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Abstract

Serological test methods to detect anti-SARS-CoV-2 antibodies represent a major

measure to manage the pandemic caused by the coronavirus disease 2019 (COVID-

19). In this communication, test results obtained from minimal-invasively collected

dried blood spot (DBS) specimens, which can be sampled ‘at home’ without the need

of medically trained personnel, are compared to conventionally collected venous

blood samples. DBS samples were prepared for analysis either manually or by a card

extraction robot, and electrochemiluminescence assay (ECLIA) characteristics, assay

readout values as well as stability data covering a period of more than 200 days are

provided. Constant anti-SARS-CoV-2 antibody readouts of quality control DBS were

obtained over the entire test period using DBS specimens stored under dry and dark

conditions. In addition, test results obtained from individuals tested twice within

10months post-infection indicated a consistent presence of antibodies.
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1 INTRODUCTION

The unprecedented coronavirus disease 2019 (COVID-19) has neces-

sitated versatile and highly adapted diagnostic and analytical tools to

understand and manage the pandemic. After a series of unexplained

cases of pneumonia occurred inWuhan (China) in December 2019, the

target pathogen severe respiratory syndrome corona virus 2 (SARS-

CoV-2)was readily identified and genetically characterized,1,2 andonly

approximately 12 months later the first3 of several promising vaccine

candidates passed approval procedures4–7 in several countries. Nev-

ertheless, the still continuously high/increasing numbers of infections

and the appearance of new fast-spreading variants8–11 have pushed

health care systems to their limits, and the search for proportional

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and nomodifications or adaptations aremade.

© 2021 The Authors. Analytical Science Advances published byWiley-VCHGmbH

but adequate measures to combat the pandemic and its global conse-

quences has been of extraordinary complexity.

To date, various analytical testing procedures are approved and

available, including molecular antigen detection (nucleic acid tests,

NAT) as well as a versatile range of serological tests (antibody

detection).12 NAT approaches, especially the promptly developed

real-time reverse-transcription-polymerase chain reaction (RT-PCR)

assay13,14 are the gold standard for confirming a SARS-CoV-2 infec-

tion. In addition, rapid test methods such as lateral flow immunoas-

says (LFIA) have been introduced for various purposes, e.g. for access

control to sensitive areas.15,16 Complementary, serological test meth-

ods can be applied to supplement standard RT-PCR assays to cover

false negative results as a consequence of decreasing viral shed in the
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respiratory sampling area.17 Moreover, these techniques are highly

valuable to detect the humoral response in form of immunoglobulins

(mostly IgG and/or IgM), which enable virus-tracking in case of epi-

demiologic studies and support follow-up analyses concerning the effi-

cacy of initiated vaccination programs. The aforementioned immune

response to SARS-CoV-2 exposure is described to be of successive

antibody formation, presenting first IgM (after 3-7 days) followed by

the long-term presence of IgG (after 7-25 days). The absolute inten-

sity of antibody production is known to correlate with the clinical

severity,15,17 and whether or not IgGs and their concentration are

indicative for potential immunity has been a topic of ongoing debates.

Herein, a routine procedure contributing to comprehensive anti-

SARS-CoV-2 antibody tests from dried blood spots (DBS) is presented

in continuation of previous studies.18–22 The use of DBS as an alter-

native matrix offers clear benefits as no one-on-one contact for an

invasive venipuncture is needed and sample transport and storage are

tremendously facilitated by mail delivery and room temperature con-

ditions. Due to their design and properties, enzyme-linked immunosor-

bent assays (ELISAs) and CLIAs are suitable screening methods to test

larger populations within a short time.16 Approximately 1000 sam-

ples have been analyzed in the context of (elite) sport test programs

and research projects, employingmanual sample preparation aswell as

automated DBS sample extraction. Feasibility and utility of automated

DBSextraction23–26 havebeen reported in the context of various appli-

cations, including SARS-CoV-2 antibody tests.19

2 MATERIALS AND METHODS

2.1 Chemicals and materials

Ethylenediaminetetraacetic acid dipotassium salt dehydrate (K2E)

was purchased from Sigma Aldrich/Merck (Darmstadt, Germany).

