/
COs >10 were confirmed reactive by either Elecsys CoV2T or
the RVPN test. In contrast, of 79 screened reactive specimens
with Vitros CoV2T S$/COs 1-10 and available Elecsys CoV2T
results, 29 were Elecsys CoV2T reactive and 12 were RVPN re-
active; only 51% of specimens with S/COs 1-10 were confirmed
reactive (Figure 1A and Supplementary Figure 3).

Thus, beginning in July we modified the supplemental testing
algorithm to be more cost-effective while maintaining high sen-
sitivity and specificity for July and August (Figure 1B), so that
specimens were considered “confirmed antibody positive” if (1)
they had an S/CO >10 on Vitros CoV2T screening assay (ie, no
supplemental testing was performed) or (2) if the Vitros CoV2T
S/CO was 1-10 and were reactive with either the Elecsys CoV2T
or the RVPN assay. Details and results of application of this
testing algorithm for the entire study interval (March-August)
are presented in Appendix C (Supplementary Materials).

Seroprevalence Estimates Over Time, With and Without Supplemental
Testing and Population Weighting

In total, 499 476 donations (excluding COVID-19 convales-
cent plasma donations) were collected in all participating re-
gions during the study period, of which 50 156 (10%) were
included in the study. The monthly distributions of Vitros
CoV2T reactivity, supplemental testing status, and number of
tested specimens are shown in Figure 2A, and seroprevalence
by month and site are presented in Supplementary Table 2.
Low rates of unweighted confirmed seroreactivity (<1%) were
observed for all regions at the beginning of the testing period
in March 2020, with variable increases over the 5-6-month
serosurveillance period. The greatest increase in seropreva-
lence was seen in New York (from 0.7% to 15.7%), followed
by Los Angeles (from 0.8% to 4.5%) and Boston (from 0.9%
to 4.2%). Mean Vitros CoV2T signal intensity increased from
an S/CO of 37.8 (range, 1.1-182.4) in March to 308.9 (1.0-
1380.0) in August, demonstrating that both proportions of

confirmed seropositive donations and mean signal intensities
increased over time in each region.

In Figure 2B, the screening and confirmed seroprevalence
data over time are presented for each DCR. A high proportion
of screen-reactive donations confirmed, particularly in later
months as seroprevalence increased; in July and August, 81%-—
96% of specimens that screened reactive for anti-S antibodies
by Vitros CoV2T were also reactive for anti-NC antibodies
by Elecsys CoV2T. The median weighted confirmed sero-
prevalence was 1.3 times higher than unweighted confirmed
seroprevalences (interquartile range, 1.02-1.44).

Demographic, Blood Group, and Donation Status Associations With
Weighted Seroprevalence Estimates

The confirmed, weighted seroprevalence estimates by donor
demographic subcategories (sex, age, race/ethnicity) and by
blood groups (ABO and Rh) presented in Table 2 were restricted
to August as the most recent findings in this study. For New
York, Los Angeles, and Boston, sites with sufficient donations
from racial and ethnic minority donors for meaningful com-
parison, seroprevalence was higher among younger age groups
and among non-Hispanic blacks and Hispanics compared with
non-Hispanic whites. In New York in August, the seropreva-
lence was 28.6% among Hispanics, 16.0% among non-Hispanic
blacks, and 8.4%.among non-Hispanic whites.

In a logistic regression model that included results from
all regions and months, seroprevalence was associated with
younger age (P < .001): compared to persons aged 50-64 years,
those aged 16-29 years had 1.31 (95% confidence interval [CI],
1.1-1.6) times the odds of seropositivity. Both non-Hispanic
blacks (odds ratio [OR], 2.2 [95% CI, 1.6-2.9]) and Hispanics
(2.6 [2.2-3.1]) had greater odds of seropositivity than non-
Hispanic whites (Table 3). Sex and blood types were not signif-
icantly associated with seroprevalence. First-time donors had
increased seroprevalence compared with repeat donors (OR,
2.2 [95% CI, 1.6-3.2])). In the 4 regions where donors in July
and August were universally tested for SARS-CoV-2 antibodies,
first-time donors had 2.2 (95% CI, 1.8-2.6) times the odds of
being seropositive compared to repeat donors. In the 2 regions
where blood donors were not being offered antibody testing,
first-time donors had only 1.2 (95% CI, 1.0-1.5) times the odds
of repeat donors.

