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Can dried blood spots (DBS) contribute to conducting
comprehensive SARS-CoV-2 antibody tests?
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INTRODUCTION

Within months of the first report on its outbreak, the extent of

the pandemic caused by the severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) has reached unexpected dimensions,

and despite enormous global scientific efforts, several aspects

characterizing the coronavirus disease 2019 (COVID-19) and its

transmission are not yet fully understood.1–3 A common credo

amongst scientists appears to be the fact that analytical diagnostics

are vital for understanding and, eventually, managing the pandemic.

Here, complementary tests based on real-time quantitative polymer-

ase chain reaction (RT-qPCR) analyses targeting the single-stranded

RNA-composed virus and immunological approaches monitoring the

development of immune responses of infected (and recovered)

individuals have been established.4,5 Advantages and limitations exist

with both strategies, and various factors are suspected to affect the

reliability of the analytical result;1 yet, diagnostics are indispensable,

and comprehensiveness and testing frequency is considered to be

of particular importance in supporting the confinement of the

pandemic.5,6

An option to facilitate the testing of different anti-SARS-CoV-2

antibodies could be the extension of existing analytical platforms

from conventionally collected venous blood samples (including whole

blood, serum, and plasma) to minimally invasive sampled capillary

blood such as dried blood spots (DBS) or dried plasma spots (DPS), in

line with recent initiatives, for example, by the US National Institutes

of Health (NIH)7 or the Royal Institute of Technology Stockholm,

Sweden,8 as well as earlier investigations into targeting anti-influenza

IgG antibodies.9 Different versions of DBS and DPS collection kits

are commercially available and are frequently employed in different

areas of drug monitoring and testing.10–12 Sampling can be

performed by individuals without the need for medical professionals,

samples can be shipped to the test facility by regular mail services to

be subjected to routine serology, large numbers of specimens can be

obtained in short time periods supporting the testing of cohorts of

substantial extent, and lastly dry test material appears to exhibit

reduced infectivity13–15 and increased target analyte stability.

PROOF-OF-PRINCIPLE PILOT STUDY -
EXPERIMENTAL

Most currently available tests designed for the detection of SARS-CoV-2

antibodies are approved for serum, plasma, and/or whole blood, whilst

protocols for the use/application of DBS or DPS are not yet available.

A proof-of-principle pilot study was conducted to probe for options as

to how routine sports drug testing programs can contribute to

generating information on the prevalence of SARS-CoV-2 antibodies

in a sub-population of elite athletes. As DBS tests have been studied

in the context of general doping controls extensively over the past

decade,16–25 the applicability of two commercially available IgG and

IgM tests, one-well plate ELISA assay, and one lateral flow-based rapid

test, to the analysis of paired DBS and blood plasma samples obtained

from 26 individuals was assessed.

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

Sport University Cologne, Germany) and written informed consent of

the participants, volumes of 20 μL of capillary blood (fingerprick) per

specimen were used to collect DBS on two different supports

including cellulose-based DBS cards (Whatman FTA DMPK-C, VWR

Darmstadt, Germany) and a microsampling device featuring a hydro-

philic porous material tip (10 μL Mitra sampler, Neoteryx, Maastricht,

The Netherlands). DBS were dried at room temperature for 2 h and

then stored in a plastic bag in the presence of 0.5 g desiccant sachets

until analysis. Further, a single sample of venous blood was collected

into 4 mL K2EDTA (1.8 mg/mL) or SST II Advance tubes (both BD

Vacutainer, BD Heidelberg, Germany) from each participant. The plas-

ma/serum was separated by centrifugation (20 min at 1300 rpm)

within 4 h post collection and stored at +4�C until assayed. Overall,

the pilot study cohort was composed of 18 men and 8 women, age

range 28–64 years, 21 of which underwent prior SARS-CoV-2 PCR
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tests yielding 16 positive results (Table 1). Study participants were

either returnees from regions severely affected by the COVID-19

pandemic or had been in close contact to infected individuals.