Hence, an aqueous 1.8 mg/mL solution for DBS extraction was pre-

pared using deionized water obtained from a Barnsted GenPure

device from Thermo Scientific (Bremen, Germany). For the sampling

of capillary blood, 20 µL end-to-end capillaries coated with K2E and

1.5 mL PP micro tubes were acquired from Sarstedt (Nümbrecht,

Germany). Additionally, 20 µL Mitra®-tips from Neoteryx (Torrance,

CA, USA) were used. Moreover, DBS collection was conducted using

Hemaxis DB 10 collection devices (DBS Systems SA, Gland, Switzer-

land) and Tasso-M20 devices (Tasso Inc., Seattle,WA, USA). For venous

blood drawings, BD Vacutainer® Safety-Lok™ Blood Collection Sets

and K2E (5.4 mg, 3 mL) and SST™ II Advance (5 mL) Plus Blood

Collection Tubes from BD were used for plasma and serum collection,

respectively. QIAcard FTA™ DMPK-C were purchased from VWR

International GmbH (Bruchsal, Germany). MiniPax® absorbents

packets were also obtained from Sigma Aldrich/Merck.

2.2 Blood samples

All research samples (venous whole blood and DBS) were collected

with approval of the local ethics committee (#054/2020, German

F IGURE 1 Schematic illustration of DBS extraction by the Flow
ThroughDesorption™ (FTD) principle

Sport University Cologne, Germany) and written informed consent

of the participants. A total of 434 contract DBS analyses were con-

ducted in cooperation with Droplabs UG (Düsseldorf, Germany). Fur-

thermore, 72 blood samples of PCR positive-confirmed specimens

from hospital patients including EDTAwhole blood, plasma, and serum

were obtained from the Plataforma Biobanco Pulmonar of the Institut

d’Investigació Sanitària Illes Balears (IdISBa, Spain).

2.3 Sample preparation

Serum and plasma were prepared by centrifugation (1800 × g, 5 min)

from venouswhole blood collection tubes andwere immediately appli-

cable to ECLIA analysis (vide infra). For the analysis of DBS, up to 4

spots of approximately 20 µL of capillary blood were collected by a

finger-prick onto the cellulose-based DBS cards. Directly after sam-

pling, the DBS cards were stored together with a desiccant pack in

suitable plastic bags at room temperature until analysis. For extraction

purposes, the DBS was punched and quartered into 1.5 mL microcen-

trifuge tubes before additionof 100µLof theEDTAsolution and10min

of ultra-sonication. The obtained blood extract was separated from the

remaining cellulose material and transferred to fresh PP micro tubes

for ECLIAmeasurement.

2.4 Automated DBS extraction

Alternatively, the utility of a Dried Blood Spot Autosampler (DBS-A,

GERSTEL, Muelheim, Germany) in support of an automatic sample

extraction procedure based on the Flow Through Desorption™ (FTD)

principle (Figure 1) was assessed. The operating instrumental setup

consisted of twoMultiPurpose Samplers (MPS) controlled viaMaestro
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TABLE 1 DBS-A sample extraction protocol

# Solvent

Volume

[µL]

Aspiration

[µL/min]

Dispensing

[µL/min]

1 EDTA 85 10 000 2000

2 Air 250 10 000 250

3 Air 4000 10 000 10 000

4 EDTA 2000 10 000 4000

5 EDTA 2000 10 000 4000

6 Air 4000 10 000 10 000

software version 1.4.57.5 (both from GERSTEL, Muelheim, Germany).

