UNIVERSITYOF
BIRMINGHAM

iversit}/]ofBirmin am
esearch at Birmingham

Validation of dried blood spot sampling for
detecting SARS-CoV-2 antibodies and total
Immunoglobulins in a large cohort of asymptomatic
young adults

Ferentinos, P; Koivula, F; Faustini, S; Nicholson-Little, A; Stacey, M; Cunningham, A F;
Woods, D; Richter, A; O'Shea, M K; Snape, Daniel; Gifford, Robert M; Parsons, lain T; Lamb,
Lucy E M; Greeves, J; O'Hara, John P

DOI:
10.1016/}.jim.2023.113492

License:
Creative Commons: Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

Document Version
Publisher's PDF, also known as Version of record

Citation for published version (Harvard):

Ferentinos, P, Koivula, F, Faustini, S, Nicholson-Little, A, Stacey, M, Cunningham, AF, Woods, D, Richter, A,
O'Shea, MK, Snape, D, Gifford, RM, Parsons, IT, Lamb, LEM, Greeves, J & O'Hara, JP 2023, 'Validation of
dried blood spot sampling for detecting SARS-CoV-2 antibodies and total immunoglobulins in a large cohort of
asymptomatic young adults', Journal of Immunological Methods, vol. 518, 113492.
https://doi.org/10.1016/}.jim.2023.113492

Link to publication on Research at Birmingham portal

General rights

Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

*Users may freely distribute the URL that is used to identify this publication.

*Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.

*User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
*Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.

Take down policy o ) o o ) ) ]
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 29. Apr. 2024


https://doi.org/10.1016/j.jim.2023.113492
https://doi.org/10.1016/j.jim.2023.113492
https://birmingham.elsevierpure.com/en/publications/37e0b7b1-3521-4440-a1da-e3c753db2d63

Journal of Immunological Methods 518 (2023) 113492

Contents lists available at ScienceDirect

Journal of Immunological Methods

ELSEVIER journal homepage: www.elsevier.com/locate/jim

Check for

Validation of dried blood spot sampling for detecting SARS-CoV-2 | e
antibodies and total immunoglobulins in a large cohort of asymptomatic
young adults

P. Ferentinos ™', D. Snape ™', F. Koivula ", S. Faustini, A. Nicholson-Little®, M. Stacey *°,
R. Gifford **, I. Parsons ““, L. Lamb %, J. Greeves b J. O'Hara®, A.F. Cunningham ¢, D. Woods *¢,
A. Richter ©“, M.K. O'Shea ®%"

2 Research Institute for Sport, Physical Activity and Leisure, Carnegie School of Sport, Leeds Beckett University, UK
b Department of Army Health and Performance Research, Andover, Hampshire, UK

¢ Clinical Immunology Service, University of Birmingham, Birmingham, UK

d Institute of Immunology and Immunotherapy, University of Birmingham, Birmingham, UK

€ Research & Clinical Innovation, Royal Centre for Defence Medicine, Birmingham, UK

ARTICLE INFO ABSTRACT

Keywords: Background: Detecting antibody responses following infection with SARS-CoV-2 is necessary for sero-
Dried blood spot epidemiological studies and assessing the role of specific antibodies in disease, but serum or plasma sampling
Antibody responses is not always viable due to logistical challenges. Dried blood spot sampling (DBS) is a cheaper, simpler alter-
]SEiII;i-CoV-z native and samples can be self-collected and returned by post, reducing risk for SARS-CoV-2 exposure from direct

patient contact. The value of large-scale DBS sampling for the assessment of serological responses to SARS-CoV-2
has not been assessed in depth and provides a model for examining the logistics of using this approach to other
infectious diseases. The ability to measure specific antigens is attractive for remote outbreak situations where
testing may be limited or for patients who require sampling after remote consultation.

