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ARTICLE INFO ABSTRACT

Keywords: Background: Serologic analysis is an important tool towards assessing the humoral response to COVID-19
Dried blood spot infection and vaccination. Numerous serologic tests and platforms are currently available to support this line
COVID-19

of testing. Two broad antibody testing categories are point-of-care lateral flow immunoassays and semi-
quantitative immunoassays performed in clinical laboratories, which typically require blood collected from a
finger-stick and a standard venipuncture blood draw, respectively. This study evaluated the use of dried blood
spot (DBS) collections as a sample source for COVID-19 antibody testing using an automated clinical laboratory
test system.

Methods: Two hundred and ninety-four participants in the BLAST COVID-19 seroprevalence study
(NCT04349202) were recruited at the time of a scheduled blood draw to have an additional sample taken via
finger stick as a DBS collection. Using the EUROIMMUN assay to assess SARS-CoV-2 anti-spike IgG status, DBS
specimens were tested on 7, 14, 21, and 28 days post- collection and compared to the reference serum sample
obtained from a blood draw for the BLAST COVID-19 study.

Results: SARS-CoV-2 anti-spike IgG status from DBS collections demonstrated high concordance with serum
across all time points (7-28 days). However, the semi-quantitative value from DBS collections was lower on
average than that from serum, resulting in increased uncertainty around the equivocal-to-positive analytical
decision point.

Conclusions: DBS collections can be substituted for venipuncture when assaying for COVID-19 IgG antibody, with
samples being stable for at least 28 days at room temperature. Finger-stick sampling can therefore be advan-
tageous for testing large populations for SARS-CoV-2 antibodies without the need for phlebotomists or immediate
processing of samples. We have high confidence in serostaus determination from DBS collections, although the
reduced semi-quantitative value may cause some low-level positives to fall into the equivocal or even negative
range.

COVID-19 antibody
SARS-CoV-2 IgG
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M.D. Sims et al.
1. Introduction

Southeast Michigan was disproportionately affected during the
initial wave of COVID-19 infections in the United States (April 2020). To
assess seroprevalence within a large healthcare community during that
period, a large-scale serology study was initiated (the Beaumont Health
Large-Scale Automated Serologic Testing for COVID-19 study, BLAST
COVID-19, NCT04349202). This study recruited approximately 22,000
healthcare employee and involved collection of blood samples to assess
SARS-CoV-2 anti-spike IgG status (Sims et al., 2020).

Serological testing is commonly performed using serum obtained
from patients via venipuncture. In contrast, dried blood spot (DBS)
collections, which may be a viable alternative to serum, are collected
with a finger stick, are less invasive and require less training to obtain.
For DBS testing, blood from a finger stick is dried onto a filter paper card.
The protein fraction from the DBS is subsequently extracted manually or
using a semi-automated processor. The latter option is routinely used to
support new-born screening needs. DBS collections are also stable at
room temperature for a prolonged period of time, making this option
appealing in circumstances in which electricity and refrigeration are not
readily available. Lastly, self-performed DBS collections could provide a
more convenient option to individuals for testing compared to standard
venipuncture, which typically requires a visit to a healthcare facility
(Kuehn, 2020).

DBS testing for SARS-CoV-2 antibodies could allow for larger studies
to be performed without the need for phlebotomy and refrigeration. To
validate this methodology, a subset of participants in the BLAST COVID-
19 study were asked to supply a DBS collection to be tested and
compared to a standard venipuncture blood draw obtained at the same
time.