Comparison of Monthly Seroprevalence (as Calculated From Donor
Serosurveillance) With Reported COVID-19 Case Rates

For each region, the monthly confirmed, weighted seropreva-
lence was juxtaposed with the weekly and cumulative COVID-
19 case counts. Seroprevalence and cumulative COVID-19
case rates increased in all regions from March-April through
August (Figure 3). New York reported the highest seropreva-
lence, increasing from 0.7% in March to 13.2% in April, corre-
sponding with the sharp rise in reported New York COVID-19
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Table 2. Weighted Confirmed Seroprevalence by Demographic Characteristics in 6 US Metropolitan Regions, August 2020

Variable Seroprevalence (95% Cl) by Region
New York, NY San Francisco, CA Seattle, WA Los Angeles, CA Boston, MA Minneapolis, MN

All donors 15.7 (13.6-18.0) 1.5 (.6-3.1) 1.9 (1.2-2.9) 4.5 (3.8-5.3) 4.2 (2.8-6.0) 1.5 (.9-2.3)
Age, y

16-29 18.4 (13.9-23.7) 4.1 (.7-12.2) 1.9 (4-5.2) 8.0 (5.9-10.7) 5.6 (2.5-10.3) 2.1 (.6-6.7)

30-49 174 (13.7-21.6) 0.8(.2-2.2) 1.7 (.6-3.9) 4.8 (3.4-6.6) 3.4 (1.11-7.7) 1.7 (.7-3.6)

50-64 14.9 (10.8-19.8) 0.5 (.1-1.6) 2.5(1.0-5.2) 2.4 (1.4-3.8) 5.1 (3.2-78) 1.2 (.4-2.5)

>65 10.2 (5.3-17.3) 0.9 (.1-3.3) 1.2 (.3-3.3) 1.2 (4-2.8) 2.6 (1.2-5.1) 0.6 (.1-2.1)
Sex

Female 16.8 (13.8-20.2) 1.9 (.4-5.5) 2.0 (1.1-3.6) 5.6 (4.4-70) 4.2 (2.2-72) 0.9 (.3-1.8)

Male 14.5 (11.6-17.8) 1.1 (.5-2.1) 1.7 (.8-3.2) 3.4 (2.3-4.7) 4.2 (2.6-6.4) 2.1 (1.1-3.6)
Race/ethnicity

White 8.4 (71-9.8) 1.6 (.8-3.0) 2.5(1.5-3.9) 2.1 (1.5-2.8) 2.9(2.1-3.8) 1.8 (1.1-2.8)

Black 16.0 (9.6-24.4) 0.0 (.0-15.8) 0.0 (.0-20.0) 3.1(.6-9.2) 16.6 (3.8-40.5) 0.0 (.0-60.0)

Hispanic 28.6 (22.1-35.8) 2.8 (.2-11.3) 0.0 (.0-5.8) 6.9 (5.2-8.9) 8.7 (2.1-22.3) 0.0 (.0-21.4)

Other 13.0 (9.7-16.9) 0.6 (.0-2.7) 0.5 (.0-3.3) 3.8 (2.3-6.0) 5.6 (1.1-16.0) 0.0 (.0-8.8)
Blood type

A 12.4 (8.9-16.7) 2.2 (.2-8.7) 1.6 (.8-3.1) 3.1(2.1-4.4) 4.0 (2.3-6.5) 1.6 (.7-3.1)

AB 23.1 (11.4-38.9) 3.1(.1-16.7) 2.4 (.1-10.4) 4.0 (1.0-10.3) 5.5 (.3-22.7) 2.0 (.0-10.8)

B 15.8 (9.2-24.6) 1.2 (.1-4.3) 2.7 (.3-9.3) 4.1 (2.2-6.9) 4.9 (1.6-11.2) 2.7 (.4-8.5)

O 171 (13.6-21.2) 1.0 (.3-2.3) 1.8 (.8-3.4) 5.4 (4.3-6.6) 4.0 (2.2-6.6) 1.0 (.4-2.1)
Rh type

Rh positive 16.1 (13.6-18.7) 1.6 (.6-3.4) 1.9 (1.1-3.1) 4.9 (4.1-5.8) 4.4 (2.9-6.4) 1.3 (.7-2.4)

Rh negative 13.4 (8.9-19.0) 0.9 (.0-3.9) 1.7 (.3-5.1) 1.6 (.6-3.7) 3.1(.9-77) 2.1(.9-4.1)

Abbreviations: Cl, confidence interval; Rh, rhesus factor.

