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A B S T R A C T

The COVID-19 pandemic led to development of numerous serologic tests. To obviate the need for phlebot-
omy services, we validated dried blood spots (DBS) for anti-SARS-CoV-2 serologic testing. Immunoglobulins
were extracted from 3 mm DBS punches and the extracts were analyzed using the Euroimmun anti-SARS-
CoV-2 IgG ELISA. Various pre-analytical factors were studied. Results were favorable for DBS stored for at
least 67 days at or below 37°C. Comparison between paired serum and DBS specimens tested by the Euroim-
mun ELISA showed 96.8% and 81.3% positive and negative agreement, respectively, indicating that confirma-
tory testing of positive Euroimmun results on DBS extracts is necessary to achieve clinical accuracy. Our
findings suggest that any SARS-CoV-2 antibody assay that requires pre-dilution of serum is amenable to DBS
as an alternate specimen type that is relatively low cost, self-collectable, stable, can be shipped by standard
mail and could be used to establish the seroprevalence of large populations.

© 2021 Elsevier Inc. All rights reserved.
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1. Introduction

The pandemic caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) continues to put significant stress on
communities worldwide (Chan et al., 2020, Christakis et al., 2020,
Manabe et al., 2020). Testing for the presence of SARS-CoV-2 by
molecular methods, e.g., real-time reverse transcription polymerase
chain reaction (RT-PCR) or antigen detection are essential for diagno-
sis of active Coronavirus Disease 2019 (COVID-19) in both symptom-
atic and asymptomatic individuals with known exposure. In contrast,
serologic testing for the presence of antibodies against SARS-CoV-2 is
valuable for the assessment of prior COVID-19 symptomatic or
asymptomatic infection, for qualification of convalescent plasma for
therapeutic purposes, and if necessary, for assessment of vaccine
response (CDC Interim guidelines for COVID-19 antibody testing.
https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/anti
body-tests-guidelines.html, last accessed: 1/31/2021) (Hanson et al.,
2020, Theel et al., 2020b). Although the presence of antibodies to
SARS-CoV-2 suggests immunity against re-infection, the duration
and longevity of protective immunity against re-infection following
natural or vaccine-induced seroconversion, remains unknown.

Early in the pandemic, when diagnostic tests were of limited
availability, determination of seroprevalence was an alternative
means to monitor spread of SARS-CoV-2 in asymptomatic or post-
symptomatic individuals (Shook-Sa et al., 2020). However, the avail-
able serologic tests relied on venipuncture-collected serum or plasma
specimens. This requires potential convalescents to visit a clinic or
phlebotomy site for blood collection, which presents additional risk
of (re)exposure for both the patients who may not have been infected
or developed immunity, as well as for phlebotomists, other health-
care workers and patients who the individuals would encounter dur-
ing their visits. In an effort to provide an alternative means for safe
and efficient determination of prior SARS-CoV-2 infection, we modi-
fied the Euroimmun anti-SARS-CoV-2 IgG ELISA (L€ubeck, Germany),
which had received Emergency Use Authorization (EUA) from the
Food and Drug Administration (FDA) for testing of serum and plasma
specimens, to be performed on capillary whole blood collected on fil-
ter paper (i.e., dried blood spots, DBS).
2. Materials and methods

2.1. Samples
2.1.1. Contrived DBS
DBS were created by combining 0.5 mL washed red blood cells,

collected from a SARS-CoV-2 seronegative donor, with equal volume
of residual sera previously tested for IgG against the SARS-CoV-2 S1
protein using the Euroimmun anti-SARS-CoV-2 IgG ELISA; sixty total
sera were selected, including 37 positive, 21 negative and 2 indeter-
minate specimens (Theel et al., 2020a). Following careful mixing by
manual inversion, approximately 100 mL of the contrived blood was

http://crossmark.crossref.org/dialog/?doi=10.1016/j.diagmicrobio.2021.115425&domain=pdf
https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antibody-tests-guidelines.html
https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antibody-tests-guidelines.html
mailto:matern@mayo.edu
mailto:matern@mayo.edu
https://doi.org/10.1016/j.diagmicrobio.2021.115425
https://doi.org/10.1016/j.diagmicrobio.2021.115425
http://www.ScienceDirect.com
http://www.elsevier.com/locate/diagmicrobio