One (left) was customized and trained for DBS card sampling. It was

equipped with autosampler card racks of 24 positions each and a sam-

pling arm for DBS card handling. This unit was directly connected to

serve the DBS unit where the extraction takes place. As pump con-

trol system, a High Pressure Dispenser (HPD) was promoting extrac-

tion and wash solutions. The secondMPS (right) was equipped with an

80 µL sideport-syringe for transfer and filling of the sample extracts

into ready-to-use vials for ECLIA.

The automated extraction workflow was programmed as follows:

The left MPS inserts a card from a card rack into the DBS unit, where

digital photography ensures the documentation of the spot quality, the

spot localization, and (optionally) the barcode reading. The blood spot

is sealed leak tight into the flow path at the determined position by a

set of clamps of 8 mm diameter (alternatively 2, 4, or 6 mm) enabling

full spot desorption of the 20 µL blood spots. For antibody extraction,

an aqueous EDTA solution (1.8 g/L) is used. A volume of 85 µL is trans-

ported as a segmented volume through the capillaries (Table 1, step 1).

To prevent dilution effects, the volume is pushed throughout the sys-

temand the cardmaterial by injection of air insteadof other solvents or

water. Immediately before passing the sample spot, the flow is reduced

to 250 µL/min and the EDTA solution is heated to approximately 80◦C

by a built-in preheater before entering the clamp mechanism (step 2).

The extract is transferred via the sideport-syringe of the right MPS to

open vials (step 3). This procedure is followed by washing steps (step

4 and 5) with the EDTA solution and drying of the system by finally

injecting air (step 6). The extraction protocol is summarized in Table 1.

After desorption, washing and drying, another photo of the card is

taken for quality control and documentation purposes, before the card

is returned to the respective rack position. Due to the requirements

of undiluted extraction the overall extraction time per spot is approx-

imately 7min. Assays acceptingmore dilute extractswill be compatible

with simplified extraction protocols allowing for reduced runtimes of

approximately 3min per DBS.

2.5 ECLIA detection of anti-SARS-CoV-2
antibodies

For the detection of anti-SARS-CoV-2 antibodies, a Cobas e411 ana-

lyzer for immunoassay testing (Roche Diagnostics GmbH, Mannheim,

Germany) was applied, using an ECLIA Elecsys Anti-SARS-CoV-2 (REF

09203095190) Kit off-label. According to the manufacturer’s product

description27,28 it is intended for qualitative detection of SARS-CoV-

2 antibodies in human serum and plasma. The detection principle is

based on an electrically induced chemiluminescent emission after for-

mation of a sandwich complex where present anti-SARS-CoV-2 anti-

bodies are targeted by two nucleocapsid antigens, one labeled with

a tris(2,2′-bipyridyl)ruthenium(II)-complex. For all employed matrices,

that is, serum and plasma as well as extracts obtained from DBS, the

analysis is performed fully automated in batches of 30 samples with an

overall run time of ca. 45min.

2.6 Assay characterization

In addition to the assay’s performance characteristics documented in

the manufacturer’s factsheet, additional figures of merit concerning

the test method’s precision were determined for the analyses of DBS

and Mitra®-tip extracts. For the assessment of the inter- and intra-

day precision, batches of six QC sample replicates were prepared on

three consecutive days (n = 3 × 6). Moreover, the instrumental preci-

sion of the ECLIAwas determined at three concentration levels. There-

fore, samples were prepared as rDBS QCs and Mitra®-tip samples

from different donors with high, medium and low serum concentra-

tions, respectively. For each level, 3 spots were pooled and the yielded

extracts were each analyzed sixfold (n = 3 × 6). The precision values

were calculated as the corresponding relative standard deviations.

