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ARTICLE INFO ABSTRACT

Keywords: Introduction: Dried blood spot (DBS) sampling is a minimally invasive method for specimen collection with
DBS potential multifaceted uses, particularly for serosurveillance of previous SARS-CoV-2 infection. In this study, we
SARS-CoV-2 assessed DBS as a potential specimen type for assessing IgG and total (including IgG and IgM) antibodies to SARS-
Isgefology CoV-2 in vaccinated and naturally infected patients.

Total 1¢G & IgM Methods: Six candidate buffers were assessed for eluting blood from DBS cards. The study utilized one hundred
COVID-19 and five paired plasma specimens and DBS specimens from prospectively collected SARS-CoV-2 vaccinated in-

dividuals, remnants from those with PCR confirmed SARS-CoV-2 infections, or remnants from those without
history of infection or vaccination. All specimens were tested with the Siemens SARS-CoV-2 total assay (COV2T)
or IgG assay (sCOVG).

Results: The lowest backgrounds were observed with water and PBS, and water was used for elution. Relative to
plasma samples, DBS samples had a positive percent agreement (PPA) of 94.4% (95% CI: 94.9-100%) for COV2T
and 79.2 (68.4-87.0) for sCOVG using the manufacturer’s cutoff. The NPA was 100 % (87.1-100.0 and
85.13-100) for both assays. Dilution studies revealed 100% (95% CI: 90.8-100%) qualitative agreement between
specimen types on the COV2T assay and 98.0% (88.0-99.9%) with the sCOVG using study defined cutoffs.
Conclusion: DBS specimens demonstrated high PPA and NPA relative to plasma for SARS-CoV-2 serological
testing. Our data support feasibility of DBS sampling for SARS-CoV-2 serological testing.

1. Introduction

Correctly identifying, triaging, and isolating patients with active
SARS-CoV-2 infection is paramount to minimize the risk of transmission
to close contacts in the community and at health care centers. While
diagnostic nucleic acid-based methods are the gold standard for
detecting active COVID-19 infection, SARS-CoV-2 serological testing is
an important tool for confirming the presence of current or previous
infection in certain situations. According to the Infectious Diseases So-
ciety of America, detection of SARS-CoV-2 antibodies is useful for
evaluating patients with high clinical suspicion of COVID-19 but
persistently negative PCR testing and > 2 weeks of symptoms, for

assessing multisystem inflammatory syndrome in children, and for
conducting serosurveillance studies [1]. Seroprevalence studies are
crucial for understanding the total disease burden of SARS-CoV-2 [2];
and have demonstrated 2-3 fold higher infections per reported COVID-
19 case among U.S. blood donors [3]. Of particular importance for
serosurveillance studies are the use of assays with high sensitivity and
specificity [4] . While many high throughput, automated methods have
sufficient analytical performance for this purpose [5-7], several limi-
tations exist if serological assays are to be used for serosurveillance.
Limitations include the requirement for traditional phlebotomy,
inability to reach patients who are currently under quarantine, and
difficulty in testing disadvantaged patients that lack access to COVID-19
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testing centers. This has led some to use point of care based, lateral flow
assays in population studies to easily assess SARS-CoV-2 prevalence
[8,9]. However several lateral flow based methods have demonstrated
poor clinical performance [10], calling into question the results from
surveillance studies performed using assays that have not been thor-
oughly validated.

Dried blood spot (DBS) sampling has emerged as an invaluable
minimally invasive tool for clinical specimen collection. DBS sampling is
currently performed clinically for newborn screening [11,12]. DBS
sampling has also been proposed for monitoring changes in erythro-
poiesis and other biologically relevant molecules in the fight against
doping in professional sports [13-15], drug screening [16], and for the
diagnoses of infectious diseases including hepatitis C virus [17,18],
cytomegalovirus [19] and HIV [20]. The varied utility of DBS sampling
is further reflected by the stability and retrieval of analytes like micro-
RNA [21], protein [22] and sphingolipids [23] for sensitive molecular
assays and mass spectrometry. The clinical utility of DBS sampling lies in
its accessibility to at risk populations like the homeless, those with
substance use disorders, and patients with limited healthcare access
[16]. This also includes resource limited countries where access to
COVID-19 testing is often scarce [24,25]. To obtain a specimen for
conventional serology, health care workers perform venipuncture, col-
lecting blood in tubes that require relatively significant storage and/or
processing to maintain sample integrity. In contrast, DBS sampling
eliminates the need for a phlebotomist since capillary specimens can be
easily acquired through a fingerstick and has less stringent storage re-
quirements. Use of dried sample as opposed to a liquid sample also
avoids the risk of spills, facilitating handling outside of the typical
clinical and laboratory environment. Lastly, amid the recent global
shortages in blood tube and collection devices due to manufacturing and
shipping delays induced by the coronavirus pandemic, DBS sampling
may serve as a proxy for continued SARS-Cov-2 serological testing
[26,27]. Studies utilizing DBS sampling for SARS-CoV-2 serological
testing have been reported, but they suffered from small sample size, did
not assess seroprevalence, were limited to ELISA based, semi-automated
assays for specimen analysis, or required specimen dilution prior to
analyses [28-30].