2. Materials and methods
2.1. Study design

A total of 300 participants from the BLAST COVID-19 study were
consented to provide a DBS card for the purpose of comparing serology
results from a DBS collection with a standard venipuncture blood draw
(i.e. serum sample analysis). Out of the 300 participants, 200 and 100
individuals were previously known to be positive and negative for SARS-
CoV-2 anti-spike IgG, respectively. DBS collections were obtained by the
study nurse (Phlebotomist Acquired - PA) from 171 of the IgG positive
cohort and 73 of the IgG negative cohort. Twenty-three of the IgG pos-
itive cohort and 27 of the IgG negative cohort performed their own
finger-stick (self-stick) for purposes of comparing PA to self-stick DBS
collections. For self-stick collections, standard instructions from the
vendor were provided to each participant. The study nurse did not direct
the participants in any way on how to perform the collection but were
available to deal with any device-related injury. No injuries or com-
plaints were reported to a study team member in the self-stick cohort.
For all participants, only cards that contained at least 3 out of 5 filled
circles and passed visual quality inspection were included. Six PA
samples were excluded from the study due to inadequate collections,
leaving 294 total participants.

Cards were stored in a sealed plastic bag at room temperature. Seven
days after the date of DBS collection, three punches from each card were
tested for IgG to assess test reproducibility. No more than two punches
were taken from each circle. The card was then stored in the same
manner and tested for SARS-CoV-2 anti-spike IgG on days 14, 21, or 28
post-collection. One third of the positive and negative samples chosen at
random were tested by obtaining 3 additional punches per card at each
of those time points for triplicate measurements.

2.2. DBS extraction and antibody testing

The automated DBS extraction procedure and immunoassay for
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SARS-CoV-2 anti-spike IgG antibody detection used for the study was
developed by EUROIMMUN. For analyte extraction, a single 4.7 mm
round punch using the PerkinElmer DBS Puncher was submerged into a
well of an uncoated microtiter deep well plate containing 250 pL of
sample buffer obtained from the EUROIMMUN SARS-CoV-2 anti-spike
IgG test kits. The plate was incubated for 1 h at 37 + 1 °C without
agitation. After incubation, the extract was mixed by pipetting up and
down for a minimum of 3 times, and 200 pL of the eluate was transferred
to an uncoated U-bottom microtiter plate. The sample plate was subse-
quently loaded onto the EUROIMMUN Eurolab Workstation, an auto-
mated high-throughput analyzer designed for clinical labs to support
ELISA-based testing. The EUROIMMUN SARS-CoV-2 anti-spike IgG
assay was performed according to the package insert for all samples
tested (DBS, serum). Each serology test result from a DBS collection was
compared to the corresponding reference serum result collected from
the same study participant on the same day.

2.3. Serum reproducibility study

To determine antibody status using the EUROIMMUN SARS-CoV-2
anti-spike IgG assay, the OD (optical density) value from a tested sam-
ple is divided by the OD of the test calibrator. This OD ratio is subse-
quently used to determine antibody status based on cut-off values
established by the assay manufacturer. To assess imprecision of serum
OD ratios relative to a benchmark, specimens from 16 de-identified
patients were tested for SARS-CoV-2 anti-spike IgG (benchmark or
reference result). The same cohort of samples were subsequently tested
in triplicate on a different day. The triplicate OD ratios was compared to
the original serum test result to determine variation relative to a refer-
ence result for serum-based testing.

2.4. Data aggregation and statistical analysis

All demographic data were summarized using number or percent for
categorical data or mean and standard deviation for continuous data.
Initial analyses focused solely on data from the DBS study. The quali-
tative result of the EUROIMMUN assay for anti-SARS-CoV-2 anti-spike
IgG was evaluated first. Agreement in the qualitative results of DBS
relative to the reference serum sample (i.e. standard venipuncture blood
draw) collected on the same day was evaluated using contingency tables
and Cohen's kappa. Pearson's correlation coefficient was used to quan-
titatively compare OD ratios between DBS and reference serum samples.
We evaluated systematic differences between DBS and reference serum
sample OD ratios using Bland-Altman analyses (Bland and Altman,
1986; Zou, 2011).