Table 3. Characteristics Associated With Severe Acute Respiratory
Syndrome Coronavirus 2 Seropositivity in Blood Donors From 6 US
Metropolitan Regions, March—August 2020

Characteristic OR (95% ClI) PValue
Sex
Female 1 (Reference) .22
Male 0.93 (.82-1.05)
Age,y
16-29 1.31 (1.11-1.565) <.001
30-49 1.12 (.97-1.30)
50-64° 1 (Reference)
>65 0.66 (.63-.83)
Race/ethnicity <.001

White

1 (Reference)

Black 2.16 (1.64-2.85)
Hispanic 2.57 (2.17-3.05)
Other 1.16 (.96-1.41)
Blood type
A 1.11 (.97-1.26) .29
AB 1.21 (.91-1.61)
B 1.00 (.82-1.21)
0 1 (Reference)
Rh type
Rh negative 1.03 (.88-1.22) .69
Rh positive 1 (Reference)
Donor type
First time 2.24 (1.68-3.16) <.001
Repeat 1 (Reference)

Abbreviations: Cl, confidence interval; OR, odds ratio; Rh, rhesus factor.

“The 50-64-year age group had the highest frequency of donations.

cases. Coincident with a decrease in daily reported cases from
May through July, the seroprevalence in New York stabilized at
approximately 15%-16% during this time, with smaller increases
in other regions. The cumulative case incidence for Boston and
Los Angeles in July was similar to that incidence for New York in
April (approximately 2000 cumulative reported cases per 100 000
population), but seroprevalences for Boston and Los Angeles re-
mained substantially lower than for New York.

The number of estimated cumulative infections, based on
the adjusted donor seroprevalence and population sizes, was
larger than the number of cumulative reported infections for
all regions (Table 4). However, the ratio varied by region and
over time. For all cities except New York, much higher num-
bers of estimated infections per reported case occurred in the
first month of blood donor screening compared with later
months. The highest reported ratio of estimated infections to
reported cases occurred in Minneapolis in April (42 infections
per reported case). By August 2020, all regions other than New
York had 1.6-3.2 estimated infections per reported case. From
May through August, New York had the highest number of
estimated infections per reported case (5.3-6.4 infections per
reported case).

DISCUSSION

The use of blood donor populations with broad national represent-
ativeness provides a surveillance tool to monitor seroprevalence
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Figure 3. Weighted confirmed severe acute respiratory syndrome coronavirus 2 seroprevalence derived from blood donors, coronavirus disease 2019 (COVID-19) case
rates per 100 000 population (reported to the Centers for Disease Control and Prevention [CDC]), and daily COVID-19 case rates per 100 000 (as reported to the CDC) in 6 US

metropolitan regions, March—August 2020.

and to impute infection rates within communities, track outbreaks,
and potentially correlate evolving infection rates with pandemic
mitigation measures. Critical to the success of serosurveillance
programs is the choice of SARS-CoV-2 antibody assays and the
development and validation of supplemental testing algorithms.
Antibody persistence or waning has been shown to be assay

dependent [22], so it is essential to select assays demonstrating
durable antibody reactivity to accurately estimate cumulative in-
cidence based on serial cross-sectional seroprevalence data. Also
important is the assay’s ability to sensitively detect antibodies after
asymptomatic and mildly symptomatic infections, which may
produce weak systemic antibody responses [23].
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Table 4. Monthly Seroprevalence, Estimated Number of Cumulative Infections, Cumulative Reported Coronavirus Disease 2019 Cases, and Estimated
Number of Cumulative Infections per Reported Case in 6 US Metropolitan Regions, March—August 2020