Methods: We compared the performance of SARS-CoV-2 anti-spike and anti-nucleocapsid antibody detection from
DBS samples with matched serum collected by venepuncture in a large population of asymptomatic young adults
(N =1070) living and working in congregate settings (military recruits, N = 625); university students, N = 445).
We also compared the effect of self-sampling (ssDBS) with investigator-collected samples (labDBS) on assay
performance, and the quantitative measurement of total IgA, IgG and IgM between DBS eluates and serum.
Results: Baseline seropositivity for anti-spike IgGAM antibody was significantly higher among university students
than military recruits. Strong correlations were observed between matched DBS and serum samples in both
university students and recruits for the anti-spike IgGAM assay. Minimal differences were found in results by
ssDBS and labDBS and serum by Bland Altman and Cohen kappa analyses. LabDBS achieved 82.0% sensitivity
and 98.2% specificity and ssDBS samples 86.1% sensitivity and 96.7% specificity for detecting anti-spike IgGAM
antibodies relative to serum samples. For anti-SARS-CoV-2 nucleocapsid IgG there was qualitatively 100%
agreement between serum and DBS samples and weak correlation in ratio measurements. Strong correlations
were observed between serum and DBS-derived total IgG, IgA, and IgM.

Conclusions: This is the largest validation of DBS against paired serum for SARS-CoV-2 specific antibody mea-
surement and we have shown that DBS retains performance from prior smaller studies. There were no significant
differences regarding DBS collection methods, suggesting that self-collected samples are a viable sampling
collection method. These data offer confidence that DBS can be employed more widely as an alternative to
classical serology.
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1. Introduction

The SARS-CoV-2 pandemic has resulted in unprecedented levels of
testing globally, to both diagnose current viral infection but also to
detect evidence of prior infection or measure response to vaccination
through antibody testing. This is particularly important for seropreva-
lence studies where there is limited ability to test for infection by
serology, as was the case in the spring of 2020 at the beginning of the
COVID-19 pandemic (Long et al., 2020; Shields et al., 2020; Thevis et al.,
2020). The scale of testing undertaken during this pandemic has exposed
limitations in the traditional model of in-person attendance for a blood
test and subsequent processing and analysis in a laboratory. Patient
travel and exposure to a health care setting can increase infection risk,
and transportation to the laboratory can cause delays and deterioration
of the sample. Increased use of remote healthcare consultation during
the pandemic also necessitates travel for a blood sampling appointment.

Dried blood spot (DBS) offers a potential alternative method to
venepuncture, and is comparatively simple, inexpensive, and can be self-
collected and securely posted to dedicated laboratories for analysis
(Page et al., 2019). Commercially available DBS kits have been used to
detect antibodies of various infections, with prolonged stability
demonstrated post-collection (Behets et al., 1992; Condorelli et al.,
1994; Vazquez-Moron et al., 2019). SARS-CoV-2 antibody testing using
DBS sampling has been previously undertaken (Parry et al., 2021a; Parry
et al., 2021b; Parry et al., 2022; Parry et al., 2021c; Shields et al., 2022a;
Shields et al., 2022b; Talaei et al., 2022); however, the accuracy of DBS
testing for detecting SARS-CoV-2 antibodies conducted at scale in
asymptomatic individuals, and the impact of DBS self-sampling on test
performance, are unknown. Such data will inform the clinical utility of
DBS as a sampling for routine clinical service.

This study evaluated the performance of SARS-CoV-2 anti-spike and
anti-nucleocapsid antibody detection from DBS samples compared with
matched serum collected by venepuncture in a large population of
asymptomatic young adults living and working in congregate settings
(military recruits and university students). This study also compared
total IgA, IgG and IgM concentrations between DBS eluates and serum
using a high throughput analyser, to determine the use of DBS sampling
for a routine quantitative protein assay.

2. Methods

Samples were collected between 7 October 2020 and 14 June 2021
from university students at the campus of Leeds Beckett University,
Leeds, and military recruits at the Infantry Training Centre, Catterick.
University student participants performed self-sampling after receiving
face-to-face or video tuition by an investigator at the point of DBS
collection (ssDBS). In contrast, DBS sampling from military recruits was
performed by a single investigator experienced in the technique
(1abDBS). Capillary blood samples (50 pL blood per spot) were obtained
using finger-prick lancets and collected onto forensic-grade 226 DBS
cards (Ahlstrom-Munksjo, https://www.ahlstrom-munksjo.com). DBS
cards were stored at room temperature in individual sample bags with
desiccant prior to processing. Venous blood samples were concurrently
collected by venepuncture.

Serum was separated by centrifugation at 10,600 xg for 10 min at
room temperature and aliquots were stored at -20 °C until use. DBS
samples were processed by the Clinical Immunology Service at the
University of Birmingham as previously described (Cook et al., 2021;
Morley et al., 2020). Briefly, individual 12 mm diameter pre-perforated
blood spots were isolated using a sterile pipette tip and placed into a
universal tube at a ratio of one spot to 250 pL 0.05% PBS-Tween-20.
Blood spots were eluted overnight, aliquoted and stored at 4 °C prior
to processing.