Systematic differences between DBS and reference serum sample OD
ratio were evaluated using linear mixed models, with data from the DBS
and Serum Reproducibility (SR) studies. First, we examined the sys-
tematic differences between the three repeat OD ratios and the original
serum sample, comparing DBS and serum OD ratio repeats. The differ-
ence between the repeated value (DBS OD ratio of PA subjects for a given
day for DBS study; repeated measurement of serum OD ratio for SR
study) and the reference serum OD ratio was included as the dependent
variable in a linear mixed model. This model included the fixed effects of
a restricted cubic spline of reference serum OD ratio, study (DBS vs SR),
and the interaction between these two effects. The model also included a
random intercept for study subject within study. Second, we evaluated
how the systematic difference between DBS and serum reference OD
ratio (DBS study only) varied by day of the assay using the difference
between the DBS and the reference serum OD ratios as the dependent
variable. The model included the fixed effects of day of assay (7, 14, 21,
or 28 days; linear relationship assumed), collector (PA vs self-stick), the
interaction of day and collector, and a restricted cubic spline of refer-
ence serum OD ratio. A random intercept for subject within collector
was also included in the model. Lastly, we compared within-subject
variability of DBS (DBS study) and serum (SR study) OD ratios using
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observed OD ratios as the dependent variable. The model included the
fixed effects of study (DBS vs SR), a restricted cubic spline of reference
serum OD ratio and the interaction of these two. The model also
included a random intercept for subject within study. We used the
Akaike information criterion (AIC) and the Schwarz Bayesian informa-
tion criterion (BIC) to evaluate the structure of the variance of the
random effects and the residual variance, evaluating whether the vari-
ance in the random intercept depended on study. We also evaluated
whether the residual variance depended on study reference serum OD
ratio group (OD ratio < 0.8, 0.8<OD ratio < 2, 2<OD ratio < 5, OD
ratio>5) or the combination of study and reference serum OD ratio
group. Both AIC and BIC favored a model with one variance for the
random intercept and eight residual variances for study by reference
serum OD ratio group.

3. Results

The study included 244 PA and 50 self-stick samples (Table 1). De-
mographics were similar to the BLAST COVID-19 study (Sims et al.,
2020).

Comparing qualitative serology test determinations, the DBS result
obtained from the first punch after 7 days showed high agreement with
the reference serum result. Samples from both the PA and self-stick
cohorts demonstrated large Cohen's x (Fig. 1A; PA: 0.91, 95% CI —
0.86-0.96; Self-stick: 1.00, with no discordant samples). Likewise, DBS
and reference serum OD ratios showed a strong quantitative relationship
for both PA and self-stick groups (Fig. 1B; r = 0.98). Bland-Altman
analysis of the DBS OD ratio after 7 days showed that DBS OD ratios
tended to be smaller than serum OD ratios, although the limits of
agreement include O (lower limit of agreement ~ —1.5; upper limit of
agreement ~1.0; for both PA and self-stick samples; Fig. 1C). The results
also suggest that the largest difference between DBS and reference
serum OD ratios is at an average OD ratio of ~5. Similar results were
obtained for DBS samples assayed on day 14, 21 and 28 post-collection
(Supplementary Figs. S1-S3).

The observed difference between DBS and reference serum OD ratios
(Fig. 1C) led us to examine systematic differences in replicate mea-
surements of the same serum sample using our test system. We modeled
the difference between DBS and reference serum OD ratios as well as the
difference between serum replicates and corresponding reference serum
values (Fig. 2). The DBS/reference serum difference in OD ratio on day 7
post-collection showed a non-linear relationship with reference serum
OD ratio (Fig. 2A). In contrast, the serum reproducibility study did not
show this relationship, in which a cohort of 16 serum samples were re-
tested in triplicate and compared against the reference results from the
same cohort of samples originally tested a few days prior. The DBS OD

Table 1
Study Demographics.