In this study, we assess DBS as a potential specimen type for assessing
IgG and total (including IgG and IgM) antibodies to SARS-CoV-2 in
vaccinated and naturally infected patients.

2. Materials and methods
2.1. Specimen collection and handling

This study was approved by the Institutional Review Board of
Washington University in St. Louis. We utilized 105 paired plasma (in
lithium heparin tubes) and DBS patient specimens (on Whatman 903
Cards, 5 spots per sample) divided into 3 groups. The first group
comprised of 48 prospectively recruited post-SARS-CoV-2-vaccine re-
cipients within 126 + 18.75 days after their second dose of the Pfizer
SARS-CoV-2 vaccine. Prospective patients had a paired lithium heparin
plasma specimen collected and DBS card spotted from capillary blood.
Plasma specimens were processed within 4 h of draw and DBS cards
were allowed to dry overnight, sealed in a plastic bag with desiccant,
and frozen at —80 °C until analyses. The second group consisted of 34
remnant clinical specimen in lithium heparin syringes from patients
diagnosed with COVID-19 via positive SARS-CoV-2 RT-PCR or total
SARS-CoV-2 antibody 9 (COV2T) results. Two of the remnant samples
came from patients who were vaccinated prior to testing positive for
SARS-CoV-2 via RT-PCR. Both specimens were classed in the vaccinated
cohort for all subsequent analyses. The third group consisted of 23
remnant clinical patient specimens in lithium heparin syringes from
patients with no history of SARS-CoV-2 vaccination or positive SARS-
CoV-2 RT-PCR or positive COV2T serology results. To obtain DBS sam-
ples from remnant specimens, 60ul was aliquoted onto each DBS

Clinical Biochemistry xxx (xxxx) xXxx

Whatman card spot, dried overnight, sealed in plastic bags, and stored at
—80 °C until analyses. The residual specimens were subsequently
centrifuged to obtain plasma which was stored at —80 °C until analyses.

2.2. Eluent selection

To determine the appropriate eluent for DBS samples, six candidate
buffers were assessed: phosphate buffered saline (PBS), PBS + tween 20
at 5% weight / volume (W/V), deionized water, Brij L23 (Sigma
Aldrich), Tergitol 15-S-9 (Sigma Aldrich), and ECOSURF EH (Sigma
Aldrich). Undiluted (Neat) buffer, 300ul buffer eluates of blank What-
man card punches, and 300ul buffer eluates from 5 punches of Whatman
cards spotted with 60 ul of SARS-CoV-2 negative whole blood were
analyzed in triplicate to assess overall background by comparing the
relative light units (RLU) from each eluent.

2.3. Sample analysis

To elute specimens from DBS cards, five round 6 mm punches per
single patient card were acquired using the Arrayit Disc Punch (Arrayit
Corporation, Sunnyvale, CA, USA), and placed into a cryovial. Based on
deionized water having the lowest RLUs from our eluent selection pro-
tocol, 300ul of deionized water was utilized as eluent. Cryovials were
then placed on a shaker for 4 h at room temperature and centrifuged at
14,000 rpm for 10 min at room temperature. Supernatants were
immediately analyzed.

2.4. Materials

All analyses were conducted on the ADVIA Centaur® XP Immuno-
assay System (Siemens, Healthineers) using reagents [SARS-CoV-2 IgG
(sCOVG) assay, and SARS-CoV-2 Total (COV2T) assay], calibrators,
controls and consumables as recommended by the manufacturer. The
ADVIA Centaur COV2T assay is a qualitative assay which detects total
antibodies (including IgG and IgM) to SARS-CoV-2 in human serum and
plasma, while the sCOVG assay qualitatively and semi-quantitatively
identifies SARS-CoV-2 IgG antibodies. Both assays generate numerical
output which is reported in this manuscript as number indices.