The lateral-flow RayBiotech SARS-CoV-2 IgM and IgG rapid test

kits were obtained from Hölzel Diagnostics (Cologne, Germany), while

the Epitope Diagnostics EDI Novel Coronavirus COVID-19 ELISA Kits

KT-1032 and KT-1033 (for IgG and IgM analysis) were purchased

from Immundiagnostik AG (Bensheim, Germany). Plasma samples

were prepared in accordance with the manufacturers’ protocols for

analysis using the respective test kits. Of note, deviating information

existed as to the compatibility of the EDI ELISA with plasma; while

the manufacturer lists serum only as the test matrix, the distributor

mentioned plasma also as an applicable specimen. Hence, for a subset

of four participants, both serum and plasma were tested for IgGs.

DBS were prepared for IgG and IgM analysis by extraction into an

aqueous EDTA solution (1.35 mg/mL). Therefore, entire spots were

punched from DBS cards and cut into eighths, while the absorbent

material from the Mitra tips was merely removed from the plastic sup-

port. The test materials were then placed into polypropylene tubes

(2 mL), fortified with 100 μL of aqueous EDTA, and ultrasonicated for

10 min. Following a 1 min spin-down at 625 × g, 25 μL of the extract

was subjected to RayBiotech analysis. For EDI ELISA analysis, IgG

measurements were conducted by mixing 20 μL of the extract with

200 μL EDI ELISA assay diluent before processing further according

to the recommended protocols. IgM analyses were performed with

25 μL of the DBS extract, which was placed in the microtiter well

plate before adding 75 μL of the provided diluent and further

processing of the test kit as described by the manufacturer.

TABLE 1 Summary of pilot study participant information and comparison of antibody test results using a lateral-flow test device and a
microtiter well-plate ELISA employing plasma, serum, and DBS as test matrices. Positive test results are illustrated in green, negative findings in
red, and suspicious results are shown in white [Colour table can be viewed at wileyonlinelibrary.com]

RayBiotech lateral-flow test EDI ELISA test

Participant Sex
PCR
test

Severity of
symptoms*

Plasma
IgG

DBS
IgG

Plasma
IgM

DBS
IgM

Plasma
IgG

DBS
IgG

Plasma
IgM

DBS
IgM

1 f Yes/pos 7 Pos Pos Pos Pos Posa Posb Pos Posb

2 m Yes/pos 4 Pos Pos Pos Pos Posa Posb Pos Posb

3 f Yes/pos 6 Pos Pos Pos Pos Posa Posb Pos Posb

4 f Yes/pos 5 Pos Pos Pos Pos Pos Pos Pos Neg

5 m Yes/pos 2 Neg Neg Neg Neg Neg Neg Neg Neg

6 f Yes/pos 6 Pos Pos Pos Pos Pos Pos Neg Neg

7 m Yes/pos 10 Pos Pos Pos Pos Pos Pos Neg Neg

8 m Yes/pos n.p. Neg Neg Neg Neg Neg Neg Neg Neg

9 m Yes/pos 4 Pos Pos Pos Pos Pos Pos Pos Pos

10 m Yes/pos 8 Pos Pos Pos Pos Pos Pos Pos Pos

11 m Yes/pos 5 Pos Pos Pos Pos Pos Pos Pos Pos

12 f Yes/pos 7 Pos Pos Pos Pos Pos Pos Neg Neg

13 m Yes/pos 4 Pos Pos Pos Pos Pos Pos Neg Neg

14 m Yes/pos 6 Pos Pos Pos Neg Pos Pos Pos Neg

15 m Yes/pos 1 Pos Pos Pos Pos Pos Pos Pos Pos

16 m Yes/pos n.p. Pos Pos Pos Neg Pos Pos Neg Pos

17 m Yes/neg 1 Pos Pos Pos Pos Pos Pos Neg Neg

18 m Yes/neg 0 Pos Pos Pos Pos Pos Pos Pos Pos

19 m Yes/neg 9 Pos Pos Pos Pos Pos Pos Neg Neg

20 f Yes/neg 5 Neg Neg Neg Neg Neg Neg Neg Neg

21 m Yes/neg 1 Pos Pos Pos Pos Pos Pos Pos Pos

22 m No 0 Sus Sus Pos Pos Neg Neg Neg Neg

23 m No 0 Pos Pos Pos Pos Posa Posb Pos Posb

24 m No 0 Neg Neg Neg Neg Neg Neg Neg Neg

25 f No 0 Pos Pos Pos Pos Pos Pos Neg Pos

26 f No 3 Neg Neg Neg Neg Neg Neg Neg Neg

aIdentical result in corresponding serum sample.
bIdentical result in corresponding Mitra sample.
*Self-reported on a numeric rating scale from 0 (no symptoms) to 10 (worst symptoms imaginable) /n.p. = not provided.
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PROOF-OF-PRINCIPLE PILOT STUDY –
RESULTS AND DISCUSSION