Category Description Phlebotomist Acquired Self-Stick

N 244 50

Gender Female 197 (80.7) 43 (86.0)
Male 47 (19.3) 7 (14.0)

Race White 189 (77.5) 40 (80.0)
Black 17 (7.0) 4 (8.0)
Asian/Pacific Islander 25(10.3) 4(8.0)
Other/Prefer not to answer 13 (5.3) 2(4.0)

Age 20-29 46 (18.9) 9 (18.0)
30-39 57 (23.4) 8 (16.0)
40-49 54 (22.1) 14 (28.0)
50-59 60 (24.6) 11 (22.0)
60-69 25 (10.3) 8 (16.0)
70-79 2(0.8) 0 (0.0)

Comorbidity Diabetes 14 (5.7) 1(2.0)
Cardiovascular Disease 5(2.1) 0 (0.0)
Chronic Lung Disease 13 (5.3) 1 (2.0)
Hypertension 34 (13.9) 8 (16.0)
Any Comorbidity 64 (26.2) 9 (18.0)
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ratio showed a small, but statistically significant, difference from the
serum reference OD ratio when the serum OD ratio was at least 0.8
(Fig. 2B). Similar results were observed on days 14, 21 and 28 post-
collection (Supplementary Figs. S4-S6).

The repeatability of OD ratio measurements was compared between
DBS and serum. In general, the variance among repeats increased for
both DBS and serum repeats as the OD ratio increased (Fig. 2C). How-
ever, the variance among repeat DBS measurement was always larger
compared to serum measurements. These results indicate that the
repeatability for DBS is slightly worse compared to serum collections.

We next examined how differences in OD ratios from parallel DBS
and serum collections would impact serological status determination. As
established by the test manufacturer, OD ratios of <0.8, 0.80-1.09 and
> 1.1 are interpreted as negative, equivocal, and positive, respectively.
The systematic difference estimated in Fig. 2 indicates that OD ratios
>1.6 are unlikely to result in different serostatus determinations be-
tween DBS and serum collections (i.e. all would be considered IgG
positive). However, smaller OD ratios near the analytical decision points
of the assay are more likely to yield discordant results. For example, a
sample with a reference serum OD ratio of 1.1 (positive) could yield a
DBS OD ratio of ~0.85 (equivocal), since the systematic difference at a
reference serum OD ratio of 1.1 is ~ — 0.25 (Fig. 2B). In these circum-
stances, the described systematic differences did result in samples being
mis-called between DBS and serum collections (Fig. 3). Some samples
with reference serum OD ratios in the equivocal range yielded OD ratios
from DBS collections that were interpreted as negative. Likewise, some
samples with positive reference serum OD ratios yielded results in the
equivocal range for DBS collections. Similar findings were observed for
samples tested on days 14, 21 and 28 (Supplementary Figs. S7-S9).

We next examined the impact of time between sample collection and
processing on assay OD ratios between DBS and standard venipuncture
blood draws (i.e. reference serum samples). Similar to what was initially
observed with samples tested on day 7 post-collection, the OD ratios
were lower for DBS samples tested on days 14, 21 and 28 compared to
serum samples. For PA samples, the maximum absolute difference
observed between DBS and reference serum OD ratios at 28 days post-
collection was approximately 0.75 (Fig. 4). The difference at this time-
point between DBS and the corresponding reference serum sample
with an OD ratio of 0.8 and 1.1 (analytical decision cutoff points) was
approximately —0.3 and — 0.4, respectively. Samples from the self-
fingerstick cohort did not show as strong an association with duration
of time between sample collection and processing (Supplementary
Fig. S10). However, those samples demonstrated a more consistent but
larger decrease in OD ratios for DBS compared to serum collections.

4. Discussion

In this study, we evaluated the ability to substitute standard veni-
puncture blood draws with DBS collections obtained by finger stick for
the evaluation of SARS-CoV-2 anti-spike IgG antibody status. The ability
to use DBS as an option for this line of testing compared to a standard
blood draw has a number of advantages including reduced dependency
of phlebotomy staff to perform the collection, decreased time necessary
to collect the sample, and no need for centrifuges for specimen pro-
cessing and refrigerators for specimen storage. These factors allow for
large scale collection of samples for seroprevalence studies and the
ability to conduct such studies in areas where such resources may not be
readily available. Furthermore, specimens could potentially be obtained
at home using a self-finger-stick kit and a pre-prepared mailer (Kuehn,
2020; Centers ForDisease Control and Prevention, 2017).