3 RESULTS AND DISCUSSION

3.1 Study designs and test cohorts

3.1.1 Characteristics of plasma and serum versus
DBS

According to the manufacturer’s instruction leaflet,28 the test results

should be assessed by means of a numerical cutoff index (COI). A COI

of≥1.0 should be interpreted as the threshold for a reactive test result

and vice versa (< 1.0 non-reactive test result) in plasma or serum. As

evaluated before,22 DBS extracts generally allow for themeasurement

of anti-SARS-CoV-2 antibodies (using ELISA and LFIAs). With regards

to lower absolute amounts of antibodies in 20 µL of (capillary) blood

instead of serum or plasma, potential analyte loss and dilution during

the extraction process, the cutoff-level for DBS samples was adapted

to a conservative COI of ≥0.5 to account for a reduced overall assay

sensitivity.

In the tested cohort, the observed “reactive” values ranged from

the modified COI of ≥0.5 up to > 200 while values for non-reactive

samples were found in a range of 0.04-0.07 for DBS and 0.06-0.1

for plasma/serum. Interestingly, extracted blank card spots (i.e. with-

out blood applied and thus representing largely neat EDTA solution)

resulted in elevated readout values of 0.1-0.2. ECLIA test results close
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F IGURE 2 Highly significant (P< .001) linear correlation of serum
and corresponding reconstituted DBS (rDBS) values

F IGURE 3 Linear/proportional correlation of EDTAwhole blood
spotted onto DBS cards and corresponding rDBS derived from serum
of the same volunteers

to but still below the COI (0.2 to < 0.5) were considered as “incon-

clusive,” which warranted follow-up tests such as a second analysis of

anotherDBS spot or, if/wherepossible, a venousblooddrawing for sub-

sequent anti-SARS-CoV-2 antibody test(s).

Also, the correlation of values determined from serum and cor-

responding DBS was assessed. For that purpose, anti-SARS-CoV-2

antibody reactive serum samples were mixed with blood cells from

anti-SARS-CoV-2 antibody-negative blood donors (set to a hematocrit

of 45) and spotted at 20 µL / sample onto DBS cards. These DBS were

subsequently regarded as reconstituted DBS (rDBS). In Figure 2, the

correlation of serum and rDBS samples of 50 reportedly PCR-positive

volunteers of three test groups is graphically presented. Data was

tested by a generalized linear model and values were found to be

highly significantly correlated (P< .001).

To assess the validity of rDBS results, EDTA whole blood samples

were spotted onto DBS cards and directly compared to corresponding

rDBS from the same subjects. By plotting both ECLIA values (Figure 3),

a linear correlation was observed.

Data on the overall as well as the instrumental precision of the

ECLIA for the analysis of DBS and Mitra®-tip extracts are summa-

rized in Table 2. Both the overall method (rel. SD: DBS < 12.3% and

TABLE 2 Results of characterization experiments utilizing the
Elecsys Anti-SAS-CoV-2 ECLIA for analysis of DBS andMitra®-tips
extracts

Instrument precision DBS Mitra®-tip

Readout value

comparison

(Mitra®/DBS)

High 0.6% 2.2% 0.91

Medium 0.6% 1.2% 0.96

Low 1.1% 0.7% 1.01

Overall precision

Intraday 5.2-12.3% 4.6-8.5%

Interday 8.7% 6.8%

Mitra® < 8.5%) and the ECLIA (rel. SD: DBS < 1.1% and Mitra®-

tips < 2.2%) were found to be precise. The DBS and Mitra®-tip read-

outs obtained from identical blood samples prepared and analyzed

in the context of the instrumental precision measurements at high,

medium and low concentrations further confirmed comparable target

analyte readouts from both sampling supports yielding Mitra®/DBS

ratios of 0.91, 0.96 and 1.01, respectively (Table 2).

3.1.2 Authentic DBS sample analyses

In the context of a pilot study, more than 500 DBS samples, collected

from participants of a largely defined and limited environment (work-

ing colleagues and close acquaintances) were analyzed. With the

exception of two study participants, antibodies were detected in all

samples obtained from previously reported PCR-positive individuals

(n = 16). Furthermore, 6 DBS specimens yielded anti-SARS-CoV-2

antibody reactive values (“unexpected findings”), and in two cases

inconclusive results (ECLIA readouts of 0.3–0.49) were found but

eventually confirmed as antibody-reactive through additional serum

sample analyses.