2 C.T. Turgeon et al. / Diagnostic Microbiology and Infectious Disease 101 (2021) 115425
spotted onto Whatman 903 filter paper (GE Health Care, Cardiff, UK),
allowed to dry at room temperature for at least 2 hours, and stored
with desiccant at -20°C until analysis.

2.1.2. Patient DBS
DBS obtained by finger stick from 24 SARS-CoV-2 RT-PCR negative

and 29 SARS-CoV-2 RT-PCR positive adult patients, collected at least 2
weeks post-diagnosis, were used to establish a preliminary index
value threshold to distinguish positive from negative qualitative
results for the Euroimmun anti-SARS-CoV-2 IgG ELISA.

Additionally, 65 paired serum and DBS samples were obtained
from adult volunteers who were SARS-CoV-2 RT-PCR negative
(N = 26 female, age range: 21�59 years; N = 4 male, age range:
26�48 years) or positive (N = 24 female, age range: 19-59 years;
N = 11 male, age range: 26�59 years) at least 2 weeks prior to blood
collection, except for a single RT-PCR negative specimen collected
after 6 days (6�97 days). Serum samples were collected by phleboto-
mists via venipuncture and patients self-collected DBS under phle-
botomist supervision. Volunteers were provided a survey regarding
ease of DBS collection, which was completed by 61 of the 65 partici-
pants (Supplemental Table 1). All specimens were collected with
informed consent and the study was approved by Mayo Clinic’s Insti-
tutional Review Board.

2.2. Methods

Analysis of venipuncture-collected serum samples was performed
without deviation from the manufacturer instructions using the
Euroimmun anti-SARS-CoV-2 IgG ELISA assay.

Analysis of DBS was performed by first punching a single 3 mm
DBS into a round U-bottom polypropylene 96-well plate (Greiner
Bio-One, ChromTec, Apple Valley, MN) using a Perkin Elmer DBS
Puncher (PerkinElmer Waltham, MA). To each well, 150 mL of extrac-
tion buffer (phosphate buffered saline [PBS]/2% bovine serum albu-
min/0.5% Tween-20; Sigma Aldrich, St. Louis, MO) was added using
an Integra VIAFLO 96 channel semi-automated benchtop pipettor
(Integra Biosciences Corp., Hudson, NH), fitted with a 1250 mL 96-
channel head. An adhesive foil cover was placed on the plate, which
was then rotated at 200 rpm for 2 hours at refrigerated (2°C�8°C)
conditions. Using the semi-automated Integra ASSIST PLUS paired
with a 300 mL 8-channel Voyager pipette, the DBS extract was trans-
ferred to a Sarstedt 12 £ 75 mm polystyrene tube and subjected to a
2-fold dilution with PBS to yield the minimum volume required for
automated handling (Supplemental Figure 1). The diluted DBS
extracts were analyzed using the Euroimmun anti-SARS-CoV-2 IgG
ELISA on the Dynex Agility (Dynex Technologies, Inc., Chantilly, VA)
platform according to the manufacturer’s instructions for serum test-
ing with the following 2 deviations: (1) DBS extract, not serum or
plasma was used, and (2) DBS extracts were diluted 2-fold with PBS,
rather than a 100-fold dilution with kit buffer as required for serum.
100 ml of diluted DBS extract was transferred into the kit’s SARS-
CoV-2 S1 coated 96-well microplate, and incubated for 60-minutes at
37 § 1°C. Wells were subsequently washed 3 times with 300 ml of
the kit-provided wash buffer. Peroxidase-labelled anti-human IgG
(100 mL) was added, incubated at 37 § 1°C for 30 minutes, and wells
washed 3 times with wash buffer. Chromogen/substrate solution
(100 mL) was added, incubated for 30 minutes at room temperature,
after which kit-provided stop solution (100 mL) was added. Optical
density (OD) was measured at 450 nm with a 620-nm reference filter
on an Agility analyzer.