The results from this study demonstrate that DBS collections can
serve as an acceptable alternative to standard venipuncture blood draws
for SARS-CoV-2 anti-spike IgG antibody testing. DBS collections can be
stored for at least 28 days and yield comparable results to those pro-
cessed on day 7 after collection. The ELISA method used for antibody
testing in this study also offers a semi-quantitative metric to assess
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Fig. 1. Agreement between dried blood spot (DBS) and reference serum at 7 days post-collection A. Agreement between qualitative results, where each OD
ratio was categorized as being IgG negative, IgG positive or equivocal based on the manufacturer's test cutoff values. Only the first DBS spot analyzed 7 days post-
collection is presented, and the agreement is summarized using Cohen's k. B. Association between quantitative results, showing the Pearson correlation between DBS
and reference serum OD ratio for the first DBS spot analyzed 7 days post-collection. C. Differences between DBS and reference serum OD ratios versus the average
ratios using all spots per study participant 7 days post-collection. PA = phlebotomist acquired sample; Self = self-stick acquired sample.

antibody levels, which can be useful to assess the magnitude of the
humoral response to COVID-19 infection and vaccination. For example,
including a quantitative evaluation of antibody responses in longitudi-
nal studies designed to determine how long the SARS-CoV-2 anti-spike
IgG response is sustained in various patient populations if of high clin-
ical value. For the ELISA assay manufactured by EUROIMMUN, the
absorbance value for each reaction is divided by the absorbance of a
calibrator tested on each plate. That OD ratio is proportional to antibody
levels within certain limits. Testing using DBS collections demonstrated
slight systematic differences relative to the reference serum (Fig. 2C).
The OD ratios of DBS specimens tested on day 7 post-collection averaged
a decrease of up to 0.5 compared to the reference serum samples from
standard venipuncture blood draws. This systematic difference can lead
to a difference in antibody status determination for specimens with a
reference serum result slightly above the equivocal or positive cut-off
points. In our study cohort, five positive reference serum specimens
with OD ratios slightly above the positive cut-off point yielded an
equivocal (four specimens) or negative (one specimen) result when the
corresponding DBS collections were tested. Furthermore, six reference
serum specimens with equivocal OD ratios yielded a negative result
when the corresponding DBS collections were tested. None of the
specimens between the serum and DBS collections shifted from negative
to equivocal/positive, respectively.

A number of other studies have compared DBS to serum for detecting

SARS-CoV-2 antibodies. These studies used different kits for antibody
detection with variable results and conclusions (Weisser et al., 2021;
Amendola et al., 2021; Zava and Zava, 2020; Morley et al., 2020; Moat
et al., 2020; Valentine-Graves et al., 2020; Brown et al., 2021; Mul-
chandani et al., 2021). Three of these studies were performed using the
EUROIMMUN assay (Weisser et al., 2021; Amendola et al., 2021; Zava
and Zava, 2020). Of note, none used an automated punching device for
subsequent extraction and testing as in this study. Weisser et al. exam-
ined DBS collections using a single timepoint for each specimen pro-
cessed between day 6 and 14 post-collection (Weisser et al., 2021).
Similar to our study, a strong correlation between standard venipunc-
ture blood draws and DBS collections was observed. However, the
quantitative correlations were different (i.e. positive bias for DBS vs.
serum). One potential concern was that nearly half of the DBS collection
cards were noted to be of sub-optimal quality. Another study by
Amendola included a cohort of 52 participants (Amendola et al., 2021).
That group also used the EUROIMMUN assay for SARS-CoV-2 antibody
evaluation with similar overall qualitative concordance to what is
described here. Our study provides further details regarding how DBS
collections compares to standard blood draws for SARS-CoV-2 anti-spike
IgG testing from the analytical standpoint.