In a second cohort, 434 anonymized contract analysis with 67

(EDTA-)plasma and serum samples and 367 DBS specimens on varying

collection supports (Figure 4) were conducted, yielding 14 antibody-

reactive (3.2%) and 3 (0.7%) inconclusive test results. While necessi-

tating minor adaptations of the extraction protocol depending on the

DBS sampling device, the ECLIA analysis remained unmodified for all

specimens.

3.1.3 Stability of anti-SARS-CoV-2 antibodies in
DBS

For quality control purposes, a stock of various DBS cards was pre-

pared by spotting 4 × 20 µL of EDTA blood from two different PCR-

and antibody-tested volunteers to obtain negative and positive quality

control samples, respectively. Those cards were packed in sealed plas-

tic bags together with a desiccant to be stored in a refrigerator at 4◦C
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F IGURE 4 Distribution of different blood samplematrices tested
for the presence of anti-SARS-CoV-2 antibodies. In total, 434 samples
were analyzed: 275 card-based DBS, 80 Tasso-Kit-derived DBS, 58
plasma, 9 serum, 8 Hemaxis DBS, and 4Mitra®-tip DBS

F IGURE 5 Time-ECLIA readout value plot of repeated analyses of
anti-SARS-CoV-2 antibody-reactive positive QC samples using
card-derived DBS andMitra®-tips. Results suggest no degradation of
the reactive species withmedian values of 90.9 (SD 12.4) and 22.9 (SD
5.3), respectively

until analysis. Over a period ofmore than sixmonths, positiveQC spots

were freshly prepared on a daily basis with each batch of test samples.

In addition, Mitra®-tips were loaded with another EDTA blood sample

and repeatedly prepared and analyzed over a period of 44 days. The

ECLIA results of both QC samples yielded reproducible data centering

around themedian of 90.9 for DBS and 22.9 forMitra®-tips (Figure 5).

3.1.4 Post-infection presence of antibodies

With the established approach, PCR-confirmed SARS-CoV-2-positive

reported individuals were repeatedly tested for the presence of anti-

SARS-CoV-2 antibodies over the course of up to 10months as summa-

rized in Table 3. Being considered as qualitative information only, the

obtained data corroborate the long-term presence of anti-SARS-CoV-

2 antibodies.

F IGURE 6 Linear correlation of rDBSQC samples prepared by
automated spot extraction compared tomanual sample preparation.
The red dotted line is representing potential proportional 1:1 recovery

3.1.5 Automated DBS extraction

In the course of establishing an automatedDBS extractionmethod, the

automated card handling and extraction process within a sequence of

multiple samples was assessed for potential carry-over effects. There-

fore, a sequence of samples consisting of negative QC, positive QC,

blank (empty) spot, and negative QC was prepared and analyzed. All

four samples yielded typically observed ECLIA readouts as reported

above (data not shown), demonstrating the absence of analyte carry-

over, and the employed cleaning steps within the extraction run were

regarded as adequate. For reliable test results, repeatable and correct

sample volumes (at least 60 µL of the extraction volume of 85 µL) were

needed to be transferred into the sampling tubes for the ECLIA. All

sample extracts were completely transferred without any losses nor

further dilution effects.

Finally, the ELICA readouts of manually prepared rDBSQC samples

were compared to extracts of the same sample handled by the DBS-A

robot. As depicted in Figure 6, an average recovery of 57%was enabled

by the DBS-A automated extraction when compared to the manual

sample preparation protocol. Values were found to be well corre-

lated despite the consistently lower recovery found for automated

extraction.

Besides routine preventivemaintenance (every 6-12months) of the

DBS-A robot concerning e.g. rotor seals, extraction clamps, collection

syringe including needle andMPS bungee cords, no additional mainte-

nance has been required to date due to the herein presented extrac-

tion protocol. Extraction clamps are visually inspected before starting

a sequence and are cleanedwith a wetted cotton swab, if indicated.