The Euroimmun kit supplied negative human IgG calibrator was
run in duplicate with each DBS plate batch. Per the manufacturer,
serum or plasma results are expressed as an index value, calculated
by dividing the patient sample OD value by the mean of the duplicate
calibrator OD values, with index values of <0.8, ≥0.8 to <1.1, and
≥1.1 equivalent to negative, indeterminate and positive, respectively.
This same approach was applied for determination of the results
from DBS samples: the mean of the kit IgG calibrator was used to
divide the DBS OD value to establish a DBS index value; qualitative
DBS index value thresholds were determined using receiver-operator
curve analysis.

3. Results

3.1. Filter paper study

Contrived whole blood samples using sera positive or negative for
SARS-CoV-2 IgG by the Euroimmun IgG ELISA were created, and
equal volumes spotted onto Whatman 903, Alhstrom 226, and Munk-
tell filter paper, all of which have been found equivalent in past stud-
ies (Mei et al., 2010, Rottinghaus et al., 2013). All DBS were analyzed
within the same batch. The mean index value percent difference for
SARS-CoV-2 IgG measured from Alhstrom 226 and Munktell filter
papers relative to the most commonly used Whatman 903 filter
paper were 9.4% and -5.0%, respectively.

3.2. Lancet size study

DBS specimens were collected from 13 adults each of who used 3
FDA approved lancets of different sizes: 21 G needle with 2.2 mm
depth, 21 G needle with 2.8 mm depth, and 18 G blade with 2.0 mm
depth. Each style of lancet produced suitable DBS specimens, with
most (6 of 13) participants noting the 21 G needle x 2.8 mm depth
lancet as the easiest to use. Accordingly, the 21 G needle x 2.8 mm
depth lancet was recommended for adult collections; otherwise
guidelines established by the World Health Organization should be
followed (WHO, 2010).

3.3. Desiccant study

Whole blood from a SARS-CoV-2 IgG borderline positive (Level 1)
and contrived blood from an unequivocally positive donor (Level 2)
were spotted on Whatman 903 filter paper and dried using one of
the following conditions:

� Appropriate air dry: DBS card spotted and maintained in the open
at ambient temperature overnight.

� Plastic bag with desiccant: DBS card spotted, immediately placed
in a plastic bag containing a desiccant pack (10 g, Control Com-
pany, Webster, TX) and maintained at ambient temperature (20°
C) overnight.

� Plastic bag without desiccant: DBS card spotted, immediately
placed in a plastic bag not containing desiccant, and maintained
at ambient temperature overnight.

Replicates (N = 5) from both levels were analyzed in the same
batch. While reactivity of the borderline positive (Level 1) DBS
remained largely unchanged, an average decrease in reactivity of 17.2%
and 23.1% was measured for the positive DBS (Level 2) maintained in
plastic bags with and without desiccant, respectively (Table 1).

3.4. Blood drying time study

EDTA whole blood was added toWhatman 903 filter paper using a
polyethylene transfer pipette to fill the indicated circle. Blood spots
were generated with 0, 0.5, 1, 2, and 3 hours of drying time at ambi-
ent conditions. A single ply Kimtech Science Kimwipe was placed on
top of the spots, with moderate, even pressure applied. The Kimwipe
was then visually assessed for blood transfer. After one hour of drying
at ambient conditions, the DBS were sufficiently dry, permitting
transport without the risk of absorption losses to other wicking
materials (Supplemental Figure 2).



Table 1
Desiccant study.