Serum samples and DBS eluates were tested for anti-SARS-CoV-2
spike glycoprotein antibodies at a dilution of 1:40 using a commer-
cially available combined IgGAM ELISA (MK654, The Binding Site
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(TBS), Birmingham, UK) (Watanabe et al., 2020). A ratio value >1.0 was
classified as positive. In a subset of matched serum and DBS samples,
SARS-CoV-2 anti-nucleocapsid IgG was measured by ELISA, according to
the manufacturer's instructions (Eurolmmun US, NJ., USA). Ratios <0.8
were considered negative, >0.8 to <1.1 borderline and > 1.1 positive. In
a subset of randomly selected samples we also measured total IgG, IgA,
and IgM antibody concentrations by turbidimetry using a COBAS ¢311/
501 analyser, according to the manufacturer's instructions (Roche Di-
agnostics GmbH, Mannheim, Germany). Normal ranges for healthy
adults are: total IgG = 6.0-16.0 g/L, IgA = 0.8-4.0 g/L and IgM =
0.5-2.0 g/L (Ward et al., 1986).

All statistical analyses were performed using Prism (GraphPad Prism
9.0, GraphPad Software, San Diego, California). Performance between
the DBS and serum assay was determined by calculating the comparative
sensitivity, specificity, and positive and negative predictive values, with
95% confidence intervals (CIs). Agreement between matched serum and
DBS ELISA results was assessed by Spearman's r, the Cohen k coefficient
and Bland-Altman mean-difference (with standard deviation [SD] and
95% limits of agreement [LoA]). Proportional bias was assessed visually
in Bland-Altman plots and by simple regression analysis.

Ethical approval was obtained from Leeds Beckett University
(Reference 73,520) and the UK Ministry of Defence Research Ethics
Committee (1070/MODREC/20). The study design complied with the
principles of the Helsinki Declaration. Clinical Trial Registration number
was NCT04476680.

3. Results

Samples were collected over 35 weeks from a total of 1070 volun-
teers consisting of 445 university students (ssDBS) and 625 military
recruits (labDBS) (Table 1). Both cohorts contained young adults of a
similar age, but the 1labDBS group comprised of significantly more men
(p = 0.0001), reflecting the typical demographic of military recruits.

Baseline seropositivity for SARS-CoV-2, determined as a positive
IgGAM ratio to the spike glycoprotein antigen using serum collected by
venepuncture, was significantly higher among the students (20.9%)
than the recruits (13.2%) (p < 0.001). We observed strong, significant
correlations between matched serum and DBS samples for both the
1abDBS (r = 0.63 [95% CI 0.58-0.671; p < 0.0001) and ssDBS sampling
(r = 0.67 [95% CI 0.61-0.71]; p < 0.0001) (Fig. 1, panels A and B,
respectively). Similarly, there were minimal differences between the
1abDBS and ssDBS sampling and serum results (Bland-Altman bias:
labDBS = —0.03 [SD =+ 0.41, 95% LoA -0.83-0.77]; ssDBS = —0.02 [SD
+ 0.48, 95% LoA -0.97-0.93]) (Fig. 1, panels C and D, respectively).
Relative to serum samples, labDBS achieved 82.0% sensitivity and
98.2% specificity and ssDBS samples 86.1% sensitivity and 96.7%
specificity for detecting spike glycoprotein IgGAM antibodies (Table 2).
Discordance occurred between 28/625 matched labDBS and 27/445
matched ssDBS samples (x = 0.79 and 0.81, respectively).

Table 1

Characteristics of study cohort. Serum was collected by venepuncture as the gold
standard while DBS samples were either collected by a study investigator (mil-
itary recruits, 1abDBS) or self-sampling (university students, ssDBS). DBS, dried
blood spot.