2.5. Serial dilution assay

The linearity of COV2T and sCOVG recovery following serial di-
lutions was assayed using both plasma and DBS eluates. The following
dilution series was performed on 10 SARS-CoV-2 positive remnant
whole blood specimen in lithium heparin syringes: no dilution (Neat),
1:2,1:4, 1:8, and 1:16. Each positive specimen was diluted into a pool of
remnant whole blood that was negative for antibodies to SARS-CoV-2
(as determined by both the COV2T and sCOVG assays). After dilution,
aliquots (60ul) of whole blood dilution sequence were spotted (5 spots
per specimen) onto Whatman 903 DBS cards and frozen at —80 °C. The
remaining whole blood for each dilution was then centrifuged, plasma
separated, and stored at —80 °C. Eluates were acquired as described
above.

2.6. Statistics

Positive and negative percent agreement (PPA and NPA respectively)
of the DBS result was assessed relative to the plasma specimen. ROC
curves were generated relative to the paired plasma specimen and ideal
cutoffs for each assay to maximize PPA and NPA were identified using
Youdens Index. For linearity studies, if the neat specimen had a signal
greater than the limit of detection, the relative recovery for sCOVG was
determined by dividing subsequent dilutions with the value from the 1:2
specimen. Concordance was determined using Cohens Kappa. Signifi-
cance was determined using unpaired student T test or a Mann Whitney-
U test for non-normal distributed data as indicated. All statistical
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analyses were performed with GraphPad Prism 8.
3. Results

The lowest background RLUs were observed for PBS (15,066 AU) and
deionized water (15,905 AU) for the SCOVG assay (Supplemental
Table 1). The highest background was observed with ECOSURF
(102,252 AU). We then compared background RLUs for both the COV2T
and sCOVG assays with capillary blood specimen from 3 patients with
negative molecular testing for SARS-CoV-2. Deionized water eluates
exhibited lower overall background RLUs compared to PBS and was
used as the eluent for the remainder of the study. The imprecision of
extraction with water over three replicates was 19.2%. Similar back-
ground RLUs were observed for PBS (32,879 AU) and water (16,396 AU)
as eluents using the COV2T assay (Supplemental Table 2).

Patient demographics are listed in Supplemental Table 3. The me-
dian age of naturally infected males and females were 58 (Range + 10)
and 59 (Range + 20) years respectively; and 42 (Range + 9.5) and 42
(Range =+ 23.5) years for vaccinated males and females, respectively.
83.3% and 70.5% of female and male patients who were naturally
infected with SARS-CoV-2 were symptomatic at the time of sample
collection. The median number of days from positive PCR test to sample
collection in naturally infected subjects were 15.5 &+ 23 and 12 + 16.5
days, for males and females respectively. In vaccinated patients, median
sample collection from the date of receipt of the 2nd dose was 122 +
18.25 and 129 + 22.25 days for males and females respectively.

At the manufacturer defined cutoff of 1.0 for the COV2T assay, the
PPA was 94.4% (95% CI: 94.9-100%) and the NPA was 100% (95% CI:
85.13-100) for DBS specimens relative to plasma (Fig. 1A, 1B). At the
manufacturer defined cutoff Index of 1.0 for the sSCOVG assay, the PPA
was 79.2 (95% CI; 68.4-87.0) and the NPA was 100 (95% CI;
87.1-100.0) for DBS cards relative to plasma specimens (Fig. 1C, 1D).

ROC curves for DBS specimens analyzed by the COV2T assay
revealed an AUC of 1.0 (95% CI: 1.0-1.0) (Fig. 2A) and by the sCOVG
assay revealed an AUC of 0.95 (95% CI: 0.91-0.99) (Fig. 2B). Using
Youdens Index, an ideal cutoff of 0.56 Index on the COV2T assay
demonstrated a PPA of 100.0% (95% CI: 94.9-100.0) and an NPA of
100% (95% CI: 85.1-100.0) for DBS specimens. An Index of 0.1 on the
sCOVG assay revealed a PPA of 90.3% (95% CI; 81.3-95.2%) and an
NPA of 100% (95% CI; 87.1-100.0%). Using these cutoffs, an observed
Kappa of 0.87 (95% CI: 0.76-0.98) was calculated between sCOVG and
COV2T assays in plasma samples, and 0.66 (95% CI: 0.50-0.82) with
DBS specimens (Supplemental Tables 4 and 5). At the manufacturer
Limit of Detection of 0.5 Index for DBS specimens, the PPA with plasma
was 85.7% (95%; 76.2-91.8) with no change in NPA.

A positive correlation was observed between the signal Index from
DBS eluates and plasma samples on the COV2T assay (Pearson r = 0.69,
95% CI; 0.57-0.78) and sCOVG assay (Pearson r = 0.63, (95% CI;
0.49-0.74) (Fig. 3A-B). Overall, higher recovery of the chemilumines-
cent signal was observed with the COV2T assay [Median 51.4% (95% CI:
41.1-63.7)] compared to the sCOVG assay [Median 7.085% (95% CL:
5.473-9.130)] (Fig. 3C).