Our results indicate that the DBS/reference serum OD ratio differ-
ence increases with each additional week of storage before the specimen
was extracted and tested. This difference becomes progressively more
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both the DBS and Serum Repeat (SR) studies. The means (dark lines) were estimated using a linear mixed model, and 95% confidence intervals are shown as the
shaded area. The red line at the bottom indicates the region where the difference from the reference serum OD ratio differs significantly between the DBS and SR
studies. B. Estimated mean differences as indicated in panel A, but at reference serum measurements near the analytical decision points (OD ratios of <0.8, 0.80-1.09
and > 1.1 are interpreted as negative, equivocal, and positive, respectively). Estimated means and 95% confidence intervals are shown. The red line at the bottom
indicates a statistically significant difference between serum and DBS. C. The estimated variance among replicate OD ratio values for all subjects, with the variance
depending on the reference serum OD ratio. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of
this article.)
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Fig. 4. Impact of time between sample
collection and processing on assay OD
ratios for phlebotomist acquired DBS col-
lections. A. Mean difference between DBS
and reference serum collections from testing
performed in triplicate as a function of
reference serum OD ratio. Each time point (i.
e. 7, 14, 21 and 28 days post-collection) is
denoted by a different colored line. B. Mean
difference between DBS and reference serum
collections from testing performed in tripli-
cate at OD ratios of 0.8 and 1.1 (analytical
decision cutoff values).
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negative each week (average weekly decrease of ~0.09 for PA cohort,
Fig. 4A). As observed on day 7, some reference serum low-level positive
OD ratios obtained 14, 21 and 28 days after collection yielded either
negative or equivocal result when the corresponding DBS collections
were tested. Storing samples in a sealed bag containing a desiccant or at
a low temperature may mitigate the noted issue with each additional
week of storage. Overall, DBS collections produced some false negatives
when compared to reference serum samples. However, the risk of a false
negative result from a DBS specimen only applies to reference serum
specimen that would yield an OD ratio close to the positive cut-off of the
assay. Given this finding, we suggest that the equivocal range for DBS-
based testing would need to be expanded appropriately through
further validation studies. Using our data as a derivation set, the
equivocal range would expand from 0.80 to 1.09 to approximately
0.40-1.09. From a clinical standpoint, an equivocal result indicates the
testing is insufficient to determine antibody status with high confidence.
Re-testing in 2-3 weeks is typically advised in these circumstances to
determine if antibody seroconversion has occurred.

We also evaluated repeatability of DBS collections relative to serum
obtained from standard venipuncture blood draws. Serum samples
measured multiple times show significantly less variability among the
repeats when compared to DBS. The increased variability among DBS
repeats is likely due to slight sample inconsistencies in the extraction
process. Small differences in the amount of dried blood recovered from a
punch might lead to a corresponding difference in the amount of anti-
body recovered. Using an automated DBS card puncher and automated
platform for testing can certainly minimize analytical variability
compared to any manual procedure introduced into the workflow.
Although the variability in antibody measurements for DBS collections
was higher compared to serum, the assay imprecision using DBS is
considered acceptable for all clinical applications.

Our data also suggest that DBS specimens could be obtained through
a self-fingerstick collection kit, with the individual mailing the blood
spot card to a clinical laboratory for testing. The primary benefits of the
self-fingerstick option are there would be no need for phlebotomy or
nursing support to perform the collection, and it obviates the need for an
individual to make a visit to a clinic or healthcare facility. Results from
this study demonstrates self-fingerstick collections were comparable to
those obtained by a nurse. Further evaluations are needed to determine

Serum

Day

Level =— 08 — 1.1

the quality of self-fingerstick collections using at-home kits. Such kits
can be supplemented with online resources and instructions for how to
perform the collections appropriately.

Using an automated workflow amenable to a clinical laboratory, this
study provides a critical analysis comparing DBS collections with stan-
dard venipuncture blood draws for SARS-CoV-2 IgG antibody testing.
With a point of caution regarding test result values close to the analytical
decision point of the assay, DBS collections can serve as an acceptable
and convenient option for COVID-19 antibody evaluations.
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