Appropriate air dry
Index mean (CV)

Bag with desiccant
Index mean (CV)

Bag with no
desiccant
Index mean (CV)

Level 1 1.05 (15%) 1.09 (13%) 1.02 (5%)
Level 2 8.09 (8%) 6.69 (14%) 6.17 (18%)

Whole blood from a SARS-CoV-2 IgG borderline positive (Level 1) and an unequivocally
positive donor (Level 2) were spotted onto filter paper and dried using different proto-
cols listed (see text). All resulting DBS were analyzed (5 replicates each) within the
same batch.
CV = coefficient of variation.

C.T. Turgeon et al. / Diagnostic Microbiology and Infectious Disease 101 (2021) 115425 3
3.5. DBS quality assessment

Contrived SARS-CoV-2 IgG negative and positive whole blood was
used to create optimal, suboptimal and unacceptable DBS specimens
(CLSI, 2013):

� Optimal DBS: Applied whole blood visibly saturates through the
filter paper.

� Under-saturated DBS: Applied whole blood does not saturate
through the filter paper.

� Over-saturated DBS: Multiple applications of whole blood to a sin-
gle location on the filter paper.

� Smeared DBS: Whole blood is applied using an applicator (e.g.,
bulb from a disposable transfer pipette), which is wiped across
the surface of the filter paper.
Fig. 1. Specimen stability. Two seropositive and 2 seronegative contrived DBS specimens w
3 freeze/thaw cycles. Ambient corresponds to 20°C.
� Smeared DBS with alcohol: Blood is applied using an applicator,
damp with isopropyl alcohol, which is then wiped across the sur-
face of the filter paper.

� Shipped wet DBS: After application of whole blood, the DBS card
is immediately placed in a plastic bag without a desiccator.

Despite the inappropriate specimen collections, analysis of these
DBS yielded results similar to the optimally collected anti-SARS-CoV-
2 IgG positive and negative DBS samples (Supplemental Figure 3).

3.6. Specimen stability

Contrived SARS-CoV-2 IgG positive (N = 2) and negative (N = 2)
DBS specimens were tested following heated (65°C and 37°C), ambi-
ent (20°C), refrigerated (2°C �8°C), and frozen (-20°C) storage. The
variation observed in specimens maintained at ambient, refrigerated,
or frozen conditions was equivalent to kit lot-to-lot variability (Fig. 1)
for at least 67 days. Specimen integrity rapidly deteriorated when
stored at 65°C, with a more gradual decrease in SARS-CoV-2 IgG reac-
tivity compared to samples maintained at 37°C. Up to 3 freeze/thaw
cycles produce no meaningful change in the measured SARS-CoV-2
IgG index value.

3.7. Shipping study

A set of contrived SARS-CoV-2 IgG DBS samples, including 20
negative, 20 replicates each of 2 different positive samples were
prepared and analyzed on day 0 (immediately after being spotted
ere analyzed for up to 67 days while being stored at different temperatures or through



Fig. 2. Temperature cycling study results (see text and Supplemental Table 2). Bars represent the mean of 20 measurements for each specimen.
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and allowed to air dry) and through a 5-cycle temperature exper-
iment using the FDA-recommended “Summer profile study” for
home collection of nasal swab samples in media (Supplemental
Table 2). This study was performed with a set of DBS cards placed
in a sealed container with desiccant and another set placed in a
sealed container with an open beaker of water, representing dry
and humid shipping conditions respectively. Water did not come
into direct contact with the cards. As shown in Fig. 2, a reduction
in the index value for positive specimens was observed after dry
and humid temperature cycles. However, in each case sufficient
anti-SARS-CoV-2 IgG antibody levels remained to yield a positive
result for each replicate.