Table 1
Assay agreement between plasma and DBS samples.
Dilution Factor DBS COV2T DBS sCOVG
Agreement’ Agreement”
Neat 9/9° 10/10
1:2 10/10 10/10
1:4 10/10 10/10
1:8 9/9° 10/10
1:16 10/10 9/10

TOTAL 48/48 (100%, 90.8-100) 49/50 (98.0%, 88.0-99.9)

! positive DBS COV2T signal is > 0.56.
2 Positive when DBS sCOVG is > 0.1.
% Specimen was QNS to repeat after instrument error.
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Relative to patients with natural infection, vaccinated patients had
on average a higher Index by the COV2T and sCOVG assays in both
plasma and DBS eluates (Supplemental Fig. 1). Nonetheless, similar
recovery from DBS eluates relative to plasma was observed for the
COV2T assay in infected patient samples (Median = 46.2%, 95% CI:
20.7 — 100) relative to vaccinated patient samples (Median = 51.75%,
95% CI: 44.1 - 6i1.7%, Fig. 4A). However, sCOVG recovery from DBS
eluates was lower relative to plasma (P-value < 0.0001) when patients
were naturally infected (Median = 2.67%, 95% CI: 1.541 - 5.133)
compared to vaccinated (Median = 9.13%, 6.94 — 11.22, Fig. 4B).

Serial dilutions revealed a qualitative agreement of 100% (95% CI:
90.8-100%) between the plasma specimen with a cutoff Index of 1.0 and
the DBS specimen with a cutoff Index of 0.56 on the COV2T assay
(Table 1). Similarly, qualitative agreement using the sCOVG assay was
98.0% (88.0-99.9%) across all dilutions with a cutoff Index of 1.0 for
plasma and 0.1 for DBS eluates. Interestingly, the single discordant
sample was negative in plasma at a dilution of 1:16 but positive by DBS.

Since the sCOVG assay is designated as semi-quantitative, relative
IgG recovery was assessed. Deming regression of the relative IgG re-
covery with plasma relative to DBS eluates demonstrated an R? = 0.976
(Fig. 5). The Deming regression best fit line had a slope of 0.87 (95% CI
0.84-0.90) and an intercept of 0.14 (0.12-0.17).

4. Discussion

DBS sampling has been proposed as a stable, cost-effective, and
minimally invasive sampling technique with potential for broad usage in
the clinical laboratory [13,15,17,20]. In this study, we demonstrate that
DBS specimens have excellent agreement with plasma specimens using
the Siemens COV2T and sCOVG assays. Furthermore, we demonstrated
strong correlation between the Index signal generated by both assays
assessed in plasma and DBS. Together, these results imply a potential
utility for DBS in serological testing.

It is crucial for any assay, particularly those to be used as a screening
assay or for seroprevalence studies, to have high sensitivity and speci-
ficity for the disease of interest [4,31]. To this end, we observed high
PPA and NPA at the manufacturer defined cutoff index of 1.0 between
plasma and DBS specimens. Furthermore, we demonstrate that reducing
the cutoff Index to 0.56 and 0.1 for the COV2T and sCOVG respectively
increased the PPA and NPA to almost 100%. The reduction in signal was
necessary for both assays given the reduction in % recovery for both
total and IgG antibodies. Reduced recovery was likely multifactorial and
includes differences in antibody concentrations in whole blood spec-
imen versus plasma specimen. Since antibodies are found in the plasma
fraction, the presence of hematocrit in whole blood reduces antibody
concentrations by ~ 40-50% relative to plasma. Also, we demonstrate
water as a simple elution buffer anticipated to maximize specificity for
the sCOVG and COV2T Siemens assays since it resulted in less back-
ground signal relative to other buffers tested. Other studies have used
0.1% Tween-20/5% nonfat milk protein/PBS eluent [29] or 1% Tween-
20/PBS [32]. Reducing background signal is likely to enhance speci-
ficity and positive predictive value; parameters crucial for seros-
urveillance studies. Interestingly, better recovery was observed with the
COV2T assay which detects total antibodies than the sSCOVG assay which
detects IgG antibodies. This is unexpected, as one would anticipate that
the pentameric IgM would be less likely to diffuse from the DBS card
than IgG antibodies. This could have been impacted by the buffer chosen
for elution. Nonetheless, this demonstrates the need to validate any
assay and analyte from a DBS card prior to analysis with patient speci-
mens. Importantly, by reducing the Index signal required for a qualita-
tively positive DBS specimen to 0.56 and 0.1 for the COV2T and sCOVG
respectively, PPA was enhanced without sacrificing NPA. This approach
has been used in other studies to maximize the sensitivity and specificity
of DBS eluents for SARS-CoV-2 serological testing but with a lower
number of patients to validate the established cutoffs [33]. Furthermore,
one large study found that DBS eluents had a 30-fold higher limit of
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detection relative to plasma using the Roche Elecsys immunoassay [34].
Together, these studies reinforce the approach used here to maximize
PPA and NPA by reducing the cutoff for a positive test result. However,
follow-up studies are required to demonstrate the imprecision of both
the COV2T and the SCOVG assays at cutoffs that are below the limit of
quantitation.