The goal of this pilot study was to probe for the potential of obtaining

comparable results when testing conventional serum or plasma samples

and DBS for anti-SARS-CoV-2 antibodies with commercially available

test kits as a means to substantially and rapidly expand laboratory-based

testing options. If successful and robust, two beneficial aspects can be

combined: On the one hand, test samples can be obtained quickly and

without the necessity of medically trained personnel for the sampling

procedure, supporting optimized assignments of available resources

especially during epidemic/pandemic crises. On the other hand,

performing the actual test and interpreting the analytical result in

controlled working conditions and by expert personnel in analytical

laboratories contributes to obtaining the best possible test results.6

Sample preparation strategies for DBS analyses were obtained by

adapting the assay manufacturers’ protocols and assessing the effect

of modifying parameters such as the blood volume used to produce

DBS (5–20 μL), the duration of ultrasonication (10–60 min), and

sample/buffer dilution ratios. While the blood volume resulting in

DBS and dilution factors were found to be critical to reaching test

results similar to those obtained from plasma and serum analyses with

the considered assays, prolonged extraction periods were not found

to affect the comparability of the test results.

In Table 1, the test results from paired plasma/serum and DBS

tests are presented, demonstrating the principle applicability of DBS

to the chosen commercial anti-SARS-CoV-2 antibody assays when

applying moderate modifications to sample preparation protocols.

IgG analyses consistently yielded identical test results using both

the lateral-flow and the ELISA test kits with paired matches (positive,

negative, and overall rate of agreement 100%, κ = 1.0 [95% CI 1.0; 1.0]

Table 1). With the EDI ELISA assay, all results above the assay-defined

cut-off were considered as “positive” and all below as “negative”; in the

case of the lateral-flow test device, the absence of bands was recorded

as “negative”, shadowy bands were documented as “suspicious”, and

clear bands as “positive”. Overall, the tested cohort yielded 20 positive,

five negative, and one suspicious lateral-flow test results, and 20 positive

and 6 negative test results were obtained using the EDI ELISA. A total

of four additional serum samples was analyzed under identical

conditions to their corresponding plasma samples, confirming the

results obtained therein (indicated inTable 1 with a superscript “a”).

For IgM, less comparable yet good results were obtained, with

24 out of 26 (lateral-flow test) and 22 out of 26 (ELISA) DBS-borne

results matching the corresponding plasma-derived findings

(lateral-flow: 100% positive, 71.4% negative and 92.3% overall rate

of agreement, κ = 0.79 [95% CI 0.51; 1.00); ELISA: 83.3% positive,

85.7% negative and 84.6% overall rate of agreement, κ = 0.69 [95%

CI 0.41; 0.97]). Here, in two cases of lateral-flow assay analyses,

DBS samples returned negative results where the plasma analysis

result was interpreted as positive. The four failing pairs of the EDI

ELISA consisted of two scenarios where DBS were negative and

plasma positive and vice versa. These discrepancies were observed

also when the tests were repeated, and further sample preparation

optimization might be required to reduce the probability of deviating

test results.

CONCLUSIONS

In addition to serum, plasma, and fresh whole blood, dried blood spots

appear to represent a viable complement to routine anti-SARS-CoV-2

antibody test matrices. DBS facilitate the collection and processing of

significant numbers of test samples, supporting the generation of data

critical to developing and applying epidemiological models on the

presumably undetected spread of infections. International initiatives

have recently been launched,7,8 developing DBS-based testing

approaches to exploit the substantial advantages associated with dried

test matrices collected by individuals without the need of medical

supervision. In order to provide diagnostic values equivalent to serum

or plasma samples, the compatibility of test assays with extracts from

DBS (including potentially required adaptations of sample pretreatment

protocols) has to be thoroughly assessed or, alternatively, assays

specified (amongst other matrices) for DBS analyses have to be

established and characterized. Also, follow-up studies with larger

cohorts than the herein presented pilot study group with a remarkably

high prevalence of COVID-19 are required, and further specifics of

SARS-CoV-2 analyses from DBS need to be examined concerning, for

example, longer-term analyte stability.
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