3.8. Precision

Intra-assay precision (N = 10) was assessed using contrived nega-
tive (mean index value 0.9; 95% CI 0.8�1.0) and positive (mean index
value 7.3; 95% CI 6.9�7.7) anti-SARS-CoV-2 DBS samples, which
yielded coefficient of variation values of 8.9% and 7.3%, respectively.
Inter-assay precision was assessed by analyzing contrived DBS anti-
SARS-CoV-2 IgG negative (mean index value 0.7; 95% CI 0.5�0.8) and
positive (mean index value 6.7; 95% CI 6.0�7.4) across 10 batches,
which yielded coefficient of variations of 26.6% and 14.2%, respec-
tively.

3.9. Determination of the DBS qualitative cut-off using the Euroimmun
anti-SARS-CoV-2 IgG ELISA

DBS samples collected directly from 24 SARS-CoV-2 RT-PCR nega-
tive and 29 confirmed positive COVID-19 patients, tested at least 2
weeks after initial diagnosis, were used to establish the preliminary
DBS index value threshold to distinguish positive from negative qual-
itative results. Receiver operating characteristic (ROC) curve analysis
using this limited dataset identified cutoff index values of <0.71 for
negative and ≥0.71 for positive results, yielding positive, negative
and overall agreement values, relative to COVID-19 diagnosis of
96.2%, 84.0% and 86.8%, respectively.
3.10. Evaluation of contrived and authentic DBS samples using the
Euroimmun anti-SARS-CoV-2 IgG ELISA

The first evaluation was performed with contrived DBS using sera
from 21 negative, 37 positive and 2 indeterminate patients and the
reactivity was compared to the results originally obtained in serum.
Sera were analyzed and results interpreted according to manufac-
turer instructions, whereas DBS were analyzed as described above
and results interpreted using the 0.71 index value threshold. Com-
pared to serum, contrived DBS showed 100% (37/37) and 71% (15/21)
positive and negative agreement, respectively. Bivariate analysis of
this data set yielded a non-linear correlation (r2=0.97) applying a sec-
ond order polynomial fit (Fig. 3A).

The second comparison included data from 65 paired serum and
DBS specimens, which were collected concurrently from RT-PCR con-
firmed SARS-CoV-2 negative (N = 30) and positive (N = 35) individu-
als. Relative to RT-PCR diagnosis, the positive and negative percent
agreement for serum analysis was 86% (30/35) and 97% (29/30),
respectively. For DBS analysis, positive agreement to RT-PCR diagno-
sis was 83% (29/35), whereas negative agreement was 77% (23/30).
Compared to serology results in serum, DBS showed 96.8% (30/31)
positive agreement and 81.3% (26/32) negative agreement (Fig. 3B).
Bivariate analysis of serum vs authentic DBS sample index values
showed a linear, but weaker, correlation (r2=0.72) relative to the
comparison using contrived specimens (Fig. 3B). Correlation between
the result interpretation of serum to DBS using the kit provided cut-
offs for serum (≥1.1) and the preliminary cutoff for DBS (≥0.71) were
improved for the paired, authentic specimens (negative percent
agreement: 71% for contrived DBS vs. 81% for paired, authentic DBS
specimens; Fig. 3).

4. Discussion

We developed and evaluated the performance of DBS specimens
from capillary blood obtained by finger stick as an alternative to veni-
puncture-collected serum or plasma for detection of anti-SARS-CoV-2
IgG antibodies. Despite the limited utility of serologic testing for