An interesting finding from this study was the potential for semi-
quantitative results from DBS eluates. We demonstrate a strong Pear-
son correlation with patient comparisons, excellent agreement with
dilution studies, and linearity using the sSCOVG assay. To our knowledge,
little data exists in the available literature demonstrating linear results
after elution from a DBS card. In the context of SARS-CoV-2 serology, we
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previously demonstrated that higher signals generated on automated
serological assays are generally associated with higher neutralizing
antibody titers [35,36]. Furthermore, studies in the context of mRNA
vaccine have demonstrated lower neutralizing antibody titers in those
with breakthrough SARS-CoV-2 infections than those without [37]. In
the absence of peer reviewed data on the use of SARS-Cov-2 serological
testing as a marker of immunity from infection, the FDA does not
currently recommend serological assays to assess for immunity after
COVID-19 vaccination or primary infection [38]. However, recent rec-
ommendations for immunocompromised patients to receive an addi-
tional SARS-Cov-2 vaccine, coupled with the release of the SARS-CoV-2
antibody reference material by the WHO [39], may help standardize
assays and cutoffs in the future leading to recommendations regarding
serological testing cutoffs and protection. Nonetheless, the quantitative
results from DBS testing demonstrated here imply that the same tech-
nique may be useful for other, quantitative analytes.

DBS collection has been used clinically for NBS screening for several
decades now [11]. This is due, at least in part, to ease of collection in
pediatric populations, simplicity of transport, and robust testing
methods for multiple analytes. While other studies have used DBS cards
for research, few have transitioned to translational or clinical applica-
tions [13-20]. To this end, serological testing from DBS cards has the
potential to be useful early in an epidemic or pandemic to better un-
derstand both symptomatic and asymptomatic spread of disease in
difficult to reach populations particularly those far from testing centers,
or in undeveloped countries. With regards to underdeveloped countries,
there are limited available studies assessing seroprevalence in these
populations, likely obscuring the global impact of the COVID-19
pandemic.

Despite implications of this data in DBS-based SARS-Cov-2 serology,
our study has several limitations. The use of remnant specimens may
have impacted findings, with the lithium heparin from the syringe
altering the matrix relative to a whole blood capillary samples. How-
ever, we generally observed comparable or better recovery of signal
from DBS relative to plasma in the remnant specimens relative to the
prospectively collected, vaccinated individuals. Of note, % recovery of
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sCOVG was two-fold higher in DBS specimens from vaccinated relative
to infected patients although no difference in % recovery was observed
with the COV2T assay. These results may be due to enhanced recovery
with higher starting antibody concentrations in vaccinated individuals,
a matrix effect from using remnant lithium heparin whole blood, and
differing SARS-Cov-2 seroprevalence in infected patients due to differ-
ences in disease severity with breakthrough infections. Larger, pro-
spective studies to tease out the cause of this potential discrepancy are
required. Another limitation of this study was the selection of diluent.
Given the general concern for low specificity of SARS-CoV-2 immuno-
assays when used for seroprevalence, we selected elution buffers based
on the lowest signal produced in a negative sample. However, we did not
assess the buffer most suited to recover immunoglobulins from DBS
cards. This may have resulted in lower recoveries than could have been
achieved using other buffers. Furthermore, the use of water to elute DBS
cards should be validated across other platforms before implementation
for studies or testing.

In conclusion, we demonstrate a high percent agreement between
plasma and DBS specimens for SARS-COV-2 total and IgG antibodies
using the Siemens Centaur XP COV2T and sCOVG assays. The benefits of
DBS specimen collection include the minimally invasive nature of
sampling, rapid screening of patients, reduced exposure of healthcare
workers to infected patients during venipuncture sampling, sample
collection for patients under quarantine, and expanding access to
vulnerable populations with limited access to COVID-19 testing centers
and hospitals.
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