Cumulative Infections, Estimated

Cumulative Reported Cases,

Infections per Reported
Case, Estimated No.°

Region and Month Seroprevalence (95% Cl) No.? (95% Cl) No.? (95% CI)
New York, NY
March 0.71 (.27-1.82) 129 184 (49 126-331 148) 34 562 3.7 (1.4-9.6)
April 13.22 (9.27-18.5) 2 405 373 (1 686 672-3 366 067) 34 9083 6.9 (4.8-9.6)
May 4(12.19-20.14) 2 867 525 (2 217 965-3 664 465) 44 5202 6.4 (5.0-8.2)
June 14.97 (11.08-19.93) 2 723785 (2 016 001-3 626 255) 47 3521 5.8 (4.3-77)
July 14.45 (10.87-18.96) 2629 171 (1 977 792-3 449 764) 49 4591 5.3 (4.0-7.0)
August 15.73 (13.68-18.03) 2 862 067 (2 489 070-3 280 551) 50 8746 5.6 (4.9-6.4)
San Francisco, CA
March 0.11 (.01-.82) 8513 (773-63 462) 624 13.6 (1.2-101.7)
April 0.15 (.03-.76) 11 609 (2321-58 819) 6035 1.9 (.4-9.7)
May 0.44 (.19-1.01) 34 053 (14 704-78 167) 8980 3.8 (1.6-8.7)
June 1.13 (.36-3.49) 87 454 (27 861-270 104) 15829 5.5 (1.8-17.1)
July 0.91 (.51-1.62) 70 428 (39 470-125 377) 38 667 1.8 (1.0-3.2)
August 1.48 (.7-3.11) 114 542 (54 175-240 694) 65 403 1.8 (.8-3.7)
Seattle, WA
March 0.18 (.04-.77) 8824 (1961-37 751) 262 33.7 (75-144.1)
April 1.01 (.39-2.6) 49 517 (19 120-127 471) 6410 7.7 (3.0-19.9)
May 0.97 (.43-2.16) 47 556 (21 081-105 899) 12618 8(1.7-8.4)
June 1.75 (.69-4.34) 85 798 (33 828-212 779) 14 973 7 (2.3-14.2)
July 4 (.9-2.17) 68 638 (44 124-106 389) 23920 2.9(1.8-4.4)
August 1.87 (1.22-2.87) 91 681 (59 813-140 708) 35170 2.6 (1.7-4.0)
Boston, MA
April 0.86 (.24-3.06) 54 284 (15 149-193 152) 12 677 4.3 (1.2-15.2)
May 1.37 (.7-2.67) 86 476 (44 185-168 534) 63678 1.4 (.7-2.6)
June 3(1.19-4.41) 145 179 (75 114-278 366) 101 040 1.4 (.7-2.8)
July 3.78 (2.71-5.25) 238599 (171 059-331 388) 108 209 2.2 (1.6-3.1)
August 4.21 (2.93-6.02) 265 741 (184 946-379 992) 117 279 2.3(1.6-3.2)
Los Angeles, CA
April 0.79 (.3-2.04) 147 820 (56 134-381 713) 7303 20.2 (77-52.3)
May 0.68 (.25-1.82) 127 237 (46 778-340 548) 50 077 2.5(.9-6.8)
June 1.61 (.78-3.3) 301 254 (145 949-617 477) 87 888 3.4 (1.7-7.0)
July 2.39(1.71-3.32) 447 203 (319 965-621 219) 211 358 2.1 (1.56-2.9)
August 4.5 (3.81-5.3) 842 014 (712 905-991 706) 347 083 2.4(2.1-2.9)
Minneapolis, MN
April 0.67 (.12-3.74) 36 579 (6551-204 192) 875 41.8 (75-233.4)
May 0.54 (.16-1.76) 29 482 (8735-96 090) 12 357 2.4 (.7-78)
June 0.69 (.22-2.17) 37 671 (12 011-118 475) 25 883 5 (.5-4.6)
July 1.78 (.83-3.79) 97 182 (45 315-206 921) 40 927 2.4 (1.1-5.1)
August 1.47 (.93-2.33) 80 257 (560 775-127 210) 60 502 1.3 (.8-2.1)

Abbreviation: Cl, confidence interval.
#Confirmed seroprevalence multiplied by the region population size.
°Number reported to the Centers for Disease Control and Prevention.

°Number of estimated infections divided by the number of cumulative reported cases.

The Vitros CoV2T and Elecsys CoV2T assays used in this
study satisfy many of these criteria for serosurveillance assays:
They have stable S/CO values over at least 4-5 months after se-
roconversion [20, 24] and have wide dynamic ranges, enabling
implementation of a screening assay S/CO threshold-based sup-
plementary testing algorithm. By demonstrating that >99% of
specimens that were screened with Vitros CoV2T and had S/COs
>10 were also reactive by the Elecsys CoV2T or the RVPN assay,
we were able to adopt a robust and lower-cost testing algorithm,

limiting supplemental testing to screened specimens with S/Cos
of 1-10. This algorithm is now being used by CDC’s nationwide
seroprevalence blood donor study. To differentiate between nat-
ural infection-induced and vaccine-induced seropositivity, the
nationwide study is testing all anti-S-reactive specimens with an
NC-based assay beginning in January 2021 [25].
Seroprevalence was higher in non-Hispanic blacks and
Hispanics than in non-Hispanic whites in most regions, but
this difference was particularly notable in New York. These
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racial disparities in seroprevalence are consistent with other re-
ports [15, 26], potentially because racial and ethnic minority
groups experience inequities in access to healthcare, quality
housing, the ability to work from home, and reliable transpor-
tation [27]. Increased risk for infection has been associated with
younger age, possibly owing to lack of adherence to mitigation
measures [15, 28]. Future analyses will include comparing re-
gion-, age-, and race/ethnicity-specific seroprevalence rates
with the number of demographic group-specific cumulative
reported cases.