Fig. 3. Evaluation of DBS and serum tested by the Euroimmun anti-SARS-CoV-2 IgG ELISA. (A) Contrived DBS were manufactured using sera from SARS-CoV-2 IgG negative (N = 21),
indeterminate (N = 2), and positive (N = 37) patients and results compared to those obtained in serum. (B) Comparison of paired serum and DBS collected at the same time from the
same patients (N = 65) found to be SARS-CoV-2 positive (N = 35, black dots) or negative (N = 30, circles) by RT-PCR at least 6 days prior to blood collection. Table inserts summarize
the result interpretations based on cutoffs represented by a dashed horizontal line (DBS positive index threshold: ≥0.71) and dashed vertical lines (serum positive index threshold:
>1.1, incl. an intermediate range between 0.8-1.1).
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SARS-CoV-2 in the diagnosis of COVID-19, there remains public and
private interest in antibody testing in order to establish and/or moni-
tor seroprevalence rates, identify potential convalescent plasma
donors, and potentially, to detect vaccine response. DBS specimens
for these purposes, especially if self-collected, are advantageous as
they would obviate the exposure risk to both the patient and health-
care provider, as well as eliminate the need for phlebotomist time
and effort. Notably, DBS analyses have been conducted routinely for
newborn screening for nearly 6 decades and for monitoring of
patients with inborn errors of metabolism for at least 25 years
(Guthrie and Susi, 1963, Moat et al., 2020, Randell and Lehotay, 1996).
Other early applications of home-collected DBS for drug monitoring
and infectious diseases, such as HIV, have also been successful
(Rattenbury and Tsanakas, 1988, Spielberg et al., 2000). Not surpris-
ingly, DBS applications for the COVID-19 pandemic are also starting
to emerge (Karp et al., 2020, Valentine-Graves et al., 2020), with the
FDA recently publishing a SARS-CoV-2 antibody DBS self-collection
validation protocol.

Given the significant interest in serologic testing during the initial
part of the pandemic, our approach for DBS testing was to first assess
the feasibility of this alternative specimen type using an assay that
had already received FDA EUA for serum, the Euroimmun anti-SARS-
CoV-2 IgG ELISA. A DBS extraction protocol, based on current DBS
assays used in our laboratories, was developed before a preliminary
index value threshold for the Euroimmun IgG ELISA was established
and analytical/clinical validation studies were conducted. The
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outcome of these preliminary studies supports the applicability of
DBS as an alternative specimen type to serum for SARS-CoV-2 sero-
logic testing. While DBS specimens showed high positive percent
agreement (96.7%; 30/31) as compared to serum in paired samples
using the Euroimmun anti-SARS-CoV-2 IgG ELISA, negative percent
agreement was lower (81.5% 26/32). Collectively, this indicates that
while negative results from DBS specimens using this method are
largely reliable, positive results are not. Therefore, confirmatory or
supplemental testing for DBS-positive results using the Euroimmun
IgG ELISA would be recommended, ideally performed on a venipunc-
ture-collected serum or plasma sample tested by an alternative assay
with FDA EUA. Assay accuracy on DBS specimens is likely impacted
by specimen type, but probably to a greater extent by the perfor-
mance characteristics of the analytical assay system itself. Prior com-
parative studies for the Euroimmun IgG ELISA assay have found
variable clinical performance characteristics versus COVID-19 diag-
nosis, including sensitivity and specificity values ranging from 78%-
100% and 94.8%-100%, respectively (Nicol et al., 2020, Schnurra et al.,
2020, Tang et al., 2020, Theel et al., 2020a). Notably, while Euroim-
mun has meanwhile also validated DBS extracts for their IgG ELISA
and report 100% positive and negative percent agreement values
(https://www.coronavirus-diagnostics.com/documents/Indications/
Infections/Coronavirus/EI_2606_D_UK_A.pdf; accessed 2/1/2021),
our data indicate significantly lower result concordance which should
be recognized by laboratories considering implementation of this
testing.

We performed a number of studies assessing pre-analytical fac-
tors that may affect accuracy of serologic testing on DBS, including
the quality of the blood application to filter paper, DBS specimen sta-
bility under various conditions (e.g., temperature, humidity, etc.), and
DBS drying time, among others, and found that the following condi-
tions are optimal for DBS sampling and storage: drying time of at
least 1 hour at ambient temperature in room air, and stability at
room temperature, refrigerated or frozen conditions for at least
67 days. The quality of the blood application to the filter paper was
not a major factor as long as there was sufficient blood to allow for at
least one analysis. In contrast to recent publications that describe the
use of larger amounts of DBS (Karp et al., 2020, Valentine-
Graves et al., 2020), we found that a single 3 mm punch from the DBS
sample was sufficient for reproducible results. Overall, our studies
indicate that most DBS received in the laboratory would be of ade-
quate quantity and quality for analysis.