4 CONCLUSION

Major benefits of minimally invasive blood collection especially in the

context of serological diagnostics for infectious diseases are inter alia

the quick and easy way of individual blood collection without the need

of a venipuncture by healthcare professionals, the cheap and easy
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TABLE 3 Overview about test results for anti-SARS-CoV-2 antibodies (ABs) in reportedly PCR-positive individuals tested early 2020 and late
2020/early 20201.Where first anti-SARS-CoV-2 antibodies were determinedwith standard ELISAmethods, no numerical comparator to the
herein employed ECLIA test is available

PCR test

Sex Yes/no Pos/neg date First AB test value (date) Latest AB test value (date)

♀ Yes Pos 03/2020 ELISA-pos (04/2020) 4.91 (12/2020)

♂ Yes Pos 03/2020 ELSIA-pos (04/2020) 5.89 (01/2021)

♀ No ELISA-pos (04/2020) 3.05 (12/2020)

♂ Yes Pos 04/2020 21.3 (06/2020) 5.6 (01/2021)

♀ Yes Pos 04/2020 0.90 (08/2020) 0.482 (01/2021)

♂ Yes Pos 11/2020 4.24 (12/2020) 27.41 (01/2021)

♂ No ELISA-pos (04/2020) 2.06 (02/2021)

♂ Yes Pos 03/2020 ELISA-pos (04/2020) 1.89 (02/2021)

♀ Yes Pos 09/2020 0.945 (11/2020) 3.26 (02/2021)

♂ Yes Pos 09/2020 0.226 (11/2020) 1.02 (02/2021)

♂ Yes Pos 04/2020 ELISA-pos (04/2020) 1.18 (02/2021)

♂ Yes Neg 04/2020 ELISA-pos (04/2020) 0.364 (02/2021)

♂ Yes Pos 03/2020 ELISA-pos (04/2020) 0.730 (02/2021)

♀ Yes Pos 03/2020 3.58 (07/2020) 1.09 (02/2021)

♂ Yes Pos 03/2020 5.98 (07/2020) 2.37 (02/2021)

♀ Yes Pos 03/2020 ELISA-pos (04/2020) 3.06 (02/2021)

♂ Yes Pos 03/2020 ELISA-pos (04/2020) 2.12 (02/2021)

♀ Yes Pos 03/2020 ELISA-pos (04/2020) 3.28 (02/2021)

♂ Yes Pos 03/2020 ELISA-pos (04/2020) 2.44 (02/2021)

♀ Yes Pos 03/2020 ELISA-pos (04/2020) 0.106 (02/2021)

♂ Yes Pos 03/2020 ELISA-pos (04/2020) 0.183 (02/2021)

♀ Yes Pos 03/2020 57.59 (07/2020) 5.41 (02/2021)

transportation, and storage stability as also supported by the herein

presented data.

The need for extended anti-SARS-CoV-2 antibody test methods

might further increase in the near future to address questions besides

identifying past infections such as assessing the immune response to

(different) vaccination strategies and therapeutics or the long-term

monitoring of the immune and antibody status of formerly infected

or vaccinated individuals. Here, the determination of the antibody

titer will be a vital information that can potentially be produced

with adequate immunological assays utilizing DBS, preferably with

largely automatable extraction and analysis option, for which proof-of-

principle data and strategies were presented.

A significant difference as observed between DBS and Mitra®-tip-

based readout values of identical blood samples (ca. fourfold) neces-

sitates further investigation and potentially adaptation of the herein

employed sample preparation protocol, accounting for the substan-

tially different physico-chemical properties of theDBS supportmateri-

als. Nevertheless, the principle applicability of the discussed approach

using microsampling devices featuring a hydrophilic porous DBS-

samplingmaterial is given, opening further opportunities in anti-SARS-

CoV-2 antibody testing.
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