In the current study, seroprevalence trends were consistent
with the pattern of cumulative reported COVID-19 cases. For
most regions, the ratio of estimated infections to reported
cases was higher during March-April 2020 than in subsequent
months. This suggests that underreporting of COVID-19 cases
to CDC was more severe during the earliest months of the pan-
demic. Lack of available testing and avoiding medical care to ob-
tain testing because of COVID-19-related concerns might also
have contributed [29]. From May through August, the calcu-
lated seroprevalence predicted 1.6-3.2 SARS-CoV-2 infections
per cumulative case reported to CDC for all regions except New
York, which predicted 5.3-6.4 infections per reported case.

Compared with the other large seroprevalence survey con-
ducted by the CDC using commercial laboratory specimens, the
current study generally showed lower seroprevalence estimates
[30]. A national seroprevalence study of dialysis patients with
blood specimens collected during July 2020 also reported gen-
erally higher seroprevalence estimates [31]. Differences in the
geographic distribution of participants, serologic assays used,
and assumptions made when extrapolating seroprevalence esti-
mates to the general population may explain these differences.
Several local seroprevalence studies conducted in regions sim-
ilar to the 6 regions in this study have calculated similar or
higher seroprevalence estimates [32-34]. However, many of
these collected specimens were from healthcare workers or hos-
pitalized patients, who may be at higher risk of SARS-CoV-2
infection.

This study could have underestimated seroprevalence for
several reasons. First, blood donors may represent a population
less likely to be exposed to SARS-CoV-2 than the general pop-
ulation [35]. Moreover, blood donors tend to be in better health
than the general population, and recruitment practices and eli-
gibility criteria for blood donations may bias the donor sample
toward lower-risk individuals; this may explain the lower rates
of antibody positivity in repeat donors (who provide >80% of
donations), compared with first-time donors. Second, many
higher-risk populations cannot or do not donate, including
persons who are acutely febrile or ill, children aged <16 years,
and institutionalized persons, such as those residing in nursing
homes or prison. Third, compared with the general population,
relatively few ethnic and racial minorities donate, and these
groups are at increased risk for SARS-CoV-2 infection; this bias

is partially compensated for because our results were adjusted
by weighting for race/ethnicity. Fourth, there is growing evi-
dence that approximately 5%-10% of infected persons do not
seroconvert [23]. We did not adjust our results to account for
such “serosilent” infections.

Our results may overestimate seroprevalence because some
blood collection organizations began SARS-CoV-2 antibody
screening of all blood donations in the summer of 2020. These
blood centers publicly advertised availability of this screening,
which could have led to test seeking by prospective donors with
increased concern over exposure to the virus. However, our
analysis of relative seroprevalence before and after implemen-
tation of such “universal screening” in first-time donors, who
give 15%-20% of total donations, indicates that although the
OR was greater for those donors, the impact of such test seeking
was small relative to the expanding pandemic. Finally, although
there was no formal process for randomization, comparison
of monthly samples with monthly donations (Supplementary
Table 1) demonstrated only sporadic differences that are ad-
justed for in weighting of seroprevalence estimates to the ge-
neral population.

Building on the approach developed in the RESPONSE se-
roprevalence study, in July 2020 the US CDC funded a nation-
wide blood donor seroprevalence program that expanded this
surveillance program from 6 regions for 6 months to >60 US
regions with monthly collections of 2000-6000 samples per re-
gion from July 2020 to December 2021 (Supplementary Figure
2). Similar to RESPONSE, changes in overall SARS-CoV-2 se-
roprevalence specific to geographic region, age, sex, and race/
ethnicity will be calculated monthly over the course of the
study and compared with clinical cases, deaths, and community
serosurvey data.

In conclusion, serial serosurveillance studies of SARS-
CoV-2 using blood donor populations, which are now being
implemented in many countries [36], provide a powerful ad-
junct to standard public health case reporting. Although
serosurveillance data from asymptomatic blood donors may lag
behind viral transmission and case reporting by up to several
weeks, if appropriately designed, executed, analyzed, and inter-
preted, these studies will provide urgently needed data to in-
form our understanding of the epidemiology and effectiveness
of responses to this unprecedented pandemic.
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