All Recruits Students P
participants  (labDBS) (ssDBS)
Number of participants 1070 625 455
Age (years) 21.3+ 3.6 209 + 21.7 +
3.6 3.4
Gender (%) Men 76.0 98.4 45.2 0.0001
Women 24.0 1.6 54.8 -
Seropositivity Positive 175 (16.4) 82 (13.1) 93 (20.9) 0.0008
for SARS- Negative 895 (83.6) 543 352 -
CoV-2 (%) (86.9) (79.1)
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Fig. 1. Effectiveness of DBS sampling for the detection of SARS-CoV-2 anti-spike glycoprotein IgGAM. Correlation between matched DBS eluate and serum IgGAM
ratios for military recruits (A, labDBS, n = 625) and university students (B, ssDBS, n = 445). Bland-Altman mean-difference comparisons of DBS eluate and serum
IgGAM ratios for labDBS (C) and ssDBS (D). Pooled analyses (labDBS+ssDBS, n = 1070) showing correlation between matched DBS eluate and serum IgGAM ratios
(E) and Bland-Altman mean-difference comparisons (F). DBS, dried blood spot; dashed lines indicate 95% limits of agreement.
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Table 2
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Sensitivity and specificity of DBS eluate anti-SARS-CoV-2 IgGAM ratios relative to matched serum samples. DBS, dried blood spot; PPV, positive predictive value; NPV,

negative predictive value.

Sensitivity, % (95% CI) Specificity, % (95% CI) PPV, % NPV, % Accuracy, % Cohen's kappa coefficient
(95% CI) (95% CI) (95% CI)
Total cohort 81.1 97.5 86.6 96.4 94.9 0.81
n = 1070 (74.6-86.7) (96.3-98.5) (80.9-90.8) (95.1-97.3) (93.4-96.1)
labDBS 82.0 98.2 87.3 97.3 - 0.79
n = 625 (73.1-89.0) (96.7-99.1) (78.6-92.7) (96.0-98.2)
ssDBS 86.1 96.7 84.7 97.0 - 0.81
n =445 (78.1-92.0) (94.3-98.3) (76.0-90.7) (95.4-98.1)
A B
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5 0w
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Fig. 2. Effectiveness of DBS sampling for the detection of SARS-CoV-2 anti-nucleocapsid IgG. (A). Correlation between matched DBS eluate and serum anti-N IgG
ratios among 53 matched pairs (n = 27 week 0 and n = 26 week 16 matched pairs). (B). Corresponding Bland-Altman mean-difference comparisons. DBS, dried blood

spot; dashed lines indicate 95% limits of agreement.

Overall, both DBS sampling techniques and matched serum samples
(n =1070) showed a strong correlation (r = 0.65 [95% CI 0.61-0.69]; p
< 0.0001) with minimal differences in results (Bland-Altman bias: -0.03,
[SD + 0.44, 95% LoA -0.89-0.84] ((Fig. 1, panels E and F, respectively),
an overall sensitivity of 81.1%, specificity of 97.5% and test accuracy of
94.9% (x = 0.81) for spike IgGAM antibodies.

To corroborate these findings we then used a different assay to
measure anti-SARS-CoV-2 nucleocapsid IgG in a subset of 53 paired
serum and labDBS samples. There was total agreement between
matched serum and DBS samples and a weak significant correlation (r =
0.38 [95% CI 0.11-0.59]; p = 0.005) and minimal differences in results
from DBS and serum samples were observed (Bland-Altman bias: -0.047
[SD + 0.15, 95% LoA -0.35-0.26]) (Fig. 2, panels A and B, respectively).

Finally, the quantification of total IgG from 97 matched 1labDBS and
serum samples, and total IgA and IgM from 100 matched samples, was
measured and compared between different sampling methods. Total IgA
showed the most significant and strongest correlation between matched
serum and DBS samples (r = 0.84 [95% CI 0.77-0.89]; p < 0.0001),
followed by total IgM (r = 0.79 [95% CI 0.69-0.86]; p < 0.0001) and
total IgG (r = 0.68 [95% CI 0.55-0.78]; p < 0.0001) (Fig. 3, panels A, C,
E). Again, minimal differences in results by different sampling methods
were observed for IgA and IgM (Bland-Altman bias: IgA = 0.13 [SD +
0.45, 95% LoA -0.76-1.01]; IgM = —0.13 [SD =+ 0.44, 95% LoA -0.99-
0.741]), however this was slightly higher for IgG = 1.05 [SD + 2.03, 95%
LoA -2.92-5.02]) (Fig. 3, panels B, D, F).

4. Discussion

To our knowledge this study of over 1000 participants is the largest
validation of DBS against paired serum for measuring serological status.
We show that DBS retains the diagnostic performance of smaller studies
(Cook et al., 2021) with good correlation for two different semi-
quantitative specific antibody assays and quantitative total immuno-
globulin measurement. Minimal differences in performance, irrespective
of collection modality, demonstrates that self-collected samples are a
viable sampling strategy, which have previously been shown to have

high levels of acceptability and confidence in users (Valentine-Graves
et al., 2020).