We also assessed throughput of DBS analysis using the Euroim-
mun anti-SARS-CoV-2 IgG ELISA. DBS processing and testing was per-
formed in a semi-automated fashion, which required 45 minutes of
technologist effort and a total time of 5.25 hours from DBS punching
to result availability for 96 samples (including 2 calibrators, 4 controls
and 90 patient specimens). This allows for a throughput of 270
patient samples per 8-hour shift, by 2 laboratory technologists using
one analyzer, where shifts are staggered by 2.5 hours.

These DBS validation studies were conducted between April and
June 2020, before the FDA provided guidance on recommended stud-
ies for authorization of self-collected DBS specimens (https://www.
fda.gov/medical-devices/coronavirus-disease-2019-covid-19-emer
gency-use-authorizations-medical-devices/vitro-diagnostics-euas,
last accessed: 1/31/2021). Our DBS validation studies involved identi-
fication of individuals who had tested positive by RT-PCR at least 2
weeks prior, and collection of paired serum and DBS. Patients were
given the opportunity to self-collect the DBS specimen via finger stick
after being provided the DBS collection kit (instructions, alcohol
swab, sterile gauze, blood spot collection card with area to record
patient information, lancet and Band-Aid) from the observing phle-
botomist. In contrast to true home-collections, the DBS were not
dried in the patient’s home and were not sent through the mail.
Instead, the phlebotomist placed the DBS in an open plastic bag for
drying and within 1.5 hours submitted both specimens to the
laboratory for subsequent testing. A survey was completed by 61 par-
ticipating patients (46 females, 15 males; age range: 19�59 years)
which indicated that the self-collection was overall acceptable (Sup-
plemental Table 1). Consistent with prior self-collected DBS experien-
ces, all but 2 of the 61 participants (97%) were satisfied with the DBS
self-collection and would consider this type of home collection kit for
future health care needs.

DBS specimens tested by the Euroimmun IgG ELISA were recently
used for a study to determine the prevalence of SARS-CoV-2 antibod-
ies among Mayo Clinic employees, with confirmatory testing of posi-
tive DBS results required (Carter et al., 2021). Nearly 30,000
employees volunteered to participate and were tested within 6
weeks. Each working day, an average of 1,215 (range: 2 to 2,549;
median 1,019) DBS were received in the laboratory, extracted and
tested using up to 8 FTE and 5 workstations. The mean daily time
from sample receipt to routine reporting of results through the labo-
ratory information system was 21 hours (range: 4�78 hours).

In summary, we provide further evidence that antibodies can be
extracted efficiently from DBS and that this alternative specimen
type may be used for detection of antibodies to SARS-CoV-2. Perfor-
mance characteristics of DBS extracts require careful validation on
anti-SARS-CoV-2 serologic assays in particular because this speci-
men type still awaits FDA approval and external quality assessment
programs are not yet available. Notably, we report that while the
positive percent agreement of DBS extract as compared to paired
serum samples was high using the Euroimmun anti-SARS-CoV-2 IgG
ELISA, the negative percent agreement was low, necessitating con-
firmatory testing. The need to confirm DBS results positive by the
Euroimmun IgG ELISA is a significant limitation as was shown in
Mayo Clinic’s seroprevalence study where 14.5% of DBS samples
that had above cutoff results required confirmation in a serum sam-
ple of which only 4% were found to be positive using the Roche
Diagnostics Elecsys Anti-SARS-CoV-2 Total Antibody electrochemilu-
minescence immunoassay (ECLIA; Indianapolis, IN) (Carter et al.,
2021). However, should better performing serologic assays applica-
ble to DBS become available, self-collected DBS offer a means for
efficient and effective population seroprevalence testing, without
individuals having to risk exposure to potentially infectious individ-
uals outside their home.
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