DBS is inexpensive and provides not only the convenience of self-
collection at home, but also protects vulnerable patients and health-
care workers from exposure to infection. This method facilitates sam-
pling in largescale sero-epidemiologic studies and widens access to
serologic platforms in countries where transport of samples and access to
laboratory assays may be limited. Furthermore, as highlighted by the
recent global shortage of blood tubes (Rimmer, 2021), alternative and
innovative approaches to traditional venepuncture may be required to
overcome logistical challenges. DBS cards also require minimal storage
space and are stable for long periods which allows archiving of samples
for subsequent analysis.

Overall, relative to serum samples, DBS samples achieved a sensi-
tivity of 81.1% and specificity of 97.5% for anti-spike IgGAM antibodies.
The sensitivity is lower than previously reported, which may reflect
differences in size, demographic, clinical features and seroprevalence of
participants (Morley et al., 2020). Uniquely, this study enrolled young
adults with no preceding diagnosis or recent symptoms of COVID-19,
allowing the assessment of undiagnosed prior infection among in-
dividuals likely exposed to SARS-CoV-2 in congregate settings. Assess-
ment of such a large population with a lower seroprevalence will reduce
DBS sample test performance, as previously demonstrated in other
contexts (Brown et al., 2021; Mulchandani et al., 2021). However, such
populations are important to assess and the preserved high negative
predictive values with DBS samples indicate that this method of deter-
mining serostatus would be effective in identifying immune-naive in-
dividuals among large, real-world populations with modest rates of
seropositivity. The ability to use DBS in both semi-quantitative and
quantitative assays with good agreement highlights the robustness of
this sampling technique that is likely to be suitable for most antibody
assays.

The SARS-CoV-2 pandemic has required significant innovation in
healthcare. The global effort to develop, translate and implement new
vaccines, drugs and tests has been remarkable. An important part of the
testing pathway is access to sampling, and we report DBS to be an easy to



P. Ferentinos et al.

A B

10 34
o o
5 * 38
3 . 853
= 67 . 25
= peo

c

2 4 . £85 o
£ 9zg
fud K L] CJ q":f 1_
8 2 ° Q9 -

0 T T T T 1 2-

0 2 4 6 8 10
DBS total IgA (g/L)

C D

20 . 10 4
—_— L]
= . (2]
D 154 %g
% 8% o
2 £ 35 <
= 68w
£ 104 S S E
] £35
£ 030
2 59 8a
3 5}

0 T T T 1 -5-

0 5 10 15 20

DBS Total IgG (g/L)

m
M

41 2
)
=S . 7]
S 34 %,m
= o=0B
=l 287
= [T
© Q=
- c
2 £5E
e

£ Qgg
g 3%
(2]

1 2=

DBS total IgM (g/L)

perform technique resulting in a stable sample for transport and
equivalent to serum across different antibody assays.

Data availability
Data will be made available on request.
Acknowledgements

This study was funded by Strategic Command (Director Resources &
Policy) and Army Health Branch. We are grateful for the support of:
Warrant Officer Beth Hoddy, Staff Sergeant Natasha Sinclair, Flight
Sergeant Lia Spark, Professor Neil Walsh, Dr. Kate Donnan, Captain
Richard Cruttenden, Major Nat Taylor, Surgeon Commander Ade
Mellor.

Journal of Immunological Methods 518 (2023) 113492

Fig. 3. Effectiveness of DBS sampling for the
quantification of total immunoglobulins. (A).
Correlation between total IgA from 100
matched DBS eluate and serum pairs (n = 50
week 0 and n = 50 week 16 matched pairs).
(B). Bland-Altman mean-difference compari-
sons for total IgA. (C). Correlation between
total IgG from 97 matched DBS eluate and

Mean total IgA of serum and DBS

serum pairs (n = 50 week 0 and n = 47 week
16 matched pairs). (D). Bland-Altman mean-
difference comparisons for total IgG. (E).
. Correlation between total IgM from 100
matched DBS eluate and serum pairs (n = 50
week 0 and n = 50 week 16 matched pairs).
(F). Bland-Altman mean-difference compari-
sons for total IgM. DBS, dried blood spot;
dashed lines indicate 95% limits of
